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4-7  ACTUAL  SIZE 

7,000  TONS  OF  ORE 

OF  WHICH  THE  ABOVE   IS  AN  AVERAGE  SAMPLE, 
HAVE   BEEN   FED  TO  AN 

8  FT.  HARDINGE  PEBBLE  MILL 

AND    SUCCESSFULLY  GROUND 

or  COURSE  THIS  IS  COMPARATIVELY  SOFT.  NO 
PEBBLE  MILL  COULD  SUCCESSFULLY  HANDLE  1^  IN. 
PIECES  OF  EVEN  ORDINARILY  HARD  ORE;  HOWEVER, 
A  HARDINGE  MILL  CAN,  AND  SEVERAL  ARE  TAKING 
THE  TOTAL  PRODUCT  OF  STAMPS  FITTED  WITH 
SCREENS  AS  LARGE  AS  1    IN.  X  2   MESH. 
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Record  of  expsrienoe.  Briefly,  the  past  and  present  employment, 
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TUtmes  of  companies,  etc.,  should  be  written  without  abbreviations.) 
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EXTRACTS  FROM  THE  CONSTITUTION. 
ARTICLE  IL-MEKBiRa. 
Sec.  1.  Tbe  memberahlp  ortbe  Instltate  Bhall  comprise  toar  rlainnri,  nunely;  L  Hemben ;  i.  Hon- 
OTBT7  Memben  ;  S.  Assoclatea ;  i.  Junior  Uembera,  ■  ■  ■ 

Sec.  2.  The  followins  cliaies  of  petHiiia  shall  be  eligible  fbr  memberBhlp  In  the  InalltuLe,  □unely.  u 
Uemben.  all  prareEslonBl  mining  englDeen,  geologlats,  meUllarglsla,  or  chemists,  and  all  penani 
actively  engaged  lu  mlalog  and  melallnrglcal  engineering,  geology,  or  chemistry  ;  ai  Amclatea,  all 
parsons  dealious  of  being  connected  with  tbe  InaUlnle  nbo  lu  the  opinloD  o!  the  Board  of  Directon 
are  aullable. 

As  Jnnlor  Members,  all  itudenti  In  good  standing  In  englneerldg  ichools  irho  hare  not  taken  thdr 
degrees  and  who  are  nominated  by  at  least  two  of  thilr  Initructon.  *  •  ■ 

Ever;  candidate  for  election  u  a  Member,  Associate,  oi  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Membcni  or  AsGoclates.  must  be  approved  by  Ihe  Committee  on  Membership,  as  pre- 
scribed In  the  By-LawB.  and  must  be  elected  by  the  Board  of  Directoia. 
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PoblialMd  Monthlr  br  ths  AmgriuB  laatltuta  of  Mlainc  EndnMn  »t  313-318  York  St., 
York.  Fb..  H.  a.  WraorncBT.  PabtleatloD  Mui«c«r.  EditorUl  Offlos,  39  Wsat  3flth  St..  Nitw  York, 
H.  T-  BsADLiT  SionaiiTaif.  Editor.  F.  O.  Fiibob.  AhI.  Editor.  Cubit  addian.  "Alma."  Wstam 
naidn  Tdesntph  Coda.  Subaoriptioa  (Inoludinc  poatsca).  SIO  par  uuium:  to  mamberg  of  th«  laMI- 
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SALT  LAKE  CITY  MEETING 

The  Oae  Hundred  and  Eighth  Meeting  fA.  the  Institute, 
for  the  presentation  and  discussion  of  technical  papers, 
will  be  held  at  Salt  Lake  City,  Utah,  August  lo  to  14,  1914. 

ALL  PAPERS  TO  BE  PRESENTED  AT  THIS  MEET- 
ING MUST  BE  IN  THE  HANDS  OF  THE  SECRETARY 
ON  OR  BEFORE  MAY  31.  1914. 


1913  BULLETINS  WANTED 

The  Institute  is  out  of  BvUetins  for  the  year  1913  for  the  following 
months : 

APRIL,  JUNE,  JULY,  AUGUST. 

Demands  are  made  00  this  office  for  copies  of  these  BiM^ins  and 
the  Institute  would  be  glad  to  buy  them  at  50  cents  each,  if  in  good 
condition.  Those  willing  to  sell  the  BvUetijit  are  asked  to  communicate 
with  this  ofBce, 
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BOARD  OF  DIRECTORS 

Meeting  of  Mar.  27,  1914.— President  Thayer  announced  the  appoint- 
ment of  H.  S.  Munroe  ss  a  member  and  E.  Gybbon  Spilsbury  as  Chair- 
man of  the  Library  Committee  of  the  Institute. 

The  President  announced  the  appointment  of  the  Committee  on 
Papers  and  Publications,  the  Technical  Committees,  the  Committee  on 
Increase  of  Membership,  and  the  Committee  on  Junior  Members  and 
Affiliated  Student  Societies. 

The  President  announced  the  appointment  of  Dr.  George  F.  Kuna  as 
a  member  of  the  Reception  Committee  of  the  International  Engineering 
Congress,  1915. 

It  was  voted  that  the  Institute  accept  the  invitation  of  the  Mining 
and  Scientific  Press  to  occupy  space  at  the  Panama-Pacific  Exposition 
next  to  them  and  avail  itself  of  the  service  of  their  representative  to  re- 
ceive and  register  members  of  the  Institute  who  visit  this  space  during 
the  exposition. 

The  sum  of  tl25  was  appropriated  to  the  St.  Louis  Local  Section. 

The  President  was  authorized  to  appoint  delegates  to  attend  the 
meeting  of  the  Advisory  Committee  in  connection  with  the  Bureau  of 
Standards  in  Washington,  on  Tuesday,  Apr.  14,  1914. 

119  Member^,  two  Associates,  and  six  Junior  Members  were  elected  to 
membership  in  their  respective  classes.  The  status  of  one  Junior  was 
changed  to  that  of  Member. 

The  resignations  of  19  Members  were  accepted. 

The  deaths  of  7  Members  were  reported. 

The  date  of  the  San  Francisco  meeting  of  the  Institute  was  placed  for 
Sept.  27-30,  1915. 

It  was  voted  that  no  arrangements  should  be  made  by  the  Institute 
for  a  special  train  from  the  East  to  the  Salt  Lake  City  meeting. 

An  Executive  Committee  of  the  Committee  on  Papers  and  Publica- 
tions was  appointed,  as  follows:  Joseph  W.  Richards,  George  C.  Stone, 
James  F.  Kemp,  Thomas  T.  Read,  and  Bradley  Stoughton. 

The  sum  of  $175<was  appropriated  to  the  Colorado  Local  Section  for 
the  year  1914. 


TRAI7SACTI0NS  FOR  MEXICO 

Many  copies  of  Volume  XLIV,  which  were  sent  to  members  of  the 
Institute  residing  in  Mexico,  were  returned  to  this  office  with  a  statement 
that  they  could  not  be  delivered.  Unless  word  is  sent  to  us  to  the 
contrary,  we  shall  not  attempt  to  deliver  copies  of  the  Transaciiona  to 
these  same  members  until  conditions  in  Mexico  warrant  a  reasonable 
hope  of  their  reaching  their  destination,  but  all  such  volumes  of  Trans- 
actions will  be  held  at  the  office  of  the  Institute  and  delivered  to  members 
upon  receipt  of  their  order,  at  any  future  time. 
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HADFIELD  RESEARCH  PRIZE 

Through  the  generosity  of  Sir  Robert  Hadfield,  Honorary  Member, 
the  Directors  of  ^e  Americaa  Institute  of  Mining  Engineers  are  enabled 
to  announce  the  Hadfield  Reeearch  Prize  of  $1,000  for  the  best  contribu- 
tion to  the  publications  of  the  Institute  upon  the  general  subject  of  The 
Different  Forms  and  Combinations  of  Carbon  with  Iron,  including  those 
in  Iron  Alloys.  The  prize  will  be  awarded  at  the  Annual  Meeting  of  the 
Institute  in  February,  1916,  to  the  best  paper  upon  this  subject  which  is 
presented  to  the  Institute  before  Nov,  1,  1915,  provided  such  paper  is 
deemed  worthy  by  the  Institute's  Iron  and  Steel  Committee. 

The  following  suggestions  are  also  added  for  the  guidance  of  those  who 
may  take  part  in  this  research.  While  it  is  not  desired  to  define  closely 
the  exact  lines  or  scope  of  the  proposed  research,  as  it  is  advisable  to  make 
these  as  broad  as  possible,  the  object  in  mind  may  be  said  to  be  generally 
as  follows: 

To  elaborate  and  find  out  the  best  methods  of  determining  the  forms  of 
carbon  in  steel  or  iron,  including  those  in  iron  alloys.  A  portion  of  the 
work  would  probably  be  a  continuation  of  the  researches  which  have 
in  the  past  been  carried  out  by  Jullien,  Abel,  Muller,  Ledebur,  T.  Sterry 
Hunt,  Akerman,  Arnold,  Stead,  E.  D.  Campbell,  Hogg,  Parry,  Upton, 
and  others. 

In  a  generic  way,  metallurgists  now  speak  of  carbides,  sub-carbides, 
double  carbides,  special  carbides,  and  other  combinations.  It  is  very 
desirable  that  these  should  be  accurately  defined  and  understood. 

It  is  also  desirable  to  know  whether  there  are  other  or  new  forms; 
if  so,  can  these  be  separated  and  their  characteristics  obtained. 

It  may  be  interesting  to  point  out  that  the  carbon  compounds  now 
definitely  known  are  stated  to  number  over  80",000,  It  is  very  probable, 
therefore,  that  there  is  room  for  much  valuable  and  useful  research  to  be 
carried  out  with  the  object  of  increasing  our  knowledge  of  the  various 
combinations  of  carbon  with  iron,  as  probably  some  of  these  are  still 
unknown. 

In  addition  to  reasearch  work  upon  particular  forms  of  carbide  which 
have  not  yet  been  determined,  it  is  also  desirable  and  necessary  to 
determine  the  state  in  which  the  carbon  exists.  For  example,  there  exists 
what  is  termed  a  "missing  form"  of  carbon,  about  which  little  is  known 
or  understood.  More  light  is  required  about  this  form,  as  for  many  years 
very  little  has  been  added  to  our  knowledge  on  this  subject.  It  would  be 
desirable,  for  example,  to  know  whether  the  carbon  not  accounted 
for  as  carbide  is  "missed"  in  consequence  of  its  being  in  so  fine  a  state  of 
division,  or  whether  it  is  present  in  some  special  form  or  condition. 

It  may  be  mentioned  as  a  general  statement  that  when  steel  is  in  the 
auatenitic  condition  it  is  softer  than  when  transformed  to  the  martensitic 
formation.  In  the  former,  the  carbon  is  considered  to  be  in  complete 
solution;  yet  steel  showing  martensitic  structure  is  said  to  contain  its 
carbon  in  complete  solution  also.  If  it  could  be  shown  that  the  marten- 
sitic formation  results  from  the  commencement  of  the  falling  out  of  solu- 
tion of  the  carbon,  this  would  be  of  great  assistance  to  all  those  who  are 
desirous  to  have  increased  knowledge  in  this  direction.  It  is  therefore 
desirable  to  know  exactly  in  what  state  the  carbon  exists  in  the  austenitic 
and  martensitic  formations. 

It  is  also  necessary,  if  possible,  to  ascertain  the  molecular  constitution 
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of  the  carbides.  Such  a  point  has  been  raised  by  the  able  American 
scientist  Prof.  E.  D.  Campbell,  and  much  important  research  work  has 
been  carried  out  by  him  with  regard  to  certain  particular  combinations 
or  forms  of  carbide.  In  other  words,  is  the  ordinary  carbide  FejC,  FejCi, 
or  is  it  some  other  combination?  If  so,  what  is  its  nature  and  molecular 
constitution? 

The  above  seems  to  be  an  outline  of  the  general  direction  which  should 
guide  those  considering  and  taking  part  in  this  research.  It  is  hoped  that 
the  results  obtained  will  throw  much  light  on  the  cause  of  the  hardness 
of  steel,  also  the  nature  and  form  of  carbon  combinations  with  iron  and  its 
alloys. 

No  special  conditions  are  imposed  as  to  the  length  of  competing 
manuscripts  (although  diffuseness  and  repetition  are  always  to  be 
avoided),  nor  as  to  the  number  of  investigators  who  may  work  together. 
No  preference  will  be  shown  to  Americana  over  invest^ators  of  any  other 
nationality,  nor  to  members  of  the  Institute,  nor  to  manuscripts  in 
English  over  those  in  another  language,  but  all  will  be  judged  upon  the 
same  terms.     All  manuscripts  must  be  typewritten. 

In  order  to  facilitate  the  researches,  every  reasonable  assistance  will  be 
given  by  the  Institute  Library  and  editorial  staff,  in  making  available  the 
results  of  previous  researches  upon  this  and  allied  subjects.  A  bibli- 
ography of  the  subject  will  shortly  be  published  in  the  Bulletin  of  the 
Institute,  and  a  copy  of  this  will  be  furnished  gratis  to  those  who  expect  to 
compete  for  the  prize.  As  far  as  possible,  copies  of  rare  publications  will 
be  loaned  from  the  Institute  Library,  and  these  loans  will  be  made  strictly 
in  order  of  application  and  for  a  limited  time  only.  In  addition  to  these 
free  services,  there  are  special  services  which  the  Library  is  accustomed 
to  render  to  members  and  non-members  for  a  moderate  fee,  which  may 
prove  helpful  to  competitors.  These  include  making  abstracts,  special 
bibliographies,  translations,  photoprint  copies,  etc. 

Further  information  may  be  obtained  from  the  undersigned, 
Bradley  Stouqhton,  Secretary, 
American  Institute  op  Mining  Engineers, 
29  West  39th  St.,    New  York,  N.  Y.,  U.  S.  A. 


VOTE  OF  THANKS  TO  SIR  ROBERT  HADFIELD 

At  a  meeting  of  the  Board  of  Directors  of  the  Institute,  held  on 
Friday,  Apr,  24,  1914  it  was  moved  by  Dr.  Albert  R.  Ledoux,  seconded 
by  Prof.  Joseph  W.  Richards,  and  unanimously  voted,  to  extend  a  cor- 
dial vote  of  thanks  on  behalf  of  the  Institute  to  Sir  Robert  Hadfield  for 
his  very  [generous  gift  establishing  the  Hadfield  Research  Prize,  and  for 
his  thus  initiating  a  movement  which  we  have  reason  to  believe  will  be 
followed  by  some  of  the  Technical  Committees  of  the  Institute;  and  it 
was  further  resolved  that  this  vote  of  thanks  be  published  in  the  B-Metin 
in  connection  with  an  announcement  of  the  prize. 
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Members  and  guests  who  roistered  at  Institute  headquarters  during 
the  period  April  1  to  15. 
Villfun  B.  McKinley,  New  York,  N.  Y 

C.  W.  Gmxialfl,  Butte,  Mont. 

D.  C  Brown,  Beui  Luis  Potosi,  Mex. 
W.  H.  ReWe,  Yonkere,  N.  Y.  H.  M.  La  FoUette,  La  Foflette,  Tenn. 
Mark  B.  Keir,  Son  FrandBco,  Cal.  B.  Flemlnz  L'Sttfla,  New  York,  N.  Y. 
H.  W.  TurDer,  San  Francisco,  Cal.  H.  GarUcha,  St.  LouiB,  Mo. 

Frank  H.  LcUnd,  Mackay,  Idaho.  Henry  Hay,  London,  England. 

Sir  Robert  Hadfleld,  London,  Eng. 

Edward  J.  Way  announces  that  his  agreement  as  consulting  engineer 
in  South  Africa  for  the  Anglo-French  Exploration  Co.,  Ltd.,  having 
terminated,  he  will  engage  in  professional  consulting  work  with  head- 
quarters at  135  CuUinan  Buildings,  Simmonds  St.,  Johannesburg,  South 
Africa. 

W.  L.  Monison  has  opened  an  office  at  Erie,  Pa.,  and  will  engage  in 
consulting  work,  specializing  in  the  design  and  installation  of  electric 
furnaces  and  electrical  equipment. 

James  C.  H.  Ferguson,  for  the  past  13  years  Pacific  Coast  SalesAgent 
of  the  Midvale  Steel  Co.,  of  Philadelphia,  baa  severed  his  connection  with 
that  company  and  is  now  the  Pacific  Coast  Representative  of  the  William 
Cramp  &  Sons  Ship  &  Engine  Building  Co.,  of  Philadelphia,  with  his 
office  in  the  Monadnock  Building,  San  Francisco. 

Edward  H.  Coxe  has  been  appointed  President  and  General  Manager 
of  the  Ideal  Block  Coal  Co.,  Lily,  Ky. 

A.  E.  Bone  has  been  elected  Chairman  of  the  Board  of  Directors; 
Knox  Taylor,  President;  and  Henry  M.  Howe  and  V.  Angerer  Vice- 
Presidents  of  the  Taylor-Wharton  Iron  &  Steel  Co.,  High  Bridge,  N.  J. 

Richard  Peters,  Jr.,  has  accepted  a  position  with  the  Producers  Coke 
Co.,  Uniontown,  Pa. 

E.  L.  Estabrook  has  accepted  an  engagement  with  F.  G.  Clapp  to 
examine  oil  properties  In  China. 


POSITIONS  VACANT 


Position  open  as  assistant  superintendent  at  a  steel  plant.  Practical 
experience  in  the  manufacture  of  crucible  and  open-hearth  steel  and 
heat  treatment  of  steel  and  alloy  steels  required.  This  position  offers 
an  excellent  future.     No.  9. 

A  company  in  Virginia  desires  a  man  with  experience  in  Western  mines 
to  act  as  superintendent  of  its  pyrite  mine.     No.  15. 

Position  open  aa  instructor  at  a  University  in  Middle  West  to  teach 
the  mechanical  side  of  mining,  such  as  hoisting,  haulage,  drilling,  and 
mine  surveying.    Salary,  11,500  to  11,800.    No.  16. 

Experienced  amalgamator  wanted  at  a  mill  in  Ivory  Coast,  Africa. 
An  American  speaking  French  preferred.    No.  18. 


.coy  Google 


viii  Monthly  Bulletin,  No.  89,  May,  1914 

ENGINEERS  AVAILABLE 

(Uader  this  heading  will  be  published  notea  sent  to  the 
.  Secretary  of  the  Institute  by  members  or  other  perBons.) 

Metallui^ist  of  18  years'  experience  in  Mexico  with  large  plants  is 
open  for  engagement.  Last  position,  superintendent  of  copper  smelting 
works.  Best  line,  copper  and  lead  smelting,  but  also  experience  in  mine 
valuation  and  ore  treatment  investigation  work.  Spealcs  Spanish. 
No.  87. 

Mining  engineer,  aged  27,  desires  permanent  position.  Six  years' 
experience  in  mine  and  development  work  in  bituminous  coal  field.  Was 
acting  superintendent  of  a  large  mine  past  winter.     No.  88. 

Member,  specializing  in  the  treatment  of  refractory  gold  and  silver 
ores,  desires  position  as  metallurgist.     No.  91. 

Member,  aged  25,  technical  graduate,  with  experience  as  engineer  and 
assistant  superintendent  of  coal  and  lead  mines,  familiar  with  concrete 
construction,  desires  position  as  engineer  or  assistant  mine  superin- 
tendent.    No.  92. 

Graduate  mining  engineer,  aged  24,  wdth  one  year's  graduate  work  in 
the  metallc^aphy  oi  iron  and  steel,  will  be  available  about  June  1  for  a 
position  in  a  steel  or  manufacturing  plant.     No.  94. 

Superintendent  with  15  years'  experience  as  mine  surveyor,  foreman, 
assayer,  superintendent  and  manager,  in  the  development  and  operation 
of  gold,  silver,  and  copper  mines,  open  for  engagement  as  superintendent, 
engineer  and  assayer,  or  assistant  superintendent.  Good  knowledge  of 
Spanish  and  10  years'  Mexican  experience.    No.  95. 

Member,  technical  graduate,  36  years  old,  married,  10  years'  ex- 
perience as  engineer  and  superintendent  in  Mexico  and  four  years'  as 
superintendent  in  United  Stetes,  desires  position  as  engineer  or  super- 
intendent.    No.  96. 


THE  INSTITUTE  FORUM 

What  does  "Maqnetic"  Mean? 

The  word  magnetic  has  several  meanings.  When  used,  as  it  usually 
is,  without  qualification  one  is  often  unable  to  tell  which  meanii^  is 
intended. 

1.  A  body  is  magnetic  which  has  power  to  attract  iron  magnetically. 
Such  is  a  lodestone  or  magnet,  either  permanent  or  not.  This  is  an 
active  sense  or  meaning  in  that  the  body  itself  does  the  attracting  or  is 
magnetic. 

2.  A  body  is  magnetic  which  may  be  made  to  attract  iron  magnetically, 
as  the  iron  core  of  an  electro-magnet  when  not  magnetized  by  the  current. 
This  is  a  potentially  active  meaning,  the  body  being  capable  of  becoming 


3.  A  body  is  magnetic  which  has  the  property  of  being  attracted  by  a 
magnet  magnetically.  Such  are  iron,  cobalt,  nickel,  magnetic  oxide  of 
iron,  magnetic  alloys,  etc.  This  is  a  passive  meaning,  the  attracting  being 
done  by  the  actively  magnetic  body. 

With  these  three  meanings  to  choose  from,  one  must  usually  make  a 
guess  based  on  previous  knowledge  as  to  which  is  the  right  one.    Would  it 
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not  be  desirable  if  the  kind  of  magnetiam  ia  mind  were  to  be  designated 
as  active,  potentially  active,  or  passive,  as  th6  case  may  be,  or  in  some 
better  way,  to  avoid  creating  doubt?  As  now  used  the  word  is  applied 
indiscriminately  to  an3'thing  and  everything  which  is  magnetic  in  any  of 
the  three  ways. 

If  the  iron  core  of  any  electro-magnet  be  claimed  to  be  magnetic 
because  of  some  residual  magnetism  it  may  possess  it  would  have  to  be 
called  feebly  mc^netic,  while  potentially  it  is  the  most  magnetic  sub- 
stance known. 

What  can  our  electrical  members  do  to  clear  the  situation? 

Henby  D.  Hibbard. 


SOITTHERN  CALIFORNU  LOCAL  SECTION 

Executive  Committee 

Theodobk  B.  Cohstock,  Chairman 

Seeley  W.  Mudd,  Vice-ChairTnan 

Fbeuehick  J.  H.  Mebrill,  Secretary-Treasurer, 

300  Germain  Building,  Los  Angeles,  Cal. 

C.  CoLcocK  Jones  Frank  Robbinb 

The  February  meeting  of  the  Southern  California  Local  Section  was 

held  at  the  headquarters  in  the  Chamber  of  Mines  and  Oil  of  Los  Angeles 

on  Feb.  17,  C.  Colcock  Jones  presiding.     Fourteen  members  were  present. 

The  subject  announced  was  Ore  Sampling.     W.  M.  Watts  opened  the 

discussion  by  a  general  outline  of  the  important  points  to  be  covered  in 

sampling  a  mine  and  the  methods  to  be  used  in  the  various  stages  of  the 

work.     All  the  members  present  successively  contributed  details  from  their 

personal  experience. 

The  March  meeting  of  the  Section  was  held  at  its  headquarters  on 
Mar.  15.  Twelve  members  were  present,  with  Dr.  Theodore  B.  Comstock 
in  the  Chair.  The  subject  announced  was  Secondary  Enrichment  and 
all  present  took  part  in  the  discussion,  Frank  Bobbins  contributing  a  short 
paper  on  some  observations  in  Central  America. 

The  next  meeting  will  be  held  on  Apr.  14,  at  which  time  the  subject 
of  Mine  Accounting  will  be  discussed. 

F.  J.  H.  Merrill,  Secretary. 


EHGINEERmG  CONGRESSES  AT  SAN  FRANCISCO,  1915 
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INTERNATIONAL  ELECTRICAL  CONGRESS,  1916 

In  offering  you  this  opportunity  to  become  &  member  of  the  Inter- 
national Electrical  Congress,  San  Francisco,  1915,  the  Committee  on 
Organization  solicits  your  interest  and  support  as  well  as  your  member- 
ship. 

There  have  been  ten  electrical  congresses  of  international  scope,  three 
of  which  have  been  held  in  America. 

The  forthcoming  Cor^ress  is  to  be  held  in  conjunction  with  the 
Panama-Pacific  International  Exposition,  San  Francisco,  1915.  The 
American  del^ates  to  the  most  recent  Congress,  that  of  Turin  in  1911, 
extended  an  invitation  to  the  Congress  to  meet  in  San  Francisco  in  1915. 
This  invitation  was  accepted,  the  necessary  authority  was  granted  by 
the  International  Electrotechnical  Commission,  and  under  the  auspices  of 
the  American  Institute  of  Electrical  Engineers  plans  for  the  Congress 
have  been  effected  and  the  organization  work  is  being  prosecuted 
vigorously. 

It  is  the  desire  of  the  Committee  on  Organization  that  ei^neers  the 
world  over  shall  promote  and  participate  in  the  success  of  this  Congress. 
To  that  end  the  Committee  pledges  its  utmost  effort  in  the  organization 
of  the  Congress  and  in  making  its  valuable  transactions  available  to  mem- 
bers upon  the  most  attractive  terms  practicable,  and  the  Committee  calls 
upon  the  electrical  engineering  profession  for  ass^tance  and  support  in  its, 
undertaking. 

Manuscripts  will  be  received  and  papers  will  be  printed  in  English, 
French,  German,  Spanish,  and  Italian.  All  papers  printed  in  languages 
other  than  English  will  be  accompanied  by  English  abstracts. 

Invitations  are  now  being  issued  to  ei^ineers  in  all  civilized  countries 
to  prepare  papers  for  the  Congress,  and  the  Committee  on  Program  will 
be  glad  to  consider  any  papers  which  may  be  offered,  acceptance  of  such 
papers,  however,  being  contingent  upon  the  usual  considerations  and  upon 
the  space  limitations  of  the  transactions. 

The  Committee  on  Organization  extends  to  all  engineers  who  are 
affiliated  with  engineering  and  scientific  societies  of  standing,  an  invitation 
to  apply  for  membership  in  the  International  Electrical  Congress. 

The  membership  fee  is  $5  (New  York  Exchange),  which  entitles  the 
member  to  the  privileges  of  the  Congress,  to  the  general  index,  and  to  a 
choice  of  any  four  of  the  Section  volumes  of  the  Transactions.  By 
payment  of  $1  the  vol  mes  ordered  will  be  delivered  without  further 
expense  to  the  member,  and  by  additional  payment  of  50  cents  a  volume 
they  will  be  bound  in  cloth.  Additional  volumes  may  be  had  at  $1 
each,  bound  in  paper,  or  at  $1.50  each,  bound  in  cloth,  and  the  entire  set 
of  (probably)  thirteen  volumes  will  be  delivered  for  f  11  if  bound  in  paper, 
or  for  116  if  bound  in  cloth.  (Membership  fee  included.)  Upon  elec- 
tion to  membership  and  receipt  of  payment,  a  membership  card  will  be 
issued  bearing  upon  its  reverse  side  receipt  for  payment  and  statement 
of  the  volumes  of  transactions  which  have  been  chosen  by  the  member. 

The  meetings  of  the  1915  Congress  will  be  divided  into  twelve  Sections 
and  there  will  be  (probably)  thirteen  volumes  in  the  complete  set  of  its 
transactions,  as  follows: 
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2.  Apptratns  Design. — GenerKtocs,  motors,  and  traneformere.  The  rating  of 
machinery. 

3.  Electric  Tractioii  and  TnuiBportation. — Cit^,  surface,  and  rapid  trsjiait  railways; 
interurban  and  trunk  lines;  electrio  vehicles,  ship  propulsion,  mining  railways,  elevo' 
ton,  and  hoists. 

4.  Electric  Paver  for  Industrial  and  Domestic  Use. — Factories,  mills,  refrigeration, 
beating  devices,  eto. 

5.  Lifting  and  Qltunliution. — Arc  and  incandescent  lighting;  the  science  and  art 
of  illummation. 

6.  Protective  Devices;  TrantfentB.— Switches,  circuit  breakers;  condensers;  elec- 
trostatics; disruptive  phenomena;  high^requency  phenomena. 

7.  Blectrochemlstrj  and  Blectcometallurg;. — Electrolytic  and  metallurgical  appa- 
ratus and  processes. 

8.  Tolegrapbv  and  Telephony. — (a)  All  eommunication  of  intelligence  by  the  use 
ot  wires.      (6)  Electromagnetic  waves  and  radiotelegraphy  and  telephony. 

9.  Electrical  Instruments  and  Electrical  Measurements. — Switcnboard,  portable, 
Btandard,  and  absolute  instruments.     Testing  and  standajiliEation  methods;  absolute 


10.  Central  Station  Bconomlcs.^Load  factoni,  power  factors,  measurement  of 
maximum  demand  and  all  problems  affecting  the  economy  of  central  stations;  also 
rates,  their  regulation  and  legislation. 

11.  ElectrophysicB. — Radioactivity;  ROntgea  rays;  gas  and  vapor  conduction; 

electron  theory;  constitution  of  matt^,  etc. 

12.  HisceUaneouB. — Such  as  history  find  literature  of  electrical  engineering;  sym- 
bols and  nomenclature;  engineering  education  and  ethics. 

13.  General  Congress  Proceedings, 


INTERWATIONAt  ENGINEEMHG  CONGRESS,  1916 

The  attention  of  all  ei^neers  is  called  to  the  International  Engineer- 
ing Congress  to  be  held  in  San  Francisco  in  1915  in  connection  with  the 
Panama-Pacific  Exposition,  under  the  auspices  of  the  American  Society 
of  Civil  Engineers,  American  Institute  of  Mining  Engineers,  American 
Society  of  Mechanical  Engineers,  American  Institute  of  Electrical 
Engineers,  and  the  Society  of  Naval  Architects  and  Marine  Engineers. 

The  sessions  will  be  held  in  11  sections  and  the  proceedii^s  will  be 
published  in  10  volumes  of  about  500  pages  each,  with  a  somewhat  smaller 
volume  containing  all  general  proceedings  and  an  index  digest  of  all 
papers. 

All  persons  interested  are  invited  to  become  members  whether  or  not 
they  may  be  able  to  attend  the  Congress. 

The  membership  fee  of  S5  will  entitle  holder  to  the  volume  of  general 
proceedings  and  index  digest  and  to  any  other  single  volume  according 
to  choice.  Other  volumes  may  be  subscribed  for  according  to  a  sliding 
scale  depending  upon  the  number  of  volumes  taken. 

Tbe  American  Institute  of  Mining  Engineers  is  an  underwriter  to 
the  general  guarantee  fund  for  the  necessary  expenses  of  the  Congress. 
Prompt  action  on  the  part  of  members  in  sending  in  their  subscriptions 
to  membership  in  the  Congress  will  aid  effectively  in  carrying  on  the 
necessary  preliminary  work  without  further  present  financial  demands  on 
the  Institute  for  this  purpose. 

The  Committee  of  Management  of  the  Congress  therefore  specially 
requests  all  members  of  the  Institute  to  respond  promptly  with  their 
subscriptions. 
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EMMONS  VOLUME  ON  ORE-DEPOSITS 

A  continuation  of  Ike  "Posepny"  Volume 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  with  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a.  Biographical  Notice  of  Dr.  Emmons  by  his  associate  and 
friend.  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
hia  editorial  work  and  written  his  Introduction  before  bis  lamented  death 
in  1910;  and  the  Volume  contains  his  last  words  upon  the  subject  to 
which  he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  re- 
garded as  the  foremost  authority. 

Contents 

Oeneais  of  Certaiu  Ore-DepodtB.     By  S.  F.  EuHOHB. 

Structunl  Relstioiu  of  Ore-Depoats.     By  S.  F.  Ehuohs. 

OeoloEiciil  Distribution  of  tbe  Uaedil  Metala  in  the  United  SU>(«.     By  S,  F.  Emmohb.     DiBeunion,  by 

JoBN  A.  Cbubch.  Abteur  WiHSLOW,  3.  F.  Ehkohb.  and  Wiluah  Hauiltoh  MiRRtTT. 
TonionBl  Theory  of  Joiatf.     By  Oboboi  F.  Bicebb.     Dbciunon,  by  R.  M.  HowK,  R.  W,  Ratuohd, 

C,  R.  BOTD,  BDd  Oboroe  F.  Bicibe. 
AUDtropism  gt  Gold.     By  H«hbi  Lonui. 

Supsrfid&l  Alteration  ol  Ors-Deposita.     By  R.  A.  F,  Pbnbobk.  Jb. 
Some  Mines  of  RosiU  t.ad  SUrer  Cliff,  CaloradD.     By  S.  F,  EuMOHS. 
Gfloeeb  of  Certsia  Auriferoui  Lod».     By  John  R.  Dok.     DiKuuion.  by  Josbfh  Lb  Conte,  S.  F. 

EuuoKi.  a.  F.  Becbeb,  Abtbub  Wimslow.  W.  P.  BuBK,  and  J.  R.  Doh. 
Inauenos  of  Country-Rock  on  Mineral  Vains.     By  Wiltes  H*bvbi  Wbbd. 
iKoeouB  Rock*  «nd  CSrculKtJnB  Watc™  u  Faoton  in  Ora-Depoidtion      By  J.  F.  Kxur. 
Coiuideration  of  Igneoiu  Rockn  and  Their  BesiegaUon  or  DiHeienti&tion  m  Related  to  ths  Occurrence 

of  Orea.     By  J.  E.  Spubb.     Diaciusion,  by  A.  N.  Wihcbell. 
ChemiBtiy  of  Ore-EtepoaittoD.     By  Wilteb  P.  Jkhhbt.     Dieciusion,  by  JOHH  A.  Chdbcb. 
Ore-DepositB  nmr  Ignoous  Cont»ct«.     By  Waltbb  Hahvbt  Weed,     Discussion,  by  W.  L.  Adstin. 
Ore-Depootion  and  Vein-EnriFhment  by  Aseendinc  Hot  Waters.     By  Waltbb  Habvet  Wbbd. 
Basaltio  Zones  as  Guides  to  Ore-OBpositB  in  the  Cripple  Creek  District.  Colorado.     By  E.  A.  Stevbhb. 
Geolocial  Featurta  of  the  Gold-Production  ot  North  Amgrioa.     By  W.  Lihdqben,     Disouaaon,  by 

W.  G.  MiLUB  and  W.  L.  Adstih. 

Ore-DepoaiW  of  Sudbury,  Onmrio.     By  Cbableb  W.  Dickson. 

Genean  of  the  Coppei~DepoaiM  of  CUftoB-Morenm.  Aiisona.     By  W.  Lindobbh. 

Coppei^Deponta  at  San  Joss,  TsmsuUpas,  Mexico.     By  J.  F,  Keuf. 

Magmatie  Origin  of  VeiD-FonmnB  Waters  in  Southeastern  Alaska,     By  A.  C.  Sferceb. 

Genetic  Relations  af  the  Western  Nevada  Ore*.     By  J.  E.  Sfubb. 

Are  the  Quarts  Veins  of  Silver  Peak.  Nsvsda,  the  Result  of  Magmatio  SegregationT    By  I.  B.  Haitihob. 

Ocaurrence  of  Stibnile  st  Steamboat  Sptioge,  Nevada.     By  W.  LmnaBBH, 

Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studios  of  the  IroD-BsatiDg 

Scries.     By  C.  K.  Lkitb. 
Geologioal  Relations  of  the  SoBcdinavian  Iron-Ores.     By  H.  SjoaBBN. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.     (With  SuppJementary  Paper.)     By  Qeoboi  J. 

Bamchoft. 
Distribution  of  ths  Elements  in  Ignsous  Rooks.     By  H.  8.  Wabhinotoh. 
Agency  of  Manganese  in  ths  Superfidal  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.     By  W.  H.  EuuoHe. 

Bibliography  of  the  Science  of  Ore-Depoaits.     By  1.  D.  Ibvino,  H.  D.  Suits,  and  H.  Q.  Febodboh. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  $5;  in 
half-morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on 
Ore-Deposits,  bound  in  cloth,  $8;  in  haJf-morocco,  110. 

READY  FOR  DISTRIBUTION 
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LIBRARY 

Ahebican  Institute  of  Electbical  Enoineers 
Ahebican  Society  of  Mechanical  Enoineehb 
American  Institute  of  Mining  Enginebhs 
United  Enginbebinq  Society 

WiLLiAH  P.  CuTTEH,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week  days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.h.  to  6  p.u.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining  maps, 
and  to  furnish  general  information  aa  to  the  geology  and  mineral  resources 
of  all  countries. 

M\  communications  should  be  made  as  definite  as  po^ible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Libbary  Accbbsions 

New  Boobs  on  Mining 

AcnoK  OP  Aero  Mine  Water  on  the  Insulation  op  Electric  Condcctorb. 
Tech.  Paper  No.  68,  U.  8.  Bureau  of  Mines.     Washington,  1913. 

Imflamuablb  Gabbs  in  Mine  Air.  Tech.  Paper  No.  39,  U.  S.  Bureau  of  Mines. 
Washington,  1913. 

Perkibbible  Exflobiveb  Tested  Prior  to  Jan.  1,  1914.  Tech.  Paper  No.  71, 
U.  S.  Bureau  of  Mines.     Washington,  1914. 

Saupunq  and  Examination  of  Mine  Gases  and  Natural  Gas.  Bull.  No.  42, 
V.  8.  Bureau  of  Mines.     Washington,  I9I3. 

Treatise  on  thb  Aiiebjcan  Law  Relating  to  Mines  and  Mineral  Lands. 
Ed,  3  VoU.  1-3.     By  C.  H.  Lindley.     San  Francisco   1914.      (Gift  of  Author.) 

[Note. — The  first  edition  of  this  boolt,  published  in  1897,  was  eagerly  taken  by 
Ae  public.  A  second  edition,  thoroughly  revised  and  largely  rewritten,  nppeared  in 
1903.  Three  years  later,  stereotype  t»lates  of  the  book,  and  the  stock  of  copies  on 
Wd,  were  destroyed  in  the  conflagration  attending  the  San  Francisco  earthquake  of 
I90S.    But  the  author  refused  to  have  it  reprinted  without  further  amplification,  and. 
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after  the  lapse  o!  eight  years,  he  now  presents  a  third  and  final  edition,  moluding  the 
numerous  and  important  judicial  deoisione  rendered  since  1903,  as  well  aa  the  new 
statutes  enacted  during  that  period.  The  work  comprises  three  volumes,  containing 
2,812  pages,  and  presenting  in  ita  logical  arrangement,  table  of  oontenta,  list  of  cases, 
and  full  analytical  index,  a  model  of  completeness  and  convenience,  whether  for 
perusal,  for  study,  or  for  oooaaional  reference.  It  would  be  foolish  to  compare  this 
work  with  others  in  the  same  field.  As  was  once  said  of  the  yacht  "America"  in  a 
notable  international  race,  Ltndley  is  first — and  there  is  no  second.  This  verdict 
oSends  nobody;  for  even  the  authors  of  smaller  treatises  on  the  subject  cordially 
reocmUEe  bis  book  as  a  thesaurus  of  information  and  an  authority  never  to  be  euper- 
sedra.  To  the  Engineering  and  Mining  Journdi  of  Apr.  18,  1914, 1  have  contrib~ 
uted  a  more  extended  review  of  this  book.— R.  W.  R.] 

New  Books  on  Metallurgy 

DiB  VuKOKUNd  DBR  Stbinkohlk  bki  NIKDEKBE  Temperatob.  Sammlung  Berg 
und  HUttenm&nnischer  Abhandlungen  pt.  138.  'Kattowits,  1913. 

DssTAira  or  Ctanidb  Practice,  By  Herbert  A.  Megraw,  McGraw-Hill  Book 
Co.,  New  York,  1914.     (Gift  of  Publisher.)     Price  %2. 

[Note. — This  is  another  of  the  useful  books  made  by  compiling  articles  in  the 
Engineering  and  Mining  Jovmal,  only,  unlike  most  of  its  predecessors,  it  is  (with  the 
exception  of  a  single  chapter)  the  work  of  a  single  contributor.  The  author,  a  member 
of  the  editorial  staff  of  the  Journal,  already  known  through  his  Practietd  Data  for  the 
Cyanide  Plant,  here  records  the  results  of  a  tour  among  the  cyanide-mills  of  North 
.unerica,  giving  frankly  his  own  observations  and  opinions  of  existing  practice.  The 
superiority  of  such  a  review  over  a  symposium  of  different  critics  is,  that  all  the  descrip- 
tions bear  the  impress  of  one  mind ;  contain  similar  data,  similarly  weighed  and  judged ; 
and  can  therefore  be  compared  with  intelligence  and  ease.  Thebook  contains  notes  of 
plants  and  methods  in  the  Cobalt  and  Porcupine  districts  of  Canada,  the  Black  Hills 
of  South  Dakota jTelluride  and  Cripple  Creek,  Colo,:  Ton opah,  Fairview,  and  Wonder, 
Nev.;  Republic,  Wash. ;  Grass  Valley  and  Black  Oak  Cal. :  and  Gold  Road,  Oatroan 
and  Wickenburg,  Ariz.  Numerous  criticisms,  evoked  by  tne  articles  when  they  were 
first  published,  are  given  in  the  teict,  which  ia  also  illustrated  with  views  of  works  and 
diagrams  of  flow-sheets.— R.  W.  R.] 

Electric  Switches  pok  Use  in  Gaseodb  Mines.  Bull.  No.  68,  U.  8.  Bureau  of 
Mines.    Washington,  1913. 

Elbctbo-^bbrmal  Methods  or  Iron  and  Steel  Proditction.  By  J.  B.  C. 
Kershaw,  with  an  introduction  by  J.  A.  Fleming.    London,  1913. 

Report  or  tbb  Tests  of  Metala  and  Other  Materials,  U.  8,  Ordnance 
Department.     Washington,  1913. 

New  Books  on  Geology  and  Mineral  Production 

loNBOUB  Rocks  and  Tbeir  Origin,     By  R.  A.  Daly.    New  York,  1914. 

Map  OF  THE  KoLAR  Gold  Field.  Bangalore,  1914.  (Gift  of  Mysore  Geological 
Department.) 

New  Zealand  Official  Yeah  Book,  1913.  Wellington,  1913.  (Gift  of  New 
Zealand  Government  Sutistician.) 

Oil  Fields  of  Crawford  and  Lawrence  Counties,  with  Maps.  Bull.  No.  22, 
Illinois  8tate  Geological  Survey.     Urbana,  1913. 

The  Middlesex  and  Mount  Claude  Mining  Field,  with  Maps.  Bull.  No.  14, 
Tasmania  Geological  Survey.    Tasmania,  1913. 

Statistics  of  the  Mineral  Production  of  Alabama  for  1911,  1012.  Bull. 
No.  13,  14,  Alabama  Geological  Survey.     University,  1913. 

Argentine  Repttblic.  Minibtero  de  Aoricultura.  Memoria  Ministerial  de 
1912.     Buenos  Aires,  1913. 

Las  Vetas  con  Magnetita  (Martita)  y  laa  de  Wolframita  de  la  pendiente  oc- 
cidental del  Cerro  del  Morro.     Boletin  No.  3.     Buenos  Aires,  1913. 

Investigaciones  bidrogeol6gicas  de  los  valles  de  ChapaIcA  y  QuehuA  y  sua 
abededores.     Boletin  No.  4.     Buenos  Aires,  1913. 

Informe  Preliminar  sobre  un  Viaje  de  Investigacifin  Geologica  a  las  Provinciaa 
de  Enbe  Rios  y  Corrientes.     Boletin  No.  5.    Buenos  Aires,  1913. 

Apuntes  Hidrogeologicos  sobre  el  Sud-Este  de  la  Provincia  de  Mendoia. 
Boletin  No.  6.    Buenos  Aires,  1913. 
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New  Books  on  Non-Metallic  Minerals 

Lt  SiucE  ET  LES  Silicates.  By  Henry  Le  Chatelier.  Paris,  1914.  (Gift  of 
Author.) 

[Note. — An  extensive  monograph  by  sn  Bonorary  Member  of  the  Institute,  in 
which  are  collected  not  only  facta  about  natural  Hiliea  and  silicates,  but  data  as  to  the 
chemie^  and  physical  properties  of  glass  and  pott«ry. — W.  P.  C.) 

Mui>-Laden  Fluid  Applied  to  Well  Driluno.  Tech.  Paper  No.  66,  U.  S. 
Bureau  of  Mines.     Washington,  1913. 

tUDiim,  Its  Peodtjction  and  Usbb.    By  Sydney  Fawns,    London,  1913. 


Company  Reports 

BaoEKK  Hill  Profribtart  Co.  Reports  and  Statements  of  Account  for  half 
year  ending  Nov.  30,  1913.     Victoria,  1913.     (Gift  of  Company.) 

Bhoeen  Hill  South  Silver  Mining  Co.  Reporta,  Statements  of  Accounts,  for 
half  year  ended  Dec.  31,  1913.     Melbourne,  1913.     (Gift  of  Company.) 

GoLDPtELD  Consolidated  Mines  Co.  Annual  Report,  7tti,  1913.  Goldfield, 
1913.    (Gift  of  Company.) 

Fbelpb,  Dodoe  &  Co.  Annual  Report,  1913.  New  York,  1913.  (Gift  of  Com- 
pany.) 

Trade  Catalogues 

CaxcAOO  Pneumatic  Tool  Co^  Chicago,  HI. 

Bulletin  No.  151.    "Chicago  Slogger"  drills.     Feb.,  1914. 

BiiUetin  No.  152.     "Chicago  Gatlmg"  drills,     Feb.,  1914. 

BuUetin  No.  153.    "Chicago  Sinker."     Feb.,  1914. 

Bulletin  No.  164.     "Chicago  Stoper."     Feb.,  1D14. 

Bulletm  No.  172.    No.  5  Chicago  Plug  and  Feather  Drill.    Feb.,  1914. 
Cbicaoo  Steel  Tape  Co.,  Chicwo,  HI. 

Descriptive  circular  of  Chicago  steel  tape. 

Descriptive  drcular  of  Architects'  and  builders'  rod. 

Descriptive  curcutar  of  Chicago  leveling  rod. 

Descriptive  circular  of  Farmers'  and  drainage  rod. 

Descriptive  circular  of  La  Crosse  leveling  rod. 

Descriptive  circular  of  Mining  leveling  rod. 

Descriptive  circular  of  Self -computing  leveling  rod,  Style  "  M. " 

Descriptive  circular  of  Utility  leveling  rod. 
Deister  Magkinb  Co.,   Fort  Wayne,   Ind.    Catalogue  describing  concentrating 

machinery.     1914. 
Desyer  Fire  Clat  Co.,  Denver,  Colo. 

Case  metallurgical  furnaces.     1914. 

Blcctroscope  for  determining  radio-activiW. 
DraeoebOxtoen  Apparatus  Co.,  Pittoburg,  Pa.   Description  of  Draeger  Self -rescuer. 
RuuSET  &  Co.,  I/ro.,  Seneca  Falls,  N.   ¥.     Rumsey  power  pumps  for  industrial 

Sahpord-Dat  Iron  Works.  Knoiville,  Tcnn.     "Whitney"  roller-bearing  trucks. 
Spabta  Iron  Works  Co.,  SpariA,  Wis.    Sludge  bucket.     April,  1914. 
Sdpplee-Bidolb  Hardware  Co..  Philadelphia,  Pa.     Bull.,  March,  1914.     Monel 

SmoHs  Brothbrb  Co.,  Chicago,  HI.    Pulsating  screen. 
Trent,  T.  C.  Enoinberino  Co.,  Los  Angeles,  Cal. 
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MEMBERSHIP 

New  Meubbrs 
The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Mar.  10  to  Apr.  10,  1914. 


ing. . 


Members 

1416  Weatminster  BIdg.,   Chicago,  III. 

Clbveland,   Sampler Morenci,    Arii. 

CAVxita,   TaouAS   Willakd,    Met Copperhill,    Tenn. 

Clapf,  Charles  H.,  Geol Univ.  of  Arizona,  TucsoDLAris. 

Clark,  pATEiCKT.,Pre8 Bullwhacker  Mine,  ^okaae,  Wash, 

CoMSTOCK,  Hahht,  Miniag Mineville,  Essex  Co.,  New  York. 

Cooke,  Joseph  H^  Gen.  Mgr Mono  Dev,  Co.,  GiaDom,  Tooele  Co.,  Utah. 

Cooper,  Dexteb  P^  Civ.  and  Hyd.  Engr 101  Park  Ave.,  New  York,  N.  Y. 

DbGolteh,  E.  L.,  Geol Apartado  269,  Tampico,  Mexico. 

Dbbhates,  Ernest  F^,  Mine  Foreman Balay,  N.  M. 

DoooLABS,  William  CaAwroRn,  Min.  Engr 107  Leonard  Hotel,  Butte,  Mont. 

Downs,   Fletohbh  Gaudneb,   Min.  Engr„  Topographical  Surveyor   Instituto 

de  Geologia  y  Perforaciones,  312  Calle  Washington,  Montevideo,  Uruguay. 
Dbesser,   John   Alezuincer,   Geol^   Mgr.,   Lands   Dept^   Algoma   Central   ft 

Hudson  Bay  Railway,  Sault  St.  Marie,  Ont.,  Canada. 
Faulkner,  Robebt,  Asst.  Sunt.  Iron  Ore  Concentrator,  Pa.  Steel  Co.,  Lebanon,  Pa. 
Fischer,  SiEorRiED,  lastr.  ot  Met.,  Lehigh  Univ., 

313  Cherokee  St.,  So.  Bethlehem,  Pa. 
Flbtchek,  a.  R.,   Min.  Engr.,  Gate  John    Fletcher,  4    Hospital   St., 

C.  P.  R.  Telegraphs,  Montreal,  Canada. 
FooTE,  George  Clabk,  Itesident  Director,  Witherbee,  Sherman  Co., 

Port  Henry,  N.  Y. 

GowinOlFrederick  A.,  Min.  Engr 234  Carmel  Ave.,  Piedmont,  Cal, 

Grace,  William  L     Iron  Ore  Work 100  N.  8th  St.,  St.  Louis,  Mo. 

Grbenwat,  John  Caupbell,  Gen.  Mgr Calumet  &  Arizona  Co.,  Warren,  Aris. 

HiLBENE,  Hans,  Met.  Dir.  der  Fried.  Krupp  A.  G.,  Esaen,  Friomeraheim,  Germany. 

HorFER,  Allen,  Sunt.  Furnace 645  King  St.,  Pottstown,  Pa. 

KArrER,  Stephen  L.,  Min.  and  Met Elsqueda,  Son,,  Mexico. 

Kemp,  James  Taylor,  Met.,  Concentrator  Foreman,  261  Columbia  Ave., 

Palmerton,  Pa. 
Kohl,  R.  William,  Jr.,  Chief  Eogr.,  Spanish-American  Iron  Co., 

Santiago  de  Cuba,  Cuba. 
Kraeuer,  Frank  Joseph,  Asst.  to  Supt.,  Spanish-American  Iron  Co.,  Felton, 

Oriente,  Cuba. 
LiNDBMUTH,  Lewis  B.,  Asat.  Supt.,  Open  Hearth  Dept.,  Penn.  Steel  Co^ 

Steelton,  Pa. 

Lton,  Frederick,  Min.  Engr P.  0.  Box  385,  Boston,  Mass. 

McQtriGO,  Chaslbs  Ellison.  Teacher State  C<^^,  Pa, 

MoRY,  Samdel  Albert,  Land  and  Mining  Engr,  and  Draftsman, 

Box  56,  Harmon  Bldg.,  London,  Ky. 
Mxn'ESoN,  W.  G.,  Min.  Geol.  and  Pet.  Engr.,  Dept.  Geology,  Lehigh  Univ., 

So.  Bethlehem   Pa. 

Nason,  Stanley  Lewis,  Mill  Foreman Mineville,  Essex  Co.,  New  York. 

Neill,  Charles  Patrick,  Chairman  Labor  and  Safety  Com.,  Amencan 

Smelting  &  Refining  Co.,  165  Broadway,  New  York,  N.  Y. 

NoRCROSB,  Fred  Stephenson,  Jr^^  Min.  Engr Greenwood,  B.  C 

Oatman,  Pranxlyn  William,  Min.  Engr 2428  College  Ave.,  Berkeley,  Cal. 

Parsoks,  AkthurC,  Chief  Chem Lackawanna  Steel  Co.,  Buffalo,  N.  Y. 

Pahbons,  Flotd  W.,  Editor  Coal  Age 505  Pearl  St.,  New  York,  N.  Y. 

PiCKRELL,  EuQBNE  R.,  Met.  Chcm.  and  Assayer,  566  W.  162nd  St.,  New  York,  N.  Y. 

Robertson,  John  Ferguson.  Smelter  Supt Coniston,  Ont.,  Cknada. 

RoBK,  Frank  Curtis,  Min.  Engr.,  Mine  Supt.  Moose  Mt.,  Ltd.,  Sellwood,  Ont., 

Canada. 
Savage,  Harlow  D American  Arch  Co.,  30  Church  St.,  New  York,  N.  Y. 
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Seoguaak,  John,  Met.  &nd  Cong.  Engr.,  I^ime  Weeteni  Spelter  Co., 

Martins  Ferry,  Ohio. 
Small,  Hob&tio  Letxrbtt,  G«o1,,  Care  The  American  CodbuI,  Rio  de  Janeiro, 

BrftEiJ,  S.  A. 

Smcbr,  H.  N.,  Met.  Engr 30  Church  St.,  New  York,  N.  Y. 

SwAHVA,  G.  L.,  Miner Treadwell,  Alaska. 

SwBENT,  Habrt  p.,  Min.  Engr Care  The  Thomas  Iron  Co.,  Wharton,  N.-J. 

Swot,  Tbxodobe  Van  Klzeck,  Min.  Engr Mincville,  Eeaex  Co.,  N.  Y. 

Taooart,  Arthur  F.,  Asst.  Prof,  of  Min.  Engrg,,  Sheffield  Scientific  School, 

Yale  Univ.,  New  Haven,  Conn. 
Topping,  John  A.,  Chairman,  Republic  Iron  A  Steel  Co.,  17  Battery  Place, 

New  York,  N.  Y. 

VanCaupen,  Peank  Rumbet  Mar Bestson  Copper  Co.,  Latouche  Alaska. 

Walker,  Leland  Abthuh,  Mill  Foreman Rye  Valley,  Baker  Co.,  Ore. 

Watebhottbe.  Georoe  B.,  Met.  Engr Lackawanna  Steel  Co.,  Buffalo,  N.  Y. 

Weinberg,  Geobob  Semen,  Min.  Engr.,  Kirpitchny  Pereoulok  No.  1, 

St.  PeterHburv,  Russia. 

Webnecke,  Livingston,  Min.  Engr 4546  18th  Ave.,  N.  E,,  Seattte,  Wash. 

WmTB,  David,  Geol U.  S.  Geological  Survey,  Washington,  D.  C. 

WoLPABD,  Mbbl  Rubkin,  Inetr.  Mech.  Engr..  . .  29  Everett  St.,  Cambridge,  Maaa. 

Associate  Manbere 

Bartholomew,   William  Fayettb,  Broker 60  Congresa  St.,   Boston,  Mass. 

Shafpbr,  William  Barbeb 152  South  Broad  St.,  Nazareth,  Pa. 

Van  Renbselaeb,  Arthitb  Mason 715  Ocean  Ave.,  New  London,  Conn. 

Junior  Members 

BEHBB.HBNBvADonBT,  Student 370  Temple  St.,  New  Haven,  Conn. 

Cole,  Robebt  J.,  Student 207  W.  Park  St.,  Butte,  Mont. 

Downs,  T.  Watbon,  Student 3rd  and  Conestoga  Sts.,  Steelton,  Pa. 

DuNBAB,  DoDOLAs  MacDonald,  Student,  326  Wyandotte  St.,  So.  Bethlehem,  Pa. 
Pbotielleb,  Raymoimd  J.,  Student 1221  3rd  St.,  N.  Oatasauqua,  Pa. 

Charige  of  Status— AssocuUe  to  Member 

8mpp,ELLBWOBTuMALTBY 2  Rector  Street,  New  York,  N.Y. 

Stewart,  Jddd 165  Broadway,  New  York,  N.  Y. 

Candidates  foh  Membership 
The  following  persons  have  been  proposed  during  the  period  Mar.  10 
to  Apr.  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  pubhshed  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  commu- 
□ications,  favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  {varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of  such 
communications,  before  any  action  upon  these  names  by  the  Committee. 
After  the  lapse  of  this  period,  the  Committee  will  recommend  action  by 
the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Harold  WalUce  Aldiich,  Anaconda,  Mont. 

Proposed  by  E.  P.  Mathewson,  C,  D.  Demond,  Frederick  Laist. 

Bom,  1884,  South  DakoU.  1898-1902,  East  Denver  High  School.  1902-06, 
Colorado  School  of  Mines;  E.  M.  1900,  Three  months  as  Solution  Man,  Black 
Mountain  Min.  Co.,  Magdalena,  Son.,  Mexico.  1906-07,  Nine  months  as  Assayer 
tor  Langridge  Cyanide  Plant,  Boulder,  Colo.  1907-13,  Asst.  Testing  Engineer  and 
Chemist  for  Anaconda  Copper  Min.  Co^  Anaconda,  Mont. 

Present  poeitiou:  Supt.  of  Leaching  Plant,  Anaconda  Copper  Min.  Co. 
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Herbert  H.  Bacon,  Saa  Francisco,  Cal. 

Proposed  by  Ralph  Arnold,  W.  R.  Hamilton,  Robert  B.  Moran. 

Bora,  1867,  Greenwich,  N.  J.  Public  and  Private  gchoola.  1881-82,  Weattown 
Boarding  School,  Westtown,  Pa.  1889-93,  B.  D.  Wood  &  Co.,  Philadelphia.  1893- 
95,  MfgTB.  Mutual  Fire  Ins,  Co.,  New  York.  1896-1903,  Inepector  and  Adjuster, 
various  Fire  Ins.  Cos.  of  New  York  City.  1903-07,  Banking  Busineaa.  1907-10, 
Devitt  Tremble  &  Co.,  bankers,  Chicago.  1910-14,  Ford,  Bacon  &  Davis,  Engineers, 
New  York  Citj;. 

Present  position:  Engaged  with  Ford,  Bacon  &  Davis  of  New  York. 

Pi«rre  Francois  BUek,  Bolivia,  S.  A. 

Proposed  by  H.  F.  Grondijs.     (Two  more  signatures  required). 

Born,  1880,  Rotterdam,  Holland.  1893-98,  General  education  at  the  "Hoogera 
Burgerschool"  at  Rotterdam.  1898-1903,  Technical  education  at  the  Polytechnische 
School,  Delft,  Holland,  with  temporary  stay  at  the  Technical  Univ.  at  Clausthal, 
Germany,  1903,  Grad.  as  Mining  Engineer.  1903,  Aast.  in  Crystallography  and 
Mineralogy  at  the  Polytechnische  School  at  Delft.  1904-06,  Professor  in  Chemistry 
at  the  Naval  School  at  Valparaiso,  Chile.  1907,  Manager  of  the  Compania  E^ata- 
niferade  Berenguela,  seat  at  Santiago,  mines  in  Bolivia  at  Berenguela.  1908,  Mgr.  of 
the  Empresa  Minera  de  Japo,  at  (biiTo. 

Present  position;  1909  to  date,  Mgr.  of  the  tin  and  silver  mill  at  Machacamarca, 
of  the  Oia.  Nfinera  Oruro,  Santiago. 

Edward  Browning,  Cornwall,  Pa. 

Proposed  by  Harmon  Sender,  William  Lloyd  Wolfe,  B.  £.  McKechnie. 

Born,  1886,  Camden,  N.  J.  1900-04,  Episcopal  Academy.  1904-08,  Yale, 
Sheffield;  B.  S.  1909-11,  Rand  Mines,  T.  I^ne  Carter,  French  Rand.  Mayer 
Bradford,  W.  W.  Mein,  Robinson  Gold  Mine.  W.  I.  Honnold,  Brakpans  Mines. 
Rareris  Mines,  Butte,  Mont. 

Present  position:  Asst.  to  Supt.,  Cornwall  Ore  Bank  Co.,  Cornwall,  Pa. 

DeNard  Wilson  Buckly,  Wallace,  Idaho. 

Proposed  by  Rush  J.  White,  John  Gillie,  B.  R.  Putnam. 

Born,  1877,  PhUadelphia,  Pa.  1896,  Philadelphia  Central  Hitch  School.  1898, 
Cornell  Univ.,  Certificate  of  Proficiency  in  Chemistry.  1901,  School  of  Mines, 
Univ.  of  Mo.;  B.  S.  1901,  Smelterman,  Arisona.  1901-02,  Millman,  Montana, 
Madison  Co.  1902-06,  Assaying  and  Smelting,  Butte,  Mont.  1906,  Engineering, 
Bingham,  Utah,  1907-10,  AsaayinK,  Butte,  Montana.  1910-11,  Experimental 
work  in  smelting  in  New  York  City  and  Great  Falls,  Mont.  1911-13,  Experimental 
work  in  milling,  Mullan,  Idaho. 

Present  position:  Mill  Supt.,  Stewart  Mining  Co.,  Wallace,  Idaho. 

Curtis  Fairbalm  Burt,  Bingham  Cuij'on,  Utah. 

Proposed  by  W.  A.  Barnes.  H.  D.  Kmney,  George  O.  Deshler. 
'   Born,  1889.  8t.  Ignace,  Mich.     1908,  Erie  High  School,  Erie,  Pa.     1906-07,  Culver 
MUitary  Academy,  Culver,  Ind.     1913,  B.  S.,  E.  M.,  Michigan  College  of  Mines. 
190S-10,  Practical  underground  work,  Quinoy  Mining  Co.,  Hancock,  Mich.     1912, 
fS^ctical  underground  work,  Oliver  Minmg  Co.,  Ishpcming,  Mich. 

iS'esent  position:  1913  to  date,  Engineer,  Highland  Boy  Mine,  Utah  Cons.  Mining 
Co.,  Bingham  Canyon,  Utah. 

Scott  David  Gallawey,  lola,  Kansas. 

Proposed  by  Durward  Copeland,  H.  A.  Buehler,  G.  H.  Cot. 

Bom,  1889,  Nevada,  Mo.  1906,  Grad.  Kemper  MUitary  School,  Boonville,  Mo. 
1906-08,  Missouri  State  Univ.,  Engmeering,  Columbia,  Ma.  1903-09,  Rolla  School 
of  Mines,  Rolla,  Mo.  1910-11,  Mich.  Univ.,  Engineering,  Ann  Arbor,  Mich.  1911- 
12,  Grad^ Rolla  School  of  Mines;  B.  S.  190d-10,  Chemist,  United  Kansas  Portland 
Cement  Co.,  lola,  Kan.  1912-13,  Custom  Assayer,  and  Surveying,  Nevada,  Mo., 
and  lola,  Kan. 

Present  position :  Chemist,  La  Harpe  Spelter  Co.,  La  Harpe,  Kan. 
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Tilliam  A.  C«sa«toii,  Butte,  Mont. 

Propooed  by  Oscar  Rohn,  G.  G.  Viviaa,  J.  H,  Wftmer. 

Bom,  1882,  Salt  Lake  at^,  Utah.  1909,  Salt  Lake  Grade  Schools.  1903,  Grad. 
Salt  Lake  High  School.  1905-07,  Univ.  of  Cal.,  Berkeley.  1902,  Daly  West  Mice, 
Park  City,  Utah.  1904-06,  Dalton  Lark  Mine,  Urk,  Utah,  1907,  Mammoth  Mine, 
Keaneth,  Cal.  1908,  Valcalda  Mining  Co.,  Blair,  Nev.  1909-11,  Utah  Copper  Co. 
Mill  Foreman.  1Q12,  Gnowatorm  Mining  Co.,  Larson,  Ida.,  designing  mill  and  Mill 
Supt. 

Present  position:  Mill  Supt.,  East  Butte  Copper  Min.  Co. 

Walter  BarcUy  Chldester,  Dedrick,  Cal. 

Proposed  by  H.  A.  Morrison,  Francis  A.  Thomson,  Thomas  T,  Read,  and  others. 

Bom,  1884,  Memphis,  Teno.  Grammar  and  high  school  completed  in  Tacoma, 
Wash.  Grad.  from  Tacoma  High  School  in  1903.  Entered  SUte  Collie  of  Washing- 
ton, Pullman,  Wash.,  in  same  year.  1907,&ad.,Wash.StateColle^;B.S.  1904-06, 
Five  months  unde^^ound  work  in  Morning,  Hecla  and  Standard  mm^  CiBUr  d'Alene 
district,  Ida.  190^10,  Millman  in  Sweeney  and  Morning  mills  of  Federal  Min.  & 
Smelt.  Co.,  at  Sweeney  and  Mullan,  Ida.,  Chairman  for  N.  P.  Ry.  survey  N.  D. 
lBIO-11,  Millman  in  Goldfield  Cons,  and  Nevada  Goldfield  Reduction  Works  at 
Goldfield,  Nev.  ,  ,      ^  ,         . 

ment  Co.,  Tonopah.     Supt.  Dreiaman  mme,  Tuolumi 
engineer  and  shift  boss.  Jaa  Butt«rs  mine,  Tonopah,  Nev. 

Present  position:  Shift  boss  in  20-etanip  cyanide  mill,  Globe  Cons.  Min.  Co., 
Dedrick,  Cal. 

Adotph  Clayton  Clark,  Perth  Amboy,  N.  J. 

Proposed  by  W.  B.  Harper,  F.  W.  Allen,  B.  B.  Thayer, 

Born,  1866,  Boston,  Mass.  Preparatory  School  and  Anglo-French  College, 
Loudon,  England,  also  It  years  at  school  in  Paris,  France.  1893-1901,  Asst.  Supt. 
New  England  Electrolytic  Copper  Co.,  Central  Falls,  R.  I. 

Present  position:  1901  to  aate,  Supt.  Raritan  Copper  Works,  Perth  Amboy,  N.  J. 

Edward  Hardy  Clart  New  York,  N.  Y. 

Proposed  by  B.  B.  Thayer,  W.  8.  Harper,  J.  W.  Allen. 

Born,  18&4,  St.  Louis,  Mo.    General  education  in  Missouri  Schools. 

Present  position:  1898  to  date,  Manager  of  the  Mining  Interests  of  the  Estate  oF 
Senator  George  Hearst. 

Frederick  P.  Clark,  Hammond,  lad. 

Proposed  by  G.  P.  Hulst,  W.  8.  Harper,  J.  W.  Allen. 

Bom,  1876,  London,  Eng.  International  College,  London,  Eng.  Institute  ol 
Technol<^,  London,  Eng.  1897-1902,  Assaycr,  Raritan  Copper  Wka.,  Perth  Amboy, 
S.  3.  1902-06,  Chemist,  Ariiona  Copper  Co.,  Clifton,  Arii.  1905-06,  Chemist, 
Poland  Mg.  Co.,  Poland,  Ariz.  1906-11,  Chemist,  Creaton  Colorado  Co.,  Torres, 
SoD^  Mexico. 

Present  position;  Chief  Chemist,  International  Lead  Refining  Co.,  East  Chicago, 


1903-06,  Three 
.),  liOndon,  I 
1902-04,  Mining  pupil  to  M.  Deacon,  Sheepbridge  Coal  &  Iron  Co.,  Ltd.,  near 
Cbester&eld,  Eng.  1904-05,  Asst.  Mgr.  Crown  Farm  Mine  and  Creswel!  Mine  of  the 
Bolsover  Colliery  Co.,  Bolaover,  near  Chesterfield.  1906,  Surveyor,  in  charge  of 
Underground  Plots,  Grassmore  Coal  &  Coke  Co.,  near  Chesterfield.  1907-10, 
Pract.  Minint  Staveley  Coal  &  Iron  Co.,  near  Cheaterfield.  1910-11,  Chesapeake 
4  Ohio  Ry.  Co.,  Construction  Staff.  1911-13,  Itc construction  of  street  car  track, 
Virgmia,I^ilway  &  Power  Co.,  Richmond,  Va. 

Present  position:  Asst.  Mgr.  and  Engineer,  Boyd  Smith  Mines,  Inc. 

H.  J.  CottOTM,  Tonopah,  Nev. 

Proposed  by  W.  H.  Sirdevan,  W.  H.  Blackburn,  George  R.  Elder. 

Bom,  1887,  Matawan,  N.  J.     1904-07,  Blair  Academy,  Blairstown,  N.  J.     1907- 

11,  lAfayette  College,  Eaaton,  Pa.;  E.  M.  1912,  Assaycr  and  Surveyor,  Kimberly 
Cons.  Mines  Co.,  Hilltop,  Nev.  1913,  Aast.  Supt.,  Black  Canyon  Cona.  Mines  Co., 
Lovelocks,  Nev.     1913,  Millman,  Jumbo  Reduction  Co.,  Bonnie  Clare,  Nev. 

Present  position:  Engineering  Staff,  Tonopah-Belmont  Dev.  Co.,  Tonopah,  Nev. 
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WilUom  HeniT  Coolidg«,  Boston,  Mass. 

Proposed  by  H.  L.  Smytt,  George  3.  Raymer,  Charles  H.  White. 

Bora,"  1859,  Natick,  Masa.  1877,  Entered  Harvard  College,  being  graduated  from 
Newton  High  School.  1881,  Grad,,  Harvard  College,  then  attended  Harvard  Law 
School.  1885,  Admitted  to /practice  law  in  Mass.  and  U.  S.  Courts.  1885-I9I4, 
lawyer,  firm  of  CooUdge  &  Hight.  Since  1895,  much  int«rested  in  mining  matters, 
being  director  and  counsel  tor  U.  S.  Smelting,  Refining  &.  Mining  Co^  Island  Creek 
CoarCo.,  American  Zinc,  Lead  &  Smelting  Co.,  Alaska  Gold  Mining  Co. 

Present  position:  Lawyer. 


Born,  1856,  Alexandria,  Italy.  1877,  School  for  Civil  Engineers  in  Rome,  It&ly. 
1879,  Mining  Engineer,  Certificate  of  the  Mining  School  of  Paris,  appointed  Geologist, 
and  then  Royal  Mining  Engineer,  in  the  Royal  Mining  Service  of  Italy,  1879-1902, 
Geologist,  in  the  Geological  Survey  of  Italy,  and  Royal  Mining  Engineer.  1902-04. 
Technical  Manager  Sulphur  Mines  in  Italy.  1904-07,  Tecnnical  Manager  Cool 
Mines  in  Italy.  '  lOOT,  Technical  Manager  uon  Mines  of  Elba  and  Blast  Fumacea 
of  Tollonica.  1901-02,  Technical  Manager  Coal  Minea  in  Veneiuela.  1902-12, 
Consulting  Engineer  and  Technical  Manager,  in  Copper-Iron-Tin-Antimony  mines, 
Italy,  and  granite  and  marble  mines. 

Present  position:  Director,  Manager  and  General  Manager,  in  the  Phosphate 
mines  at  Sebueh,  Upper  Egypt. 

Charles  Wilson  DeWitt,  Seikwan,  Korea. 

Proposed  by  J,  L.  Slater,  Jr.,  J.  S.  Bradord,  James  J.  Martin. 

Bom,  1890,  Kalamaioo,  Mich.  1896-97,  Public  School,  KalamaEoo,  Mich. 
1897-1900,  Pubhc  School,  Chicago,  lU.  1900-04,  Public  School,  Coming,  Cal. 
1906-09,  Augusta  Military  Academy,  Fort  Defiance,  Va.  1910-13,  Polytechnic 
College  of  Engineering,  Oakland,  Cal.;  degree,  in  Mining  as  Associate  in  Science. 
1904-^,  Mining,  South  American  Development  Co.,  Zaragoaa,  Rep.  de  Colombia, 
S.  A.     1909-10,  Oerk,  Pacific  Vinegar  &  Pickle  Works,  San  Francisco,  Cal. 

Present  position;  Chemist  and  Mine  Surveyor  of  ChilsaD  Mining  Co.,  Seikwan, 
Korea. 


Born,  1890,  Spokano,  Wash. 
of  Cal.,  Mining  Engineering.  1{ 
Alberta. 

Present  position:  1913  to  date,  Supt.  at  San  Poll  Cons.  Co.,  Republic,  Wash. 

Bdwhi  R.  Baton,  Cronn  Point,  N.  Y. 

Proposed  by  S.  H.  Hamilton,  Kirby  Thomas,  N.  V.  Hansell. 

Bom,  1888,  Crown  Point,  N.  Y.  1905,  Crown  Point  High  School.  1906,  Vermont 
Military  Acad.  1910,  Syracuse  Univ.  1910-12,  Gawny  Diamond  Drilhng  Co., 
Arnold  Hili,  N.  Y.  1911,  Hamilton  &  Hansell,  Essex  Mine.  1912-14,  Manatawny 
Bessemer  Ore  Co.     1913,  Hatch  &  Clute,  Mineville  District,  N.  Y. 

Present  position:  Engineer  for  Manatawny  DcBscmer  Ore  Co. 

Dr.  Luar  Edelesnu,  Berlin,  Germany. 

Proposed  by  Anthony  F.  Lucas^  David  T.  Day,  M.  R.  Campbell. 

Bom,  1861,  Bucarest.  1883,  B.  S.,  Bucarest.  1387,  Ph.  D.,  Berlin,  chemistry 
being  the  principal  study.  1887,  Member  of  Chemical  Society,  Berlin.  1890, 
Member  of  Physic  Chemical  Societj[,  Bucarest.  1909,  Member  of  Society  of  NatuMl- 
iste,  Moscow.  1888,  Asst,  Chemist  in  the  Royal  Artillery  College,  Woolwich,  London. 
1890,  Chief  Chemist  Trhvaux  Chemiques  Univ.,  Bucarest.  1897,  Dir.  of  the  Chemical 
Laboratory,  Miniatre  of  Domoisee,  Bucarest.  1906,  Dir.  of  the  Chemical  laboratory 
of  the  Geological  Institute,  Bucarest.     1904-11,  Dir.  of  the  Vega  Soc. 

Present  position:  Directorof  the  Al^meine  Gesellachaft  fUr  Chcmische  Industrie, 
Berlin. 
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Lois  CalviUo  Espinoaa,  Pachuca,  Mexico. 

t^opoeed  by  Victor  M.  Braachi,  Clive  S.  Newcomb,  Ezequiel  Ordenez. 

Bom,  1879,  Zacatecas,  Mexico.  Eacuelas  Oficialea  e  Inatituto  de  Cienciaa  de 
ZacatecM.  Escuela  Practica  de  Minaa  en  Pachuoa,  Hdgo.  Gradua  do  el  19  de 
Febrero  de  1902  in  Zacatecas,  Zac.j  Mei.  1902,  Supt,  ''^Gran  Cuadra  Prodigio  y 
Odx."  Zacatecas.  1904,  Chief  Engineer  the  "Compania  Reatauradora  del  Mineral 
de  Veta  grande,"  Zac.  1906,  Official  Engineer  of  Zacatecas  State.  1910,  Aaat.  to 
lag.  Eieimiel  Ordonei.  1913,  Agent  of  the  "Compania  Explortadora  El  Encino  y 
Odx,"  in  Pachuca,  Edgo. 

I^esent  poeition:  Asst.  to  Engineer  Ezcquie!  Ordonez,  on  examination  works, 

.._r . , p Md. 

Bom,  1884,  Corvallis,  Ore.  1907,  B.  S.,  Univ.  of  Cal.  1907-09,  Asat.  Engr. 
Daly-Weat  Min.  Co.,  Park  City,  Utah.  1909-13,  Engr.  Daly-Ju<^  Min.  Co., 
Part  City,  Utah,  and  Snake  Creek  Min.  &  Tunnel  Co. 

Present  poaiti on :  1913  to  date,  Genl.  Supt.  Daly-Judge  Min.  Co.,  Genl.  Supt. 
Mid-West  Tunnel  Co. 

PmiI  WhiteSeld  Gaebelein,  Cornucopia,  Ore. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey,  Henry  S.  Munroe. 

Bom,  1888,  Hoboken,  N.  J.  1901-05,  High  School  education.  1905,  Columbia 
Taiv.  1909,  School  of  Minea;  E.  M.  1909,  Otisae  Min.  Co.,  Elk  Lake,  Ont.  1909, 
Cfown  Reserve  Min.  Co.,  Cobalt,  Ont.  1909,  Golden  Cycle  Min.  Co.  1911,  Colo, 
Springe,  Colo.,  Cyanide  Plant,  various  positions.  1911,  Testing  work.  Examination. 
1912,  Work  for  private  parties.  1912,  Smuggler-Union  Min.  Co.  1912,  Telluride, 
Colo.,  Qy&nide  Plant,  Conatruction. 

Present  position:  Mill  Supt,,  Cornucopia  Mines  Co.,  Cornucopia,  Ore. 

Junes  Owen  Greentm,  Fairvieir,  Nev. 

Proposed  by  Charles  C.  Starr,  Frederick  J.  Siebert,  Charles  E.  Locke. 

Bom,  1888,  Taunton,  Mass,  1904-^)8,  Boston  University;  A,  B.  1908-11, 
Mus.  Inst,  of  Technology;  B.  S.  1909-11,  Member  of  Mining  Engineering  Society 
of  Mass.  Inst,  of  Tech.  lDll-12,  Miner  for  Paraott  Min,  &  MiU.  Co.,  Central  aty, 
Colo. 

Present  position:  1912  to  date,  Engineer,  Nevada  Hill  Mining  Co.,  Fairview,  Nev. 

Hiines  Gridley,  San  Pedro,  N.  M. 

Proposed  by  A,  H.  Case,  Leo  F.  Arnold,  E.  H.  Westlake. 

Bom,  1880,  Elmira,  N.  Y,  1900-04,  CorneO  Univ.;  C.  E.  1904-12,  Engineer, 
Ophir  HiU  Cons,  Min,  Co.,  Ophir,  Utah. 

Present  position:  1912  to  date,  Supt.  Santa  Fe  Gold  &  Copper  Mg.  Co. 

Frank  Iden  Griffiths,  Queensland,  Australia. 

Proposed  by  John  W.  Moule,  E.  Noel  Goode,  B.  G.  Patterson. 

Bom,  1877,  Launceston,  Tasmania.  1884-88,  CoUegiate  Inst.,  Launceston, 
Tasmania.  1888-94,  Launceston  Church  Grammar  School,  Tasmania.  1910. 
MetaUurgy  Course,  International  Correapondence  Schools,  Scranton,  Pa.  Received 
Diploma.  1913,  One  year  Chemistry,  Technical  College,  Mount  Morgan,  Queens- 
land, Australia.  1896-96,  Worked  on  Construction  Mount  Lyeil  Min.  &  Hallway 
Corp.  Reduction  works.  1896-97,  Smelter  Shift  Boss.  1897-U,  Converter,  Shift 
Etoas  and  Foreman.  1912,  General  Foreman,  Mount  Morgan.  1913,  Gold  Mining 
Corp.  Smelting  and  Converting  Plant. 

Present  position:  1913  to  date,  Asst.  Metallurgist,  Mount  Morgan  Gold  Mining 

Robert  H.  OroBB,  Boston,  Mass. 

Proposed  by  Horace  V.  Winchell,  Oscar  Rohn,  J.  H.  Wamer. 

Bom,  1864,  Bloomingdale,  Mich.  District  school  in  Michigan  and  Ohio,  and 
public  schools  u  Ravenna,  0.,  terminating  with  the  first  year  in  the  high  school. 

Present  position;  President  of  East  Butte  Copper  ^lining  Co..  of  Butte,  Mont. 
Prea.  New  River  Co.,  and  subsidiaries,  of  West  Virginia.  Sec.  and  Treas.  of  several 
other  oompaniea. 
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Bom,  1890,  New  JerBey,  Secondary  education,  New  York  City,  1907,  Entered 
Sheffield  Scientific  School.  1910,  Entered  Pembroke  College,  Cambridge,  Eng. 
1913,  Grad.  Cambridge  Univ.;  B.  A.  Degree  taken  in  Chemistry  and  Political 
Economy.  1907-10,  Entered  employ  of  AmericaQ  Smelting  &  Refinmg  Co.,  Aguoa- 
oalientea,  Mexico. 

Present  position :  Mining  and  Smelting. 

HauriGe  H.  Hare,  Spokane,  Waah. 

Proposed  by  L.  K.  Armstrong,  J.  C.  Ha^  £.  P.  Spalding. 

Born,  1869,  Greensbur^,  Pa.     1874-94,  Common  and  High  Schools,  Greensburg, 
Pa.     1906-14,  Alluvial  Mmine,  Idaho  and  elsewhere,  Hydraulic  and  Dredging. 
Present  position:  Prea.,  Idaho  Placer  Mines  Co.,  Ltd. 


d  Norria  Hobart,  Morenci,  Aria. 

Proposed  by  Frank  D,  Rathbun,  W.  H.  McLean,  S.  F.  Shaw. 

Born,  1888,  Mankato,  Minn.  1910,  New  Mexico  School  of  Mines;  B.  S.  in  Min. 
Engr.;  B.  S.  in  Met.  Engr.  1910-11,  Assayer,  Shannon  Copper  Co.,  Metcalf  Arii. 
1911-12,  Asst.  Engr.  Amer.  Smelting  &  Refining  Co.,  An^angueo,  Mich.,  Mexico. 
1912-13,  Mine  Foreman,  Maiapil  Copper  Co.,  Ltd,,  Conception  del  Ore,  Zac,  Mexico. 
1913-14,  Chief  Engr.,  A.  8.  A  R.,  Charcftflj  S.  L.  P.,  Mexico. 

Present  position:  Mining  Engr.,  Detroit  Copper  Mining  Co.,  Morenci,  Arii. 


Joseph  Inch,  Chile,  So.  America. 

Proposed  by  Arthur  W.  Martin,  Lester  W,  Strauss,  S.  H.  Loram. 

Bom,  1337,  La  Serena,  Chile.  1395-96,  Private  English  School,  La  Serena,  Chile, 
S.  A.  1897-02,  Liseo  de  Lombres  de  La  Serena.  1903-05,  I^cuela  Practica  de 
Mineria  de  La  Serena,  Chile,  S.  A.  1906,  Foreman  and  Asst.  Engr.  Mina  Amarilla 
Cerro  Blanco,  Copiapo,  Chile.  1907-11,  Mine  Supt.  Mina  Co^imbana,  Cerro 
Blanco,  Copiapo,  Chile.  Sociedad  de  Minaa  i  Fundlciones  de  Camial.  1912,  Aast. 
Mgr.  and  Asst.  £ngr.,  EI  Salado  mines,  mill,  cyanide,  and  hydraulic  electric  plant. 
The  San  Juan  Mines  Argentine,  Ltd. 

Present  position :  Manager  Mine,  San  Jose  Compania  Minera  del  Cajon  de  Navarro. 

John  Vincent  Kelly,  Jalisco,  Mexico. 

Proposed  by  C.  Barnes  Hoadley,  Charles  F.  Rand,  Louis  D.  Huntoon. 

Bom,  1880,  Buffalo,  N.  Y.  1905,  Harvard  Univ.;  S.  B.  in  Science.  1906,  Harvard 
Univ.;  8.  B.  in  Mining.  1906-07,  Aast.  Engineer  with  Guantanamo  Exploration  Co., 
Cuba.  1907-08,  Engmeer  with  Tinbaden  Coal  &  Coke  Co.,  Tinbaden,  Va.  1908-09, 
Engineer  Tintic  Smelting  Co  Silver  City,  Utah.  1909,  Millman,  McGili  Concen- 
trator, Ely,  Nev.  1909-11,  Mines,  Bisbee,  Ariz.  1911-13,  Mines,  Esperania  Min. 
Co.,  El  Oro,  Mexico. 

Present  position:  Mine  Supt.,  Paver  Mining  Co.,  Hostotipaquillo,  Jalisco, 
Mexico. 

Maurice  Walter  Kishman,  Cripple  Creek,  Colo. 
Proposed  by  Dorsey  A,  Lyon,  Robert  M.  Keeney,  Robert  S.  Lewia. 
Bom,   1885,  Pueblo,  Colo.     1903,   Grad.,  Central  Hiffh  School.     Pueblo,  Colo. 
—  1906,  Student  of  Mining  Engineering,  Colo.  Scbi  ^    -  •-         "  ■■ 
16,  Summers  spent  as  miner.  Gold  King  Cons.,  SiU 
assayer  and  chemist.  Gold  Prince  Mines,  Silverton,  Colo,    ivuo-iu,  iviuiiu)s  fjigineer, 
Western  Inv.  Co.,  Victor,  Colo.     1910-12,  Field  Engineer,  Costilla  Estates  Dev.  Co., 
.     «.        ..   ....,...:..         „,    .       .,    '.  Co.,  Victor,  Colo. 


K.  D.  EollasnifcoS,  Perm,  Russia. 

Proposed  by  R.  Gilman  Brown,  D.  P,  Mitchell,  T.  J.  Jones. 

1902,  Grad.  Frieberg  Mining  Academy,  Met.  Eiutr.  1902-04,  Chief  Chemist  Al- 
apaefsky  Steel  Wks.  1904-07,  Mcr.  Kartaff  Steel  Wks.  1907-08,  Mgr.,  Kaali  Wks. 
of  the  Kyshtim  Corp.     1908-11,  Mgr.,  Kyshtim  Iron  and  Copp^  Wka. 

Present  position :  1911  to  date,  Mgr.,  Karabish  Plant,  Kyslitim  Corp.,  and  Mgr. 
Srymanapk  Valley  of  same  concern. 
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HfltMi  O.  Enaoss,  Catas&uqua,  Pa. 

Proposed  by  S.  G.  Valentine,  C.  Q.  Feattie,  Leonard  Peckitt. 

Bom,  1885,  Macungie,  Pa.  General  achool  education  at  Macungje  public 
Bchool.  1898,  Started  to  work  tor  Crano  Iron  Works,  as  dish  wadher  in  laboratory. 
1899,  Chemist,  Allentown  Rolling  Mill  Co.  1900,  Asat.  Chemist,  Crane  Iron  Works. 
1902,  Promoted  to  Chief  Chemist.  1909,  promoted  to  Supt.,  Macungie  furnace. 
Empire  Steel  &  Iron  Co^  1911,  Supt.,  Topton  furnace.  Empire  Steel  &  Iron  Co. 
1911,  Supt.,  Crane  Iron  Works,  Empire  St^I  &  Iron  Go. 

Present  position;     Supt.  Blast  Ii\imacea,  Crane  Iron  Works. 

Edward  Clarence  Lee,  Harrisburg,  lU. 

Proposed  by  W.  D.  Owens,  J.  M.  Humphrey,  Charles  Eniian. 

Bom,  1886,  Stroudsburg.  Pa.  1902,  StroudBburg  High  School.  1903,  Strouda- 
burg  High  School,  Commercial.  1904,  Wyoming  Seminary,  College  Prep.  1908, 
Penn.  State  CoUepe:  B.  S.  1913,  Penn.  State  College;  E.  M.  1908,  Tranaitman, 
Lebigk  Valley  Coal  Co.,  Wilkea-Barre,  Pa.,  and  Chief  of  Party,  Penn.  State  Highway 
Dept.     1909-13,  Transitman,  Lehigh  Valley  Coal  Co.,  Wilkea-Barre,  Pa. 

Present  position:  Instructor  in  the  Illinois  Miners  and  Mechanics'  Institutes,  in 
dittge  of  the  schools  in  Harrisburg  and  Herrin. 

Hanrice  E.  Lombard!,  Berkeley,  Cal. 

Prxiposed  by  M.  L.  Requa,  P.  R.  Bradley,  F.  W.  Bradley. 

Bom,  1878,  Houston,  Texas.  1900,  Yale  Univ.;  A.  B.  1904,  Univ.  of  Cal.; 
B.  S.  1901,  Mariposa  Mine,  Cal.,  underground  work.  1904,  Mountain  View  Mine, 
Ore.,  Underground  work.  1904  to  date,  Asst.  Geologist,  Southern  Pacific  Co.; 
Gngmeer,  Kam  Trading  &  Oil  Co. 

Present  position:  Supt.  of  Construction  and  Developments,  Kern  Trading  &  Oil 
Co. 

John  Unnro  Longyeir,  Jr.,  Cambridge,  Moss. 

Proposed  by  Scott  Turner,  H.  L.  Symth,  L.  C.  Graton. 

Bora,  1889,  Marquette,  Mich.  1906-07,  Maaa.  Inst,  of  Technology.  1908-09, 
Harvard  College.  1909-12,  Mich.  College  of  Mines;  B.  S.,  E.  M.  1913-14  Harvard 
Univ.,  Grad.  School  of  Applied  Science.  1912-13,  Superior  Copper  Co.,  Houghton, 
Mich.  1913,  Oseeola  Cons.  Min.  Co.,  Osceola,  Mich.  Employed  as  Efficiency 
E^ngineer  at  both  the  above  properties.  Left  this  employment  on  account  of  un* 
certainties  arising  from  the  strike  situation.  Expect  to  work  in  Lake  Superior 
iron  ranges  after  1914. 

Present  position:  Grad.  Student  in  Geology,  Harvard  Univ.  Grad.  School  of  Ap- 
plied Science. 

Butte,  Mont. 


Mining 


Dam,  ion,  new  luru,  ii.  i.  orowu  uuiv.  uuiv.  ui  viTHUiia,  Liaw 
1900-14,  W.  A.  Clark^r.,  agent  in  charge  of  Mining  and  Milling. 

Present  position:  W.  A.  Clark,  Jr.,  Agent.  Sec^  and  Treas.,  Elm  Orbe 
Co.,  Sec'y  and  Treas.,  Timber  Butte  Milling  Co. 

WnUmm  H.  Manning,  Spokane,  Wash. 

Ftoposed  by  L.  K.  Armatroi^,  F.  A.  Ross,  Roy  H.  Clarke. 

Bom,  1875,  Canada.  1898,  8.  P.  8.,  Toronto.  American  Hill  Min.  Co.  1899, 
Sewrad  Relief.  1900-12,  First  Thought.  1903,  Easter  Sunday.  Private  work  as 
Consulting,  Hydraulic,  etc. 

Present  position :    Chief  Engineer,  International  Power  &  Manufacturing  Co. 

Edward  Franda  McCrossin,  Birmingham,  Ala, 

Propceed  by  C.  A.  MofEett,  H,  S.  Geiamer,  Erskine  Ramsay. 

Bom,  1887,  Philadelphia,  Pa.  1905,  Grad.  Birmingham  High  School.  1906, 
Finished  Junior  Year,  E.  M.  Course,  Ala.  Polytechnic  Institute.  [1907-08,  Con- 
densed Course  Mining  Engineering,  Ohio  State  Univ.  1908,  Installing  mining 
machinery,  Robinson  Manufacturing  Co.,  West  Virginia  mines.  1909,  Prospecting 
andsurvCTingcoallandsforH.  F.  DeBardelebenand  Ala.  Fuel  dt  Steel  Co.  1910-12, 
Division  Engmeer,  Division  Supt.  and  Asst.  General  Supt.  Ore  Mines  and  Qitarries, 
Georgia  Steel  Co.  (Subsidiary  Southern  Iron  A  Steel  Co.)  1912-14,  Consulting 
Endneer,  operating  personal  iron  ore  mine.  Reports  and  exploration  properties  in 
Alumna,  Louisiana  and  Mexico. 

Ptewnt  position :  Consultmg  Engineer. 
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James  Agnitlus  Hcllvee,  Denver,  Colo. 

Proposed  by  W.  L.  Saunders,  Thomaa  B.  Steams^  Geoi^e  A.  HowelU. 

Born,  1864,  Glasgow,  Scotland.  School  education  in  Scotland.  Haa  made  a 
study  of  the  technical  work  of  tunnel  driving,  acquiring  a  auperior  knowledge  of 
tunneling  efficiency  when  in  peraonal  oharee  of  (>ipplo  Creek  Drainage  Tunnel, 
Cripple  Creek,  Colo.,  1908;  1910,  Laramie-Poudre  Tunnel,  at  Laramie,  Colo.  Now 
engaged  in  driving  the  Snake  Creek  Tunnel  at  Berber  City,  Utah,,  also  in  driving 
Rogers  Paaa  Tunnel  at  Glacier,  B.  C,  for  the  Canadian  Pacific  Railway.  In  all  of 
this  work  had  full  charge  and  direction  of  the  design  of  apparatus  and  process  ofdriving 
His  method  is  an  acknowledged  success  in  speed  and  efBciency  and  it  has  been  adopted 
by  other  tunnel  drivers  in  the  United  States  and  foreign  countries. 

Present  position:  Contractor  driving  Canadian  Pacific  Railway  Tunnel  at  Rogers 
Paas,  Glacier,  B.  C. 

Elwood  S.  Moore,  State  College,  Pa. 

Proposed  by  J.  F.  Kemp,  H.  Ries,  H.  D.  Pallister. 

Bom,  1879,  Ontario,  Cfanada.  1904,  Univ.  of  Toronto;  B.  A.  1907,  Univ.  of 
Torontoj  M.  A.  1909,  Univ.  of  Chicago.  Training  has  been"  in  Natural  Science, 
specializmg  in  Geology  and  Mineralogy;  Ph.  D.  1904-05,  Science  Master,  Pickering 
Collie.  1905-06,  Science  Master,  Collingwood  Collegiate  Inst.  1904-10,  Summers 
spent  first  as  an  assistant  and  during  the  latter  five  summers  as  chief  of  geological 
parties  for  the  Ont.  Bureau  of  Mines.  1912,  Summer  with  the  Canadian  Geol. 
Survey.  1913,  Traveled  in  B.  C,  Alaska,  and  Yukon.  1911,  Traveled  in  Europe. 
1907-09,  Fellow  in  Geology,  Univ.  of  Chicago. 

Present  position;  1909  to  date.  Prof,  of  Geology  and  Mineralogy  and  Head  of 
the  Department  of  Penn.  State  College. 

LeUnd  Bertlej  Howry,  Copperhill,  Tenn. 
Proposed  by  J.  B.  Risque,  T.  W.  Cavers,  M.  A.  Caine. 

Bom,  1889,  Providence,  R.  I.     1904-07,  Drary  High  School,  North  Adams,  Mass. 
1907-11,  Cornell  Univ.;  B.C.     1911-13,  Chemist  for  Tenn.  Copper  Co. 
Present  position:  1913  to  date,  Smelter  Foreman,  Tenn.  Copper  Co. 

GerRld  F.  Htirphy,  Nova  Scotia. 

Proposed  by  Stanley  N.  Graham, 

Bom,  1886,  Halifax,  N.  S.  190C  ™,  ™^,„„.™  ^^..^o^,  ,„,^,  ^5.  ...  .^., 
Oxford.  1903-07,  Dalhousie  Univ.,  Halifax;  B.  E.  1908,  Post-Graduate  course  at 
Columbia  (School  of  Mines).  1909-14,  Instructor  in  Mining,  Nova  Scotia  Technical 
College.     Miscellaneous  cKaminations  through  Nova  Scotia. 

Present  position:  Instructor  in  Mining,  Nova  Scotia  Technical  College. 

Allan  Franklin  Muter,  MogoUon,  N.  M. 

Proposed  by  C.  Colcock  Jones,  A.  J.  Anderson,  C.  O.  Lindberg. 

Bom,  1876,  Youngstown,  Ohio.  Rayen  High  School,  You ngstown,  O.  Kenyon 
College,  Gambier,  O.  Case  School  of  Applied  Science,  Cleveland,  Ohio;  B.  S.  1904, 
E.  M.  1908.  1904-05,  Supt.  of  Ramrod  Mine,  Chloride,  Arii.  1905-06,  Assayer 
&  Asst.  Met.,  Union  Smelting  Co.,  Chloride,  Ariz.  1906-07  Shift  Boss  for  Altata 
Mining  Co.,  and  in  charge  of  Electrostatic  separators,  Tenn.  Min.  Co.,  CIdoride,  Ariz. 
1907-08,  Supt.  and  Mgr.,  Klondike  Cyanide  Co.  1908-12,  F.ngr.  and  Aseayer  office, 
Kingman,  Ariz,     1012-13,  Experimental  plant,  treating   Mexican  ores,   Douglas, 

Present  position;  1913  Xo  date,  Supt.  mill,  Ernestine  Min.  Co. 

Willard  H.  Nash,  Gleeson,  Ariz. 

Proposed  by  G.  E.  Kedzie,  John  E.  Penberthy,  W.  G.  McBride. 

Bom,  1885,  Buffalo,  N.  Y.  1900,  Grad.  Bulfalo  Public  Schools.  1904,  Grad. 
Buffalo  High  School.  1910,  Univ.  of  Ariz.,  Tucson,  Ariz.;  B.  S.  1904-05,  Draughts- 
man, David  Bell  Engineering  Works,  Buffalo,  N.  Y.  1906-07,  Ore  Dept.  Seiby  Plant, 
American  Smelting  &  Refining  Co.,  San  Francisco.  1911-12,  Asst.  on  mine  exami- 
nation, Spurr  &  Co.,  on  American  Smelting  &  Refining  Co.  properties  in  Mexico. 
1912-13,  Afisaycr  and  Engineer,  at  Sierra  Mojada,  Coah.,  Mexico,  with  Compania 
Metalurgica  Mexicans,  one  of  Robert  S.  Towns  properties. 

Present  position:  Assayer  and  Chemist,  Shannon  Copper  Co.,  Gleeson,  Ariz. 
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Walter  Neal,  Jalisco,  Mexico. 

Proposed  by  C.  Bamea  Hoadley,  Charlea  F.  Rand,  Louis  D.  Huntoou. 

Bom,  1881,  Lancashire,  Engl&nd.  Grammar  school  in  San  Francisco,  Cal. 
Apprentice  with  Luis  Falkenau  School  of  Aasayiiii;  in  San  Francisco.  1899-1904, 
Tomboy  Gold  Mines  Co.,  Telluride,  Colo.,  Aasayer,  amalgam ated-vannerm an,  shift 
boss,  helper  in  mine  office.  1904-06,  El  Oro  Mining  A  R.  R.  Co.,  Ltd.,  El  Oro  Mexico; 
shift  boes  and  experimental  cyanide  work,  1906-12,  Cia.  Minora  Las  Dos  Estrelias, 
El  Oro,  Mexico.     Cyanide  experimental  work,  Cyamde  Supt.,  Asst.  Mgr. 

Present  poeitioa:  1912  to  date,  General  Manager  of  El  Favor  Mining  Co.,  and 
Mololoa  Mining  Co. 

Joseph  P.  Nolan,  Butte,  Mont. 

Proposed  by  PYederick  T.  Greene,  Alex&nder  Leggat,  E.  H.  Wilson. 
Bora,  1887  Ishpemtng,  Mich.     1905-08,  Michigan  College  of  Mines:  B.  S.     1909, 
With  city  engmeer  of  Butte,  Mont.     1909-12,  A.  C.  M.  Co.,  Butte  &  Boston  Dept. 
Present  position;  1912  to'  date.  Private  Practice,  Mining  Engineer. 

P.  A.  O'Brien,  New  Orleans.  La. 

ftopoaed  by  R.  B.  Stanford,  Charles  F.  Rand,      (One  more  sipiature  required.) 

fiom,  1874,  Victoria,  Aust.  1889,  finished  public  school.  1891,  Two  years  gram- 
mai  school  Donald,  Vic.  1893,  Two  years  raining  school,  St.  Arnand,  Vic.  1901-02, 
Miningand  Chemistry  at  Washington  AgriculturarCoUege,  Pullman,  Wash.  1902-04, 
Roadway  Mine,  Mont.  1904,  Rapid  City  Smelter.  1905-07,  El  Oro  Min.  Co., 
Merico.  1907,  Desert  Mill,  Tonopah  Min.  Co.,  Nevada.  1908-09,  Goldfieid  Con. 
.Min.  Co.^  Nevada.  1910,  El  Vesuvia  Mine  and  Mill,  Nicaragua.  1911-12,  Bonanza 
Mine,  Nicaragua. 

Present  position :  Engineer  at  large. 

John  CUrk  Kckering,  New  York,  N.  Y. 

Proposed  by  R.  T.  Bayliss,  Walter  McDermott,  Edward  Hooper. 

Bom,  1882,  New  York  City.  Ordinary  public  school  education  in  New  York 
City  and  elsewhere;  two  years  at  C.  C.  N.  Y . ;  Columbia  School  of  Mines,  from  which 
I  graduated  in  1904  with  E.  M.  1904,  Engr.,  with  Corro  de  Pasco  Ming.  Co.,  Peru, 
8.  A.  1905,  Chief  Engr.,  Compania  de  Minas  de  Morococha,  Peru,  S.  A.  1906-07, 
Examining  Engr.,  in  Peru  with  Frank  Klepetko  of  New  York  City.  1907-08,  Chief 
Engr^  H  Oro  Mining  &  Ry.  Co.,  Ltd.,  of  El  Oro,  Mei.  1908-09,  Examining  Engi- 
neer Exploration  Co.  of  England  &  Mexico,  Ltd.,m  Mexico.  1910,  Special  examina- 
tions for  Exploration  Co.,  Ltd.,  of  London.  1910,  Geni  Supt.,  Mexico  Mines  of  El 
Oro,  Ltd.,  El  Oro,  Mexico.  1911,  Genl.  Mgr.,  Boena  Tierra  Mining  Co.,  Chihuahua, 
Mex. 

Present  position:  1912  to  date,  Genl.  Mgr..  British  South  Africa  Company's 
Mines  Development  Co.,  Ltd.,  Rhodesia,  South  Africa. 

Alfred  Harold  Ryder,  Kuantan,  Singapore. 

Proposed  by  J.  T.  Marriner,  T.  A.  Rjckard,  Scott  Turner. 

Bom,  1874,  Cheshire,  England.  1890-95,  Merchant  Taylor  School,  Crosby, 
Liverpool.  Oxford  Local  Examination  Certit.  Night  classes.  Certifs.,  Machine 
Coiurtruction,  Mechanics,  Steam,  Electricity.  Apprenticeship,  1890-92,  Messrs. 
Issay  Nurie  &  Co.,  Liverpool,  Engineer's  repair  shop.  1892-95,  Messrs.  David 
Roller  &  Sons,  Liverpool,  Engineers  and  Shipbuilders,  1897,  Board  of  Trade 
Certificate.  1896-97,  Fourth  Engineer,  S.  8,  "  Alderiey."  1897,  Third  and  Second 
Engineer,  S.  8.  "Saint  Cuthbert."  1898,  Messrs.  S.  Z.  de  Ferrauti.  1898-1904 
Cbwf  Engineer,  Borneo  Co.,  Ltd.,  Gold  Mines,  Borneo.  1904-05,  Manager  of 
Cvanide  Plant,  tor  above  company.  1908-09,  Part  owner  with  Ben  Howe,  A.  R.  S.  M. 
M.  I.  M.  M.,  Gold  mine  in  Borneo,  1910-11,  Manila  Trading  Co.,  Ltd.,  Manchester, 
Keporting  on  Mining  property  in  Manila, 

lYeaeut  position :  191 1  to  date,  Chief  Mechanical  Engineer,  Fahang  Cons.  Co.,  Ltd. 

Gemf  e  O.  Scarfe,  Alleghany,  Cal. 

Proposed  by  William  Hague,  Robert  H.  Bedford,  Arthur  B.  Foote. 

Bom,  1887,  Canton,  Tioga  Co.,  Pa.  1901,  Grammar  school.  1901-05,  High 
School.  1906-10,  Completed  Junior  year  at  Univ.  of  Cal.  1905-08,  Field  Engineer, 
Pscific  Gaa  4  Electric  Co. 

Present  position:  1910  to  date.  Field  Engineer,  Supt.  of  Construction,  North  Star 
Mine*  Co.,  Grass  Valley,  Cal,,  and  at  present  Supt.  of  Middle  Yuba  Power  Co,,  and 
Engineer  for  Tightner  Mines  Co. 
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Vmitau  Alien  Scheuch,  New  York,  N.  Y. 

Proposed  by  Felix  A,  Vogel,  A.  M.  Tweedy,  C.  Kirchhoff. 

Bom,  188B,  Brooklyn,  N.  Y.  1896-1908,  Public  and  High  School,  New  York, 
N.  Y.  1908-12,  Columbia  School  of  Mines;  E.  M.  1912-13,  ChUe  Exploration  Co., 
Chuquicamata,  Chile,  sampling  and  surveying. 

Present  position:  1913  to  date.  Engineer,  Bates  Iron  Co.,  Florence  Iron  Co.  of 
,  Wisconsin,  Oenerftl  Briquetting  Co. 

Albert  Helnrich  Schroeder,  Gelsenkirchen,  Germany. 

Proposed  by  C.  H.  Macnutt,  WiHiam  J.  lakeland,  P.  K.  Lucke. 

Bom,  1676,  Gelsenkirchen,  Germany.  1897-1901.  Universitat  and  Techniacbe 
Hochschule,  Berlin.  1896-97,  Krupp  GuBS-stahlf abrik,  lisen.  1901-03,  Chemist, 
Guae-stahlfabrik,  Gelsenkirchen.  1903-04,  Asst.  Supt.  Cia.  de  Fierro  y  Acero,  Mon- 
terey, Mex.  1904r-05,  Asst.  Supt,  Montezuma  Lead  Oom,  Santa  Barbara,  Chih., 
Mex.     1905-13,  Asst.  Gen.  Supt.,  Cia.  Minera  de  Penoles,  Durango,  Mex. 

Present  position;  Sept.  1, 1913,  to  date,  Smelter  Supt,  Burma  Mines,  Ltd.,  Namtu, 
Burma,  India. 

Walter  Scribner  Sdiuyler,  Pike,  Sierra  Co.,  Cal. 

Proposed  by  E.  Chester  Turner,  Arthur  DeW.  Foote,  Charles  C.  Derby. 

Bom,  1860,  Ithaca,  N.  Y.  1866,  Mil.  Acad.,  West  Point.  1870,  Graduated. 
1913,  Retired  from  active  service  in  the  army.  1879-81,  While  still  in  the  amy  was 
Supt.  of  the  Murchie  Mine,  Nevada  Co.,  Cal,  1880,  Was  a  member  of  this  Institute 
for  several  years  but  withdrew  on  account  of  absorption  in  other  pursuits. 

Present  position:  President  and  General  Manager  of  the  Sierra  Alaska  Mg.  Co. 

Victor  Benno  Seidel,  New  York,  N.  Y. 

Proposed  by  W.  L.  Saunders,  R.  8.  Carter,  George  A.  Howells. 

Bom,  1882,  Olbersdorf,  Germany.  1900,  Grad.  from  High  School,  Frankenstein. 
1900-02,  Two  years  and  a  half  practical  work  in  ore  and  coal  mines  (apprentice). 
1902-04,  0.  S.  School  of  Mines  at  Tamowitz.  1904,  Received  Dwee  of  Mming  Engi- 
neer. 1904-06,  Mining  Engineer  with  large  coal  mines  in  Germany.  1905-06, 
Sirtaine  Rock  Drill  Co.,  Germany.  1906-07,  A.  Beicn,  Hoisting  Engineers,  Germany. 
1907-10  H.  Flottmann  &  Co.,  Germany.  1910-12,  J,  Geo,  Leyner  Engineering 
Works  Co.,  Littleton,  Colo. 

Present  position:  1912  to  date,  Ingersoll-Rand  Co.,  Sales  Elngineer. 

George  Fronheiser  Stammler,  Johnstown,  Pa. 

Proposed  by  F.  W.  Sperr,  F.  W,  McNair,  W.  E.  Hopper. 

Bom,  1887,  Johnstown,  Pa.  1905,  Johnstown  High  School,  1908,  Mich.  College 
of  Mines;  B.  S.  and  E.  M,  1908-10,  Instructor  at  Mich.  College  of  Mines  in  the  Dept. 
of  Metallurgy  and  Ore  Dressing,  1911,  Mice  Chemist,  Shannon  Copper  Co.,  Metcalf, 
Aril!,  1912,  Drafting  and  Construction  work.  Mine  Mountain,  Ltc.,  Sellwood,  Ont. 
1912.  Chemist,  Dominion  Nickel  Copper  Co.,  NickeltOUj  Ont. 

Present  position:  1918  to  date,  Alloy  Chemist,  Cambna  Steel  Co.,  Johnstown,  Pa. 

Edwin  Goodwin  Steele,  Dallas,  Texas, 

Proposed  by  Dyke  V.  Keedy,  Carl  F.  Dietz,  W.  f 

Bom,  1874,  Schoharie,  N.  Y.  Public  Schools;  se 
Mining  engineering  and  ore  dressing.  Have  been  engaged  for  the  past  16  years  as 
joint  inventor  and  in  perfecting  the  Sutton,  Steele  A  Steele  system  of  ore  concentra- 
tion and  mineral  separation,  during  which  time  have  been  actively  engaged  in  mining 
and  mining  engineering. 

Present  position:  Secy, -Treas.  Sutton,  Steele  &  Steely  of  Texas;  and  Sutton, 
Steele  &  Steele  Manufacturing,  Milling  &  Mining  Co.,  of  Colo. 

Walter  Livingston  Steele,  Dallas,  Texas. 

Proposed  by  IVke  V,  Keedy,  Carl  F,  Dieti,  W.  Spencer  Hutchinson. 

Born,  1866,  Galveston,  Texas.  Public  Schools,  and  Southwestern  Univ.,  George- 
town, Texas.  Have  been  engaged  for  the  past  16  years  as  joint  inventor  and  in  per- 
fecting the  Sutton,  Steele  &  Steele  system  of  ore  concentration  and  mineral  separation, 
during  which  time  have  been  actively  engaged  in  mining  and  mining  engineering. 

Present  position:  Vice-President^  Sutton,  Steele  &  Steele,  of  Texas;  and  Sutton, 
Steele  &  Stme  Manufacturing,  Milling  &  Mming  Co,,  of  Colo. 
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,    _    .  ., ., ,     '.  Spenoer  Hutohinaon. 

Born,  1802,  Lexingtoa,  Ky.  Public  Schools;  aeU  taught  io  techoical  eubjecto. 
Chemistry  and  ore  dressing.  Have  been  engaged  for  the  past  16  years  as  joint  in- 
ventor and  in  perfed,ing  the  Sutton,  Steele  &  Steele  ayBt«ra  of  ore  concentration  and 
mineral  separation,  during  which  time  have  been  actively  engaged  in  mining  and 
mining  engmeeriag. 

Present  position:  Elec.  Engr.,  Sutton,  Steele  &  Steele,  of  Texas;  and  Sutton, 
Steele  &  Steele  Manufacturing,  Milling  &  Mining  Co.,  of  Colo. 

John  Clarence  Taylor,  Salt  Lake  City,  Utah. 

Propoaed  by  C.  W.  Goodale,  B.  H,  Dunshee,  John  Gillie. 

Bom,  1875,  Oxford,  Wis.  1893-94,  Hamline  Univ.  1896-1901,  Grad.  Univ. 
of  Wisconsin :  B.  S.  1901-05,  Engineer  and  Salesman,  Sullivan  Mach.  Co.  1905-08, 
Engineer  and  Salesman,  designing,  selliDg  and  installing  mining,  hoisting,  and  pump- 
ing plants  with  Mine  &  Smelter  Supply  Co. 

Present  position :  1908  to  date,  Ilistrict  Manager,  Denver  Rock  Drill  Mach.  Co. 

Edward  C.  Thompson,  Kennett,  Shasta,  Co.,  Cal. 

Proposed  by  Howard  t.  Wierum,  Redick  R.  Moore,  C.  £.  Metcalfe,  J.  H.  Kerwin. 

Bom,  1881,  Dunlap,  Iowa.  1901,  B.  S.  Columbian  Univ.  (now  George  Washing- 
ton), at  Washington,  D.  C.  1902,  M.  E.  Mechanical  from  above.  1906,  LL.  B.  from 
.Vstional  Law  School,  Washington,  D.  C.  1906-07,  Furnace  work  at  Humboldt, 
Aril.,  Cons.  Aril.  Smelt.  Ck>.  1908  Furnace  work  at  Sasoo,  Arii.,  Southern  Aris. 
Smelt.  Co.  1909-10,  In  cha^  of  Roasting  Dept.  at  Midvale  Plant  CUtah),  United 
Stales  SmeltinK,  Refuting  A  Mining  Co.  1911-13,  Experimental  work  at  Kennett, 
CsL,  Maibmoth  Copper  Min.  Co.  1913,  except  four  months,  in  chai^  of  the 
amelter  at  Needles,  Cal.,  Needles  Min.  A  Smelt.  Co.  (also  U.  S.  S.  R.  ft  M.  Co.). 

Present  position:  Assisting  with  experiments  on  Hall  Frooesa. 

Lester  S.  Thompson,  Congo  Beige,  W.  Africa. 

Proposed  by  S.  H.  Ball,  P.  B.  Oliver,  A.  M.  Peterson. 

Bom,  1889,  New  York,  N.  Y.  1906,  General,  elementary  and  preparatory  schools. 
1907-11,  Columbia  Univ.,  School  of  Mines;  E.  M,  1905,  Practiced  surveying. 
I906-O7,  Practical  mining,  prospecting,  etc^  Western  U.  S.  1911,  Practical  mining. 
Cripple  Creek,  Colo.     1912-13,  Engineer,  tisp.  Cons.  Copper  Co.,  Miami^  Ariz. 

Present  position:  Engineer,  Prospector,  Companhia  de'Perquisas,  Mmeiras  de 
■\ngoU,  West  Africa. 

Stanley  M.  Walker,  Denver,  Colo. 

Proposed  by  T.  H.  Proske,  D.  W.  Brunton,  F.  M.  Taylor. 

Bom,  1887,  Denver,  Colo.  1902-06,  Tome  School  in  Maryland.  1907-11, 
Colorado  School  of  Mines.  1906-07,  Te^iutlan  Copper  Co.,  Eetada  de  Pueblo, 
Menco;  filling  various  positions  in  mine,  smelter  and  office.  1907-11,  Summers 
spent  underground  in  various  mines  in  Colorado.  1911-12,  Field  and  Construction 
Engineer,  Nevada  California  Power  Co.,  Los  Angeles,  Cal.  1912-13,  Supt,,  Madonna 
Mme,  at  Monarch,  Colo.,  and  Gen.  Mgr,  of  Monte  Cristo  mine,  Ouray,  Colo. 

Present  position:  1913  to  date,  Supt.,  Frisco  Tunnel'Co., 


High* 
Colo. 


(One 

h  School.  '  1901,  6rad.,' Colorado  School  of  Mines.  1901,  Liberty' Bell,  T^elluride, 
".iO.  1903,  Son  Juancito,  Honduras.  1906,  Penoles  Min.  Co.,  Mapimi,  Mex. 
1907,  American  Metal  Co.,  Bolivia,  S.  A.  1908,  Goldfield,  Nev.  1911,  Mapimi, 
Mexico.  1912,  New  Monarch  Min.  Co.,  Leadville,  Colo.  1013,  Pis-Pic,  Nicaragua, 
Central  American  Goldfields. 

Present  position:  Gen.  Supt.,  Central  American  Goldfields. 

Junes  Watts,  Braiil,  S.  A. 

Proposed  by  G.  Ch^mers,  F.  W.  P.  Chalmers,  J.  E.  Davies. 

Bom,  1869,  Cardiff.  General  and  Technical  education  in  Wales.  1909-12, 
Mining  course  with  International  Correspondence  Schools,  Scranton,  Pa.  1885-90, 
Cardiff  Steam  Coal  Co.  1890-1914,  St.  John  del  Rey  Mining  Co.,  Ltd.,  in  various 
positions.  Miner,  Prospector  with  diamond  drill.  Mine  Mechanic,  Shift  Boss,  Asst. 
Hme  Agent;  for  last  six  years  Chief  Mine  Asent. 

Present  position:  Chief  Mine  Agent,  St.  John  del  Rey  Mining  Co.,  Ltd. 
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degree  of  MininK  Engineer.  1909,  Siic  moaths  at  the  School  as  assistant  of  the  Pro- 
fessor of  Coal  Mining.  1909.  Sambas  (Borneo)  as  a  gold  explorer  for  the  Algemeine 
E^loratie  Maatschappy,  The  Hague,  Holland.  1911,  Supt,,  Colorado  Mine  of 
tbe  Compania  Minera  de  Oruro,  near  Oruro. 

Present  position;  Supt.  of  the  Colorado  Mine  of  the  Compania  Minera  de  Oruro, 
near  Oruro. 

Hury  L.  Wilson,  Jalisco,  Mexico. 

Proposed  by  C.  BarneB  Hoadley,  Charles  F.  Rand,  Louia  D.  Huntoon, 

Born,  1877j  Seymour,  Texas.  Preparatory  school,  Fishbure  Military  School. 
Univ.  of  Virginia;  B.  S.  Mine  engineering  in  the  coal  fields  of  West  Virginia.  Metal 
mining  in  Chihuahua,  Mex.  Cyaniding  gold  and  silver  ores  in  the  various  plants 
in  Guanajuato,  Dos  Estrellas,  Pachuca. 

Present  position:  Metallurgist,  El  Favor  Mining  Co. 

TobiM  Wolf  son.  New  York,  N.  Y. 

Proposed  by  J.  W.  Allen,  B.  B.  Thayer,  W.  S.  Harper. 

Bom,  1864,  Russia.  No  technical  education.  1889,  Lewisohn  Bros.,  United 
Metals  Selling  Co.,  and  Raritan  Copper  Works. 

Present  position:  1912  to  date,  President,  Raritan  Copper  Works;  Vioe-Pres., 
United  Metals  SelUng  Co. 

Horace  G.  Toung,  Cobalt,  Ont,,  Canada. 

Proposed  by  D.  L.  H.  Forbes,  R.  B.  Watson,  Samuel  W.  Cohen. 

Born,  1882,  Osnabruok  Center,  Ont.  1898-1902,  Preparatory  Education  in  Morris- 
burg  High  School,  Morrisburg,  Ont.,  Canada,  1902-06,  McGill  Univ.,  Montreal, 
P.  Q.;B.  S.  1907-08  Salesman  Mussens,  Ltd.,  Montreal,  Selling  Mining  Machinery. 
1909,  Construction  Engineer,  King  Edward  Mine,  Cobalt,  building  a  concentrator. 
1910-11,  Manager,  Hudson  Bay  Mines,  Ltd.,  Cobalt,  Ont.  1912-13,  Manager, 
Tretheway  Silver  Cobalt  Mine,  Ltd. 

Present  position:  Manager,  Tretheway  Silver  Cobalt  Mine,  Ltd.,  Cobalt,  Ont. 

Associate  Menders 

Hnrr;  Barry  Byrne,  Butte,  Mflnt. 

Proposed  by  Frederick  T.  Greene,  John  Gillie,  B.  H.  Dunshee. 

Bom,  1872,  Baltimore,  Md.  High  School  education.  1899-1901,  Engineer 
on  R.  R.  Construction.  19(U-04,  Biitte  Rep.  of  Paine  Webber  &  Co.,  Boston,  Mass., 
bankers  and  brokers,  operating  mmes  in  a  small  way.  Director  of  Coroin  Copper  Co., 
Butte  and  London  Mining  Co. 

Present  position:  Mgr.  Butte,  Mont.,  branch  of  Paine,  Webber  &  Co. 

W.  Hincle  Smith,  Philadelphia,  Pa. 

Proposed  by  F.  Lynwood  Garrison,  B.  B.  Thayer,  F.  W.  Bradley. 

Bom,  1861,  Philadelphia,  Pa.  1882,  Grad.  Towne  Scientific  School,  Univ.  of 
Peon.;  B.  S.  Director  of  Utah  Copper  Co.,  Chino  Copper  Co.,  Ray  Cons.  Copper 
Co.,  Nevada  Cons.  Copper  Co. 

Present  position;  Director  of  above  companies. 

Daniel  A.  Welch,  Butte,  Mont. 

Proposed  by  Frederick  T.  Greene,  John  Gillie,  B.  H.  Dunshee. 

Born,  1879,  Missoula,  Mont.  Public  Schools.  1894-95,  College  of  Mont., 
Mont.     1896-97,  Golden-Sceptre  Gold  Mining  Co. 

Present  position:  1897  to  date.  Anaconda  Copper  Mining  Co.,  International 
Smelting  &  Refining  Co. 
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Junior  Members 

Theo.  H.  H.  Cnmpton,  Golden,  Colo. 

PropoGed  by  F.  W.  Tr&phageii,  Harry  J. 

Born.  1890,  New  York  City.  1904-08,  Foimc.  .uhi.,  ..a^^^,^,u^,  ^■,.  .  .  .m-ir-.^, 
Colo.  School  of  Mines,  Golden,  Colo.  1909,  Pros.  Gold  .Min.  Co.,  Paris,  Kem  Co., 
Cftl.  1909,  Big  Stick  Gold  Min.  Co.,  Yavapai  Co.,  Ariz.  United  Verde  Copper  Co., 
Smelter  Work.  Jerome,  Arii.  Arizona  Power  Co.,  general  work,  Mayer,  Ariz.  1909- 
10,  Arizona  Copper  Belt  Min.  Co.,  Constellation,  Ariz.  1911-13,  Ceramic  Investi- 
Kstion  for  Colorado  Geological  Survey;  Tutor  and  Instructor  in  Colorado  School  of 

PresentpoBition:  1910  to  date,  Student  at  Colorado  School  of  Mines,  Reports 
OQ  Coal,  Clay,  Gold,  Copper  Properties.    Perfection  of  a  New  High  Temp.  Gas 

Furnace. 


Bom,  1890,  Hartford,  Conn.  1906,  Grad.  Grammar  School.  1910,  High  School. 
1910-12,  Trinity  CoUege.  1912,  Class  of  1915,  Lehigh  Univ.  1910-12,  Dnnna 
summer  months  of  the  years  meationed,  employed  in  the  Engineering  Department  (^ 
the  Hartford  Electric  Light  Co. 

Present  position:  Student,  Lehigh  University. 

William  Emery,  Jr.,  Elkins  Park,  Pa. 
Proposed  by  J.  F.  McClelland,  L.  W.  Bahney,  H.  L.  Wells. 

Bom  1891,  Williamaport,  Pa.  1910-13,  Yale  Sheffield  Scientific  School,  New 
Haven,  Conn. 

Present  position:  Student  in  Yale  Graduate  Mining  School. 

V^lliam  August  Hamann,  Jr.,  New  Haven,  Conn. 

ftopoeed  by  J.  F.  McClelland  L.  W.  Bahney,  H.  L.  Wells. 

Bom,  1891,  Mount  Vernon,  N.  Y.  1897-1905,  Public  Schools,  Mount  Vernon, 
X.  Y.  1906-06,  High  School,  Mt.  Vernon,  N.  Y.  1906-10,  Taft  School,  Watertown, 
Conn.    1910-13,  Sheffield  Scientific  School;  Ph.  B.    1913,  Graduate  School  of  Yale 

Present  position :  Student  in  Yale  Univ. 

Harion  Lothrop  Hanahan,  Columbia,  S.  C. 

Proposed  by  Stephen  Taber,  Thomas  L.  Watson,  J.  S.  Grasty. 

Bom,  1894,  Charleston,  S.  C.  1910,  Received  diploma  from  High  School  of 
Ourieston.  1910-14,  Univ.  of  S.  C;  expect  to  receive  bachelor's  degree  in  June, 
1914.  1912,  Worked  in  testing  laboratoo'  at  plant  of  Standard  Portland  C^ent 
Co.,  Leeds,  Ala. 

Present  position:  Student  and  Asst.  in  the  Dept.  of  Geology,  Univ.  of  South 
CaroUna. 

Jofan  Bernard  Johnson,  Golden,  Colo. 

Proposed  by  William  R.  Cbedsey,  F.  W.  Traphagen  Regis  Chauvenet, 

Bom,  1891,  Wheehng,  W.  Va.  High  School  and  Grade  at  Wheeling.  1909-10. 
Washington  and  Jefferson  College.  1910-14,  Colo,  School  of  Mines.  1906-07, 
Summers.at  National  Tube  Co.     1913,  Summer,  Pure  Oil  Co.,  Producers  and  Refiners. 

Present  position:  Senior,  Colorado  School  of  Mines, 

Samnel  Zettler  Enunm,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen,  Harry  G.  Wolf,  William  R.  Chedsey. 

Bom  1890,  Columbus,  Ohio.  1909-10,  Student  at  Ohio  State  Univ.  1910-11, 
worked  for  the  U.  S.  Gypsum  Co.,  in  Gypsum,  Va.,  under  A.  J.  Parkhuret  {Supt.), 
M  Tester  and  Mixer  Boss.  1911-12,  student  at  the  Ohio  StateUniv.  1912-14, 
Student  at  Colorado  School  of  Mines. 

Rttent  position ;  Student  at  Colo.  School  of  Mines. 
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Herand  Ealost  Nftjarun,  New  Haven,  Conn. 

Proposed  by  L.  W.  Bahney,  J.  F.  McClelland,  C.  T.  Bradley. 

Born,  1889,  Marasb,  Turkey.  Grad.  Sheffield  Scientific  School,  Yale  Univ. 
(class  of  1913).  1913,  Engineering  Dept.  Iron  Mines  of  Witherbee,  Sherman  &  Co., 
Inc.,  Mineville,  N.  Y. 

Present  position:  Grad.  Student  in  Mining  Engineering,  Yale  Univ.  - 

Arthur  Puller  Tniez,  Rolla,  Mo. 

Proposed  by  G.  H.  fcoi,  H.  A.  Buehler,  C.  R.  Forbes. 

Bom,  1886,  Newark,  O.  19M,  Rocheeter,  N.  Y^  Public  Schools.  1904-08, 
Univ.  of  Rochester;  B,  S.  Summers,  1905-08,  with  Rochester  Park  Commiasion. 
1909-12,  Rodman,  New  York  State  Eng,  Dept.  Barge  Canal. 

Present  position:  1912  to  dat«.  Student  at  Missouri  School  of  Mines. 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Mar.  10  to  Apr.  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  No.  88,  April,  1914, 
and  the  foregoing  list  of  new  members,  therefore,  supplements  the  annual 
list  of  members  corrected  to  Mar.  1,  1914,  and  brings  it  up  to  the  date 
of  April  10,  1914. 

AoNBW,  William  C 218  N.  15th  Ave.  K,  Duluth,  Minn. 

BcaaER,  W.  F.  B Colo.  Natl  Bank,  penver,  Colo. 

Betts,  Anbon  G Staekhouse,  N.   C. 

Blair,  A.  F Box  1830,  Seattle,  Wash. 

Bbownino,  Will  C Magma  Copper  Co.,  Superior,  Arii. 

Cairns,  John  M Drummond  Gardens,  Anniesland,  Glasgow,  Scotland. 

Carlbton,  Jaweb  G Cia.  Huanchaca  de  Bolivia,  Pulacayo,  Bolivia. 

Carlylb,  E.  J 608  Cedar  St.,  Anaconda,  Mont. 

Charles,  W.  W 346  South  Ardmore  Ave.,  Los  Angeles,  Ca!. 

Choatb,  Watne |1002jHollingsworthiBldg.,  Loa  Angeles,  Gal. 

Clarkb,  Ror  H 642  Peyton  Blk.,  Spokane,  Wash. 

Cleland,  Geo,  A 700  Journal  Bldg.,  Portland,  Ore. 

Collins,  A Box  144,  Seattle,  Wash. 

CoHKiLL,   Edward   T Copper  Cliff,   Ont.,   Canada. 

Cox,  HbrbbrtJB Ringwood  Co.,  60  Church  St.,  New  York,  N.  Y. 

CoYLB,  John  A * 418  N.  St.  Clair  St.,  Pittsburg,  Pa. 

CftART,  Charles  N Kimberly,  Nev. 

Dblano,  Frederic  A.,  UU^Transportation  Bldg.,"Dearborn'&''HaiTison  Sta., 

Chicago,  ni. 
Draper,  Carl  H.,  Care  Merquital  Mining  Co.,  Apartado  77,  Guadalajara, 

Jal.,  Mexico. 

Dresser,  Clarence  G R.  F.  D.,  Burch,  Globe,  Aril. 

Eldred,  Btron  E 50  East  41st  St.,  New  York,  N.  Y. 

Elliott,  Roy  H 6435  Hillegass  Ave.,  Oakland,  Cal. 

Elmer,  Will  W 518  N.  E.  26th  St.,  Portland,  Ore. 

Emlaw,    H,   S Spring  Lake,    Mich. 

Emmons,  Newton  W 415  Rogera  Bldg.,  Vancouver,  B.  C,  Canada. 

Ed,  8.  H lEuSweeGuatStr.,  Kuala-Lumpor.F.  M.S. 

Fitch,  Max  B 603  Central  Bldg.,  Loe  Angeles,  Cal. 

Fleminq,  Edward  P Harvard  Observatory,  Cambridge,   Mass. 

Froeblino,  Henry .- 1800  Hanover  Ave.,  Richmond,  Va. 

Gard,   Irvinq  R Care  Mecca  Colliery   Co.,   Eagle,   W,   Va. 

Gipps,  F.  G.  deV....Mt.  Shamrock  G.  M,,  via  Maryborough,  Queensland,  Aust. 

Gebit,  A.  J Apartado  263,  Matanias,  Cuba. 

Greene,  Fbed  Torrell 316  State  Savings  Bank  Bldg.,  Butte,  Mont. 

Grgensfblder,  Nelson  S 721  So.  E.  St.,  Tacoma,  Wash. 

Gbipfiths,  J.  Norton.  .3  Central  Buildings,  Westminster,  London,  S.  W.,  England. 

Haas,    J.    C Care    Micheber's    Camp,    Salesville,    Mont. 

Hauilton,  Habrt  T Moctesuma  Copper  Co.,  NacoEsri,  Son.,  Mexico. 

Heroult,  P 37  Rue  Cortambert,  Paris,  [^«noe. 
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HtnwoM,  A.  W P.  O.  Box  657,  Douglas,  Am. 

iMHorr,  A1.EX Box  104,  Battle  Mountain,  Nev. 

loKiDES,  S.  A^  Mia.  and  Met.  Engr 802  Equitable  Bldg.,  Denver,  Colo. 

JoHNBOK,  C.  B Hotel  MaraeilleB,  Broadway  A  103d  St.,  New  York,  N.  Y. 

JuDSOK,  WlLBBB Instructed  to  bold  all  mail. 

Kano,  Shikichi Fukuoka  Komueho,  Fukuoka,  Japan. 

Kawamuiia,  Takesbi Mining  Dept.,  Mitaubishi  Co.,  Tokyo,  Japan. 

Kbpneb,  RosbB 363  E.  Pearl  St.,  Los  Angeles,  Cal. 

KiHBALL,  E.  B 284  Mountain  Ave.,  Piedmont,  Alameda  Ck>.,  Cal. 

KuBiE,  F.  M Key  West  Apartment,  Loa  Angelee,  Cal. 

UvEET,  V.  M Box  86,  Llanerch.Pa. 

L&WBtE,  Fbank  C Nanchital,  Puerto,   Mexico.  Ver. 

LiWTON,  N.  O Lawton,  Mich. 

LiMNB,  Edwakd  F 406  W.  Onondaga  St.,  SyracuBe,  N.  Y. 

Lomt,  Cabi,  H Care  Ottawa  Mine,  Slocan  City,  B.  C,  Canada. 

Malcombon,  a.  B.,  Jb 2435  Morris  Aye    New  York,  N.  Y. 

Mann,  Wiixiam  Seward 910  Donaldson  Bldg^  Minneapolis,  Minn. 

Mimnxa,  J.  F Holkol,  Whang  Hai  Prov.,  Chosen,  Korea. 

Massh,  R 1532  West  7th  Ave.,  Seattle,  Waah. 

MABsa,  Robert,  Jr Care  E.  Bennett,  165  Broadway,  New  York,  N.  Y. 

Mabshaui,  S.  M.,  Asst.  General  Manager,  A.  J.  Haws  &  Sons,  Ltd.,  Johnstown,  Pa. 

Metcam,  Fbank  A Box  168,  Juneau,  Alaska. 

MwecH,  W.  C ■. .   Cinoo  Mines  Co.,  Magdalena,  Jal.,  Mexico. 

M0BKI8ON,  Wai/ter  I Marme  Bank  BIdg.,  Erie,  Pa. 

MoTTBR  W.  D.  B.,  Jr.,  Benson  Mines  Co.,  Benson  Mines,  St,  Lawrence  Co.,  N.  Y. 

Xaobl,  Frank  J No.  3  Fisk  Apts,,  El  Paso,  Texas. 

Nichols,   H.   W Reld   Museum  of   Natural  History,   Cbicago,   III. 

XicHOLBON,  Fbanx,  Care  London  City  &  Midland  Bank,  Ltd., 

6  Threadneedle  St.,  London,_E.  C,  England. 

Or,  Charles. Cumanayagua,  via  Cienf  uegos,  Cuba. 

PATUAi^GBOBas  W 1621  Vallejo  St.,  San  I'ranciBCO,  Cal. 

Plait,  Edwin  H 932  Equitable  Bldg.,  Denver,  Colo. 

PoETUQAL,  Joseph  H Swartnmore  Lodge,  Bryn  Mawr,  Pa. 

pRswncB,  RcBSEix. P.  0.  Box  580,  Vancouver,  B.  C. 

Rkjsci,  p.    P Melcher,    Marion    Co.,    Iowa, 

Rice,  Jobk   A Silver   Center,   Ont^    Canada. 

HoeERTBON,  J.  D 1403  Syndicate  Trust  Bld^.,  St.  Louis,  Mo. 

Robinson,  Harbt  O Calle  Madrid   15,   Mexico  City,   Mexico. 

Samdoval,  P P.  O.  Box  B,  Nogalea,  Ariz. 

ScHOWEUD,    W-    D Aspen,    Colo. 

Shibab,  Wif.  McGiLVBA.T 5746  Aylesboro  Ave.,  Pittsburg,  Pa. 

SUTEB,  J.  L.,  Jr 1064  Gilbert  St.,  San  Francisco,  Cal. 

SurTH,  C.  Ai£ERT,  "Forminiere-Kasai  Diamonds,"  Kinchasa,  Congo  Beige, 

West  Africa. 

Shttb,  E.  Pbrct Wallace,  Idaho. 

Srtmb,  a.  E 239  So.  Fairmount  St.,  E.  E.,  Pittoburg,  Pa. 

Spebbi,  R.  8 Douglas,  Aris. 

Spboat,  a.  D.  . . .  Care  Guanajuato  Cons.  Min.  &  Mill.  Co.,  Guanajuato,  Gto.,  Mexico. 

Stbel,  a.  a Parma,  Ida.,  Route  1. 

SrewABT,  J.  B The  American  House,  Bordentown,  N.  J. 

SrtNEB,  NoRUAN  C,  Polevskoj  savod.  St.  Mramorskaja,  Government  of  Perm,  Russia. 

Stbaubs,  Lehtbb  W Casilla  1174,   Valparaiso,  Chile,  So.   America. 

Stbaw,  Charles  A No.  1  Willord  Place   Hudson,  N.  Y. 

Stroheckkr,    J.    W Garfield,    Wash. 

Tatlor,  Jawbb "Cartret"  Brierley  St.,  Mosman,  N.  S.  W.,  Aust, 

Tatlor,  8.  a 606  2nd  National  Bank  Bldg.,  Pittsburg,  Pa. 

Thomas,  Kirbt 43  Exchai^  Place,  New  York,  N.  Y. 

Thropp,  J.  E.,  Jb Care  Dr.  Wm.  M.  Irvine,  Mercersberg,  Franklin  Co.,  Pa. 

Tonkin,  S.  J 614  8.  2d  St.,  MeAlester,  Okla. 

Tobbes,  P.  L 3019*  Tuloroaa  St.,  El  Paso,  Texas. 

TsiecHKA,  Cabl P.  O.  Box  2322,  Bisbee,  Ariz. 

Undebwood,  a.  J Bland,  N.  M. 

Wamworth,  M.  E.,  Dean,  Pro(.  of  Geol.,  etc.  School  of  Mines, 

Univ.  of  Pittsburg,  Pittsburg,  Pa. 

WAiTE,  Henry  M City  Hall,   Dayton,  Ohio. 

Watt,  Arthur  P St.  Louis  Smelting  &  Refining  Co.,  St.  Francois,  Mo. 
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Wbthbt,  A,   H Lemoore,  Einga  Co.,  Cal. 

Whttb,  R.  T Care  Caucasus  Copper  Co.,  Ltd.,  Diansoul,   Russia. 

WiLLiAMB,  Ralph  B 8S  Federal  St^  Salem,  Mass. 

Wilson,  J.  Bowre Wentworth  Court,  Elisabeth  St.,  Sydney,  N.  S.  W.,  Aust. 

Worth,  John  G Sante  Fe,  N.  M. 

Yang,  Cho UanyanK  Iron  &  Steel  Wks.,  Hanyang,  China. 

Ybandle,  William  H.,  Jr Care  Guiiermo  Brockmann, 

2a  Capuchinas  No.  65,    Mexico  City,  Mexico. 
Zbllbr,  H.  P P.O.  Box  121,  Youngatown,  Ohio 

Addresses  of  Members  and  Associates  Wanted 

Name.  Last  Address  of  Record,  from  which  Mail  has  been  Returned. 

ADAua,  Ralph   E Amer.    Smelters  Securities   Bldg.,    Velardena,  Mexico, 

AuER,   Charles  I Eetacion  de   PedriBena,   Dur.,    Mexico. 

Brtce,  R.   a Ross  M.    M.   Co.,  Silverton,  Colo. 

Caldwell,  F.  B Candelaria  Cons.  Mex.  Mine  Co,,  San  Dimas,  Dur.,  Mexico. 

Claudbt,  H.  H RoBsland,  B.  C,  Canada. 

Cook,  Edward  H Berimoa,  via  Bonalas,  Dur.,  Meidco. 

DisBROw,  W.  F 1108  Foster  Bldg.,  Denver,  Colo. 

GoBTTKB,  Frederick  B Mexican  CandelwU  Co.,  San  Dimas,  Dur.    Mexiw). 

Lavert,  V.  M Care  S.  A.  Stephens,  Real  Estate  TniBt  Bldg.,  Philadelphia,  Pa. 

Lawrence,  T.  J Topia,  Dur.,  Mexico, 

MaR8T0N,P.  L P.  0.  Box  826,  Tonopah   Nev. 

RuREL,  MtLTON  L Pilonea  Min,  Co.,  Topia,  Dur.,  Mexico, 

ScoBET,  J.  C 3424  Colfax  Ave.  B,,  Denver,  Colo. 

SlMONDs,  E.  H 1108  Crocker  Bldg.,  San  Francisco,  Cal, 

SwrrH,  F,  G.  D.,  Mgr,,  Santo  Domingo  Silver  Min.  Co.,  Batopilas,  Chih.,  Mexico. 

Truax,  Sewall Highland  Park,  111. 

Wallace,  Robert Lovelock,  Nev. 

WcNiaER,  Rddolf Ojuelo,  Dur.,  Mexico. 

Wheelwright,  0.  W Madison,  Wis, 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  March  10  to  April  10, 1914: 

Date  of 

Election.  .Nome.  Date  of  Decease, 

1912  •Barager,  Geoi^  W January     — ,    ""' 

1883  'Paton,  Maurice  B December    3, 

1913  'Ranft,  William  Q March        12, 

1886  'Westinghouse,  George March       12,    1911- 

BioQSAPHicAL  Notice 

Frederick  Elwell  Woodbury,  Vice-President  of  the  Newport  Mining 
Co.,  was  killed  by  an  accident  at  Ironwood,  Mich.,  on  Jan.  21,  1914. 

Mr.  Woodbury,  the  only  son  of  Leander  S.  Woodbury  and  Mary 
Davis  Woodbury,  was  born  at  Nashua,  N.  H.,  Apr.  7,  1862.  In  1870 
his  family  moved  to  Burlington,  Vt.,  where  he  attended  the  public  schools, 
graduating  with  honors  from  the  High  School  in  1880. 

After  a  year  in  the  Civil  Service  he  went  to  the  Lake  Superior  copper 
country,  where  his  father  was  then  engaged  as  Superintendent  of  Motive 
Power  for  the  Calumet  &  Hecla  Mining  Co, 

Mr.  Woodbury  entered  the  service  of  the  same  company  in  the  Civil 
EogineeriDg  Department,  remaining  there  until  1884.  He  than  spent 
two  years  as  a  special  student  at  the  Maasachuaetts  Institute  of  Tech- 

*  Member. 
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nology.  Returning  to  Calumet,  he  was  employed  as  Assistant  Mining 
Engineer  by  the  Calumet  &  Hecla  for  about  two  years,  wheu  be  was 
transferred  to  their  smelting  worits  as  Chemist,  where  he  remained  until 
1890.  From  1890  to  1892  he  was  employed  by  Ferdinand  Scblesinger, 
of  Milwaukee,  as  Mimng  Engineer  at  the  Cbapin  Mine,  Iron  Mountain, 
Mich.  He  then  returned  to  the  Calumet  4  Hecla,  where  for  about  four 
years  he  did  special  work  as  an  expert  in  milling  and  concentrating. 

From  1896  to  1898  he  was  again  associated  with  Mr.  Scblesinger  as 
Mine  Manager  at  Ironwood.  In  1898  he  accepted  a  position  as  expert 
in  charge  of  experiments  at  the  Calumet  &  Hecla  Stamp  Mills.  His  work 
there  resulted  in  greatly  modifying  and  improving  milling  practice  in 
the  Lake  Superior  copper  country.  The  Woodbury  system  of  concentra- 
tion was  developed  during  this  period;  by  this  system,  unlike  previous 
practice  and  in  opposition  to  the  then  accepted  theories,  the  mixed  sizes 
of  ores  are  treated,  thus  largely  eliminating  the  preliminary  sizing.  For 
this  work  he  designed  the  Woodbury  alime  classifier,  middling  and  bull 
jigs,  now  very  largely  used  throughout  the  country.  The  Woodbury 
mortar-discharge  jig,  an  ingenious  device  for  removing  large  pieces  rf 
native  copper  from  the  stamp  mortars,  is  among  bis  valuable  contribu- 
tions to  the  development  of  the  copper  industry. 

In  1900  Mr.  Woodbury  finally  severed  his  connection  with  the  Calumet 
&  Hecla  and  renewed  his  connection  with  Mr.  Scblesinger,  which  con- 
tinued until  his  death.  During  these  years  he  was  technical  adviser 
in  all  the  various  Scblesinger  enterprises.  He  took  an  active  part  in 
the  development  of  the  Newport  mine.  He  was  an  important  factor 
also  in  the  development  of  the  coke-oven  plant  of  the  Milwaukee  Coke 
&  Gas  Co.  from  the  time  of  its  inception.  Perhaps  the  most  important 
work  which  he  undertook  in  this  connection  was  the  design  and  installation 
of  a  plant  for  the  preparation  and  mechanical  loading  of  foundry  coke 
into  box  cars.  The  successful  solution  of  the  problems  met  with  was 
specially  difficult,  due,  partly,  to  local  conditions,  and  because  of  Mr. 
Woodbury's  determination  to  improve  upon  all  plants  which  up  to  that 
time  had  been  in  use  for  the  purpose  and  which,  in  his  opinion,  only 
partly  accomplished  the  desired  results.  After  much  experimental  work, 
it  was  clear  to  him-  that  it  would  be  necessary  to  abandon  practically 
everything  which  had  been  used  and  to  begin  anew.  The  development 
work  covered  several  years,  during  which  time  many  unexpected  ob- 
stacles were  encountered  which  would  have  spelled  failure  to  a  man  of  less 
determiQatioD.  However,  in  accepting  each  new,  unsatisfactory  develop- 
ment in  the  light  of  a  lesson,  success  finally  attended  his  efforts,  and  he 
gained  for  himself  the  reputation  of  having  developed  the  most  complete 
mechanical  arrangement  for  preparing  and  loading  foundry  coke  in  the 
United  States. 

He  made  careful  investigations  of  many  mining  properties  in  this 
country,  Canada,  and  Mexico,  for  which  work  he  was  especially  well 
fitted.  Under  his  supervision  preliminary  plans  for  the  development 
of  a  coal  property  in  Kentucky  had  recently  been  completed. 

Mr.  Woodbury  was  married  Dec.  29,  1887,  to  Helen  Grant  Duncan, 
who  survives  him. 

Mr.  Woodbury's  personality  was  well  described  by  one  who  knew  him 
intimately  for  many  years:  "He  was,  as  a  young  man,  intellectually 
keen,  with  a  zest  for  life,  yet  generous,  considerate,  and  of  a  peculiarly 
clean  mind.    The  passing  years  with  their  responsibilities  and  trials 
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seem  to  have  developed  the  strong  fiber  of  this  man  without  producing 
anything  of  harshness.  His  character  was  marked  by  a  most  unusual 
blending  of  gentleness  and  strength.  The  world  needs  such  men  and  his 
untimely  loss  is  a  great  one;  still  he  lived  much  and  well,  in  the  best 
sense,  in  his  allotted  time.  He  did  much  more  both  professionally  and 
personally  for  his  generation  than  is  given  to  most  men  to  accomplish 
in  many  more  years.  Those  who  knew  him  best  most  fully  appreciate 
his  worth," 

Mr.  Woodbury  became  a  member  of  the  Institute  in  1904. 
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EXECUTITB  COMMITTEES  OF  LOCAL  SECTIONS 
tfea  York 

L0UI8  D.  HUNTOOX,  Clutirmm. 

ABTHUB  8.  DWIOET,  Viat^liatrwuut. 

THOUAB  T.  B£AD,  Btnlarv.  Woolvorth  Bids.,  Naw  Turk,  N.  T. 

E.  UALTBY  8&IPP,  Tmturtt. 

GBOBOB  F.  KUHZ,  W.  Da  L.  BENEDICT. 

Boiton 

ROBBET  B.  EICBARDS.  CHoAwoii. 

ALBERT  SAOVBUR,  Vtf-Clialrman. 

AUGUSTUa  B.  ED8TIS.  8«cnlartr-I>»«iir»r,  131  8t*W  St.,  BoMon,  HHi. 

TIMOTBT  W.  8PRAOTJE.  HENRT  A.  WBNTWORTH. 

CotumUa 
F.  A.  Thomson,  ciainwH. 

GEORGE  W.  RODDEWIO,  Ylet-ChafnitaK. 

I.TNDON  K.  ARUBTRONQ,  Swntarv-IVHUHnr,  P.  O.  Dnwar  31H,  Spokun,  Wuh. 

R.  B.  UcCAFFBBT,  B.  B.  RICHARDSON. 

Puget  Sound 
JOSEPH  DANIELS,  C 
J.  N.  POTT,  V 

I.  F.  LAUCS8,  Bterttarif-TTtatunr,  SB  Ytiimt  Way,  BaaUta,  Waih. 

A.  F.  BLAIR,  CBESTEK  F.  LEE. 

Sotiihem  CaHfomia 

TBEODORB  B.  COMBTOCK,  CJuirman. 
SEELEY  W.  MDDD.  Via^luiirman. 
FREDERICK  J.  H.  MERRILL,  S«cmarv-TV*aMnr,  SOO  OannalD  Bldc.Loa  Ao«1m,  Cal. 
C.  COLCOCK  TONES,  FRANK  ROBBINS. 

Cotorado 

FRANK  BOLKLEY,  Cliairman. 
C.  LORIMBB  COLBDRN.  StcntaryTnatuTtr,  «U  Idaal  Bldic.,  Dannr,  Colo. 
S.  A.  lONIDEB,  JAMEB  M.  McCLAVE,  DAVID  G.  MILLER. 

Montana 

E.  P.  MATHBWBON,  C<k<i<nii«. 
FRANK  H.  SMITH.   Yiet^lutrmiBt. 
D.  C.  BARD,  atmarp,  UoDtana  Steta'Sehool  of  Mima.  ButU,  Mont. 
JAUEB  L.  BRUCE,  OSCAR  BOBN. 

San  PrandKO 

8.  B.  CHRlffTT,  CfcoAwoii. 

H.  C.  HOOTBB,  Fiaa-Clkairaun. 
ABBOT  A.  HANKS,  8Mr<{ar|rIV«Mar*r,  SSO  SaenmaDto  St.,  San  FnaaUoo,  Cal. 
F.  W.  BBADLEV  C.  W.  MERRILL. 

PcniuvbonJa  AnthraciU  Section 

R.  T.  NORRIB,  Chaitmtn. 
W.  J.  RICHARDS,  CHARLES  F.  HUBER, 

RUFDS  J.  FOSTER,  DOUGLAS  BUNTING, 

EDWIN  LUDLOW,  FRANK  A.  HflX. 

CHARLES  ENSIAN,  JOHN  M.  HUMPHBBY. 

St.LovU 

HERBERT  A.  WHEELER,  Ctuirmaik. 

FIRHIN  T.  DBSLOGE.  Fica-Ckairwm. 
WALTER  B.  UcCOU&T,  SMnfary-fnuurir.  WaahlsatoD  UdIt.,  St.  Loida,  Mo. 
J.  W.  UALCOLM80N,  R.  A.  BULL,  FEILIF  N.  UOORE. 

Chicago  ComrniUee 

R.  W.  HUNT,  Ckairman. 

I.  A.  EDE,  Tict-Chaiman. 
H.  W.  NICHOLS,  S*a'1arfTr4tmrir.  Held  ColumbUa  Munom,  CUdbco,  III. 
a.  H.  DAVIDSON.  F.  E.  COIVLAND. 
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STANDING  COMMITTEES 

ExaetOiM 

BENJAUIN  B.  THAYER,  (nanuM. 

CKARLES  F.  RAND, 
JOSEPH  W.  RICHARDB. 

Mtmbtnkip 

EARL  EILERS,  Cikafratos. 
'.  R,  INQALLa,  JOHN  H,  JANEWAY.  J»., 


JOHN  D.  IRVING, 


EARL  EILElta, 


SIDNEY  J.  JENNINQ& 

Pintme« 

CHARLES  F.  HAND.  Ckiinum. 

W.  L.  BAHNDERS. 

Library 
E.  OYBBON  SFILSBDaY.  Ckalrmvi.* 


Papers  and  PtAlieatioru 

BRADLEY  8TOUOHTON, CAoinwan, 


LEONARD  a.  ADBTIH, 
JOHN  BIREINBINE, 
DAVID  W.  BRUNTON, 
QELASIO  CAETANI, 
WILLIAM  CAMPBELL, 
ALBERT  E,  CARLTON, 
ALLAH  JAY  CLARE, 
NATHANIEL  H.  EMMONS, 
JOHN  W,  FINCH, 
CHARLES  E.  FULTON, 
JAMES  QAYLEY, 
CHARLES  W.  OOODALE, 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFUAN, 
HENRY  M.  HOWE, 


L0VI8  D.  HTJNTOON. 
L.  0.  EELLOGQ. 
WILLIAM  KELLY, 
JAMES  F.  EEMF, 
CHARLES  EIBCHHOFP, 
CHARLES  K.  LEITB, 
ANTHONY  F,  LUCAS, 
RICHARD  MOLDENEE, 
BEELEY  W.  MUDD, 
HENRY  8.  MDNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARSER. 
EDWARD  D.  PETERS, 
ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 


ROBERT  H.  RICHARDS, 
HEINRICH  RIE8, 
E.  F.  ROEBER. 
RENO  H.  SALES, 
ALBERT  SAUTROB, 
CHARLES  E.  SHAMEL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE, 
RALPH  E.  SWEETBER, 
FELIX  A.  VOQEU 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHEIi. 


COMMITTEE  ON  JUNIOR  MEMBERS  AND  AFFHIATED  STUDENT 
SOCIETIES 


BARRY  B 


BTOEE, 


Viet-ChairmMt 

CHARLES  H.  FULTON,  WILLIAM  B.  PHILLIPB. 

FREDERICS  W.  SPERR,  RBOIS  CHAUVSNBT. 

OEOROE  J.  YOUNQ, 
WALTER  R.  CRANE,  Awitary,  Paonq^lTaidft  BUta  CoUtfa.  BUta  CoUaca,  Pi. 


LCTHER  W.  BABNEY, 
DAR8IE  C.  BARD, 
ROBERT  E.  BRADFORD, 
SAMUEL  W.  BEYER. 
QUY  E.  COS. 
JOSEPH  DANIELS. 
KOAB  F.  DRAKE, 


FRANE  W.  DCRKBE, 
HOWARD  BCEFELDT, 
DAVID  M.  FOL90M, 
R.  R.  GOODRICH, 
CHARLES  E.  LOCEE, 
HENRY  B.  MELLER. 
WALTER  B.  MORLEY, 


CHARLES  J.  NORWOOD, 
GEORGE  8.  RAYMEB. 
HEINRICH  RIEB, 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON, 
CLINTON  M.  YOUNQ. 


RECEPTION  COMMITTEE,  INTERNATIONAL  ENGINEERING  CONGRESS 

E  E.  OLCOTT,  GEORGE  F.  RUNZ. 


'  Until  Feb.,  1915.    '  Until  Feb.,  1916. 


I  Until  Feb.,  1617.    'Until  Feb.,  1918. 
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C»HMITTEE  ON  INCREASE  OF  MEMBERSHIP 

ADOLPBB  B.  BORIS,  CJairmom. 

Yie^-Chabmm 

aEORGE  D.  BARRON.  PHILIP  N.  MOORE. 

EDVARD  H.  BENJAMIN,  ROBERT  &.  RICHARDS. 

FRED  H.  B08TWICK.  HILNOR  ROBERTS. 

ELI  T.  CONNER,  CARL  8CB0LZ. 

C.  R.  CORNING.  WILLIAM  WRAITH. 

WALTER  DOUGLAS. 

THOMAS  T.  READ.  Stirlart,  Wtralwortli  Bldia.,  Niir  Tork,  N.  Y. 

EDWARD  W.  PARSER. 
ROBERT  PEBLE, 

D.  C.  BARD.  EDWIN  C.  HOLDEN.  CHARLES  P.  PERIN, 

W.  Di  L.  BENEDICT,  WILLIAM  L.  BONNOLD,  JOHN  B.  PORTER. 

S.  W.  BEYER.  WALTER  E.  HOPPER,  JOS.  HYDE  PRATT, 

A.  C.  BOYLE.  Ja..  REGINALD  E.  BORE.  FRANK  A.  RAT. 

FREDERICS  BRADSHAW,       TADASBIRO  INOUYE,  R.  M.  RAYMOND, 

JOHN  C.  BRANNER,  ROYAL  P.  JARVIS.  CHARLES  RHODES, 

3-  E.  BDTLER.  C.  COLCOCE  JONEB.  LbROY  BALSICH. 

PALMER  GARTER,  EUGENE  P.  KENNEDY.  HENRY  LLOYD  8MYTH. 

ULAN  JAY  CLARK,  O.  E.  LADD,  R.  B.  STANFORD. 

CEO.  U.  C0LV0C0RE88E8.      H.  N.  LAWRIE.  C.  A.  STEWART. 

F.  CRABTREB,  CHESTER  F.  LEE,  STEPBBN  TABER, 

QBORQE  C.  CRAWFORD,  RICBARD  S.  MoCAFFERY,       KNOX  TAYLOR. 

0.  a  DAVIDSON,  S.  W.  McCALLIE.  JOSEPH  A.  VAN  MATER, 

JAMES  B.  DOUOLAB.  JAMEB  F.  MoCLELLAND,  ARTHUR  L.  WALKER, 

N.  F.  DRAKE,  MILTON  H.  MoLEAN,  ELTON  W.  WALKER, 

DAMON  D.  DUNKIN.  C.  Q.  MEMMINGEB,  CBO  YANO. 

HOWARD  N.  EATENBON,         T.  H.  O'BRIEN.  C.  M.  YOUNG, 

HOWARD  ECHFELDT,  JAMEB  J.  ORMBBEE,  MORRISON  B.  YUNG. 

INSTITUTE  REPRESENTATIVES 
UniUd  Engineering  Society  TntUet 

JAMES  F.  KEHP,>  JOBEPB  BTRDTHERS,*  CHARLBB  F.  RAND.' 

Library  Board,  United  Engineering  Society 

C.  R.  CORNING,* 

JOBN  HAYB  HAMMOND.) 

ALEX.  C.  HUMPBREYB,' 

JoAn  FriU  Medal  Board  of  Award 
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Turbo  Blowers  for  Blast-Funiace  Blowing 

BI    RICB&RD    B.    BICE,    W£ST    LYNN,    UASS. 

Turbo  blowers  for  blast-furnace  blowing  have  now  been  in  use  for 
some  years,  and  a  review  of  the  experience  gained  and  the  present  state 
of  progress  may  be  interesting. 


FiQ.  1. — Steau  Turbine  Direct  Connected  to  Air  Coufresbor. 

The  first  blaat-furnace  blowing  engine  of  this  type  to  be  installed  in 
America  was  built  by  the  General  Electric  Co.  and  is  installed  at  the  Ox- 
ford Furnace  of  the  Empire  Iron  &  Steel  Co.  This  machine  was  put  into 
operation  March  8,  1910.  A  duplicate  unit  is  situated  at  the  furnace 
of  the  Northern  Iron  Co.  at  Port  Henry,  N.  Y.,  which  unit  was  put  into 
operation  June  30,  1910  (Fig.  l). 

These  two  units  consist  of  six-stage  compressors  driven  by  four-stage 
Curtis  turbines,  operating  at  variable  speeds  depending  on  furnace  condi-  _ 
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tioDS,  the  maximum  speed  being  1,960  rev.  per  minute.  The  rated  vol- 
ume is  22,500  cu.  ft.  of  actual  free  air  per  minute. 

Sincethen,  besides  these  units,  there  have  been  built,  installed,  and  put 
in  operation  by  the  General  Electric  Co.,  two  25,000  and  four  45,000  cu.  ft. 
machines;  and  by  other  builders,  one  20,000,  two  40,000,  and  one  50,000 
cu.  ft.  machines. 

Therefore,  the  total  number  of  blast-furnace  blowing  engines  of  tbb 
type  on  which  experience  is  available  is  12. 

Besides  these,  the  General  Electric  Co.  has  built,  installed,  and  has  in 
operation  23  multi-stage  turbo-driven  air  and  gas  compressors. 

Method  of  Rating — Air  Measurement 

At  the  outset  a  radical  difficulty  presented  itself.  The  rating  of  a 
reciprocating  steam  or  gas  blowii^  engine  is  usually  based  on  displace- 
ment and  this  method  is  usually  the  basis  of  the  determination  (for  practi- 
cal purposes)  of  the  amount  of  air  being  blown  at  any  time.  For  the 
turbo  blower,  actual  measurement  of  the  air  is  the  only  criterion.  If  any 
other  standard  is  used,  an  assumption  is  at  once  necessary  as  to  the  actual 
relation  of  the  standard  to  the  facts.  The  ratio  between  displacement  and 
actual  air  delivered  varies  with  many  factors,  as  follows: 

Clearance  Bpa(»  in  air  cylinders  (as  preaaure  of  air  delivered  increases  more  air  is 
necessary  to  fill  this  space,  decreasing  air  actually  delivered). 

Leakage  past  air  pistons  (increases  with  increase  of  air  pressure). 

Leakage  past  inlet  and  discharge  valves  (tends  to  increase  with  increase  of  air 
pressure). 

Insufficient  area  of  inlet  valves  (prevents  cylinder  from  filling  on  suction  stroke). 

High  temperature  of  air  at  beginning  of  compression  stroke. 

Insufficient  ares  of  discharge  valves  (prevents  cylinder  from  completely  dis- 
charging). 

Waves  in  discharge  pipe  (same  result  aa  insufficient  discharge  valves). 

Inertia  of  valves  (has  same  general  effect  aa  insufficient  valve  area— in  addition 
causes  slip  or  back  blow  on  return  atioke). 

Improper  timing  of  mechanically  driven  valves. 

From  these  causes,  the  actual  air  delivered  may  and  often  does  amount 
to  only  70  or  80  per  cent,  of  the  displacement. 

On  account  of  these  discrepancies  between  rated  and  actual  operating 
conditions,  the  first  turbo  blowers  installed  were  found  to  be  too  lat^e  for 
the  work.  They  were  rated  and  proportioned  to  deliver  normally  22,500 
cu.  ft.  of  free  air  per  minute  at  15  lb.  normal  or  average  pressure,  with  a 
maximum  pressure  capacity  of  30  lb.  As  a  matter  of  fact  neither  engine 
has  ever  blown  over  18,000  cu.  ft,  per  minute. 

It  was  soon  found  that  the  steadiness  of  blast  and  perfect  control 
which  are  the  prime  characteristics  of  this  apparatus  resulted  in  an  in- 
creased output  from  the  furnace  and  an  improved  quality ;  and  these  facts 
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have  been  noted  in  all  Biiuilar  installations  where  comparative  data  or 
experience  can  be  had.  The  chief  difficulty  is  to  prevent  overblowing  of 
the  furnace,  since  it  is  difficult  for  furnace  men  to  think  in  terms  of  the 
new  rating,  and  until  they  do,  the  furnace  is  always  supplied  with  too 
much  wind. 

IHfficuUies  Experienced 

A  number  of  difficulties  have  been  experienced  with  these  machines 
which  are  worth  cataloguing. 

The  first  difficulty  met  with  was  pulsation,  or  fluctuation  of  pressure, 
which  occurs  at  volumes  of  say  one-half  normal  rating  and  less  (varying 
with  the  blast  pressure).     This  pulsation  consists  of  pressure  fluctusr 


Fig.  2. — Cehtbipuqal  CoupmiaaoR  Direct  Connected  to  Steam  Turbine. 

tions  or  waves  of  one  or  more  pounds  magnitude,  and  having  a  wave- 
length period  of  from  one-half  to  one  minute,  depending  on  the  volume  of 
blast  main  and  stoves  which  may  be  connected  to  it,  Thb  phenomenon 
has  been  entirely  overcome  in  the  machines  which  I  have  designed  by  the  use 
of  ablast  gate  (butterfly  valve)  in  thesuction  pipe,  between  the  air  governor 
and  the  compressor.  It  is  found  that  a  very  moderate  throttling  by  this 
blast  gate  is  sufficient  to  eliminate  pulsation  entirely  (Fig.  2). 

A  difficulty  met  with  in  the  first  units  built  consisted  in  expansion 
of  the  bM-es  in  the  hubs  of  the  impeller  wheels  at  maximum  speeds,  due  to 
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insufficient  allowance  for  forcing  fits.*  A  mere  statement  of  tbedifficulty 
indicates  the  proper  remedy,  which  when  appli^  entirely  eliminated  the 
difficulty. 

Some  of  the  turbines  used  have  given  trouble  by  throwing  off  buckets. 
This  difficulty  was  finally  traced  to  steam  impulses  corresponding  to  the 
free  period  of  the  buckets,  and  was  eliminated  by  a  change  in  the  steam 
nozzles. 

Southern  furnaces,  using  leaner  ores,  which  are  besides  of  a  sticky 
nature,  and  also  using  rather  poorer  cokes  than  their  Northern  proto- 
types, require  more  wind,  and  a  higher  pressure  of  blast.  This  severer 
service  has  brought  out  a  weakness  in  impeller  design.  The  entrance 
portion  of  some  impellers,  although  of  a  stiff  and  rigid  shape,  has  been 
found  subject  to  cracks  and  breakage  due  to  reed-like  vibrations  in  the 
air  currents,  and  these  parts  have  been  greatly  strengthened  and  stiffened. 

An  accident  to  the  turbine  of  a  50,000  cu.  ft.  compressor  at  Birming- 
ham, due  to  the  bursting  of  a  turbine  wheel,  has  been  clearly  proved  to 
have  been  due  to  cracks  produced  in  heat  treatment,  and  not  due  in  any 
way  to  defective  design  or  inherent  weakness.  This  machine  will  shortly 
be  re-installed  with  all  possibility  of  similar  difficulty  removed. 

Relative  Steadiness  of  Bloat 

I- have  frequently  asserted  that  the  blast  from  a  turbo  blower  was  ap- 
preciably steadier  than  that  from  a  reciprocating  machine,  but  this  state- 
ment has  often  been  denied  by  blast  furnace  men,  who  have  contended 
that  the  pulsations  due  to  intermittent  discharge  from  air  tubs  were 
smoothed  out  by  the  frictional  resistances  of  blast  main  and  stoves. 

In  order  to  set  this  question  definitely  at  rest  a  delicate  measuring  in- 
strument devoid  of  inertia  was  devised  and  constructed  and  records  of 
pressure  conditions  at  the  tuyeres  of  a  blast  furnace  were  taken.  Fig,  3 
shows  diagrammatical ly  the  apparatus  which  was  used  in  making  these 
tests. 

The  object  of  the  apparatus  is  to  show  email  variations  on  top  of  a 
heavy  pressure  (18  to  20  lb.)  at  the  tuy^e;  it  being  well  known  that  the 
ordinary  instruments  for  measuring  pressures  of  this  magnitude  have  so 
much  inertia,  and  are  so  far  from  being  delicate,  that  all  the  variations, 
which  it  was  the  object  of  these  tests  to  measure,  are  dampened  out.  The 
apparatus  used  is  a  differential  recording  gauge,  consisting  of  a  pressure 
diaphragm  in  a  closed  chamber,  one  side  of  which  can  be  subjected  to  a 
constant  pressure  of  desired  amount,  and  the  other  subjected  to  the  vari- 
able pressure  which  it  is  desired  to  measure,  by  means  of  a  large  pipe 

'  Sanford  A.  Moss:  Increase  of  Bore  of  High  Speed  Wheels  by  Centrifugal  Streaaes, 
TransiKliont  of  the  American  Society  of  Mechanical  Engineert,  vol,  xindv,  p,  895 
(1912), 
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capable  of  instantaneously  transmitting  the  Suctuations.  Motions  of  the 
diaphragm  are  transmitted  to  a  delicate  pen  through  a  mechanism  which 
is  devoid  of  inertia,  and  the  pen  makes  a  record  on  a  rapidly  moving  band 
of  paper. 

The  diaphragm  used  was  a  thin  copper  disk  about  14  in.  ia  diameter, 
motions  of  which  were  taken  from  the  center  through  a  very  light  rod 
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Fio.  3. — Differential  Recobdino  Pressure  Gauge  Foti  Measuseuent  of 
pRESSCBB  Variations  in  Blast-Furnace  TuriRB. 

sliding  freely  throi^h  a  close-fitting  bushing  without  appreciable  leakf^e. 
This  rod  was  pressed  between  the  diaphragm  on  one  end  and  the  pen  lever 
OQ  the  other,  the  fulcrum  of  the  pen  lever  being  a  flat  steel  spring,  so 
arranged  as  to  press  on  the  rod  and  through  it  upon  the  diaphragm,  even 
•fith  the  greatest  pressure  fluctuation.  The  chamber  on  the  back  of  the 
di^hragm  was  connected  through  a  pipe  of  considerable  size  to  a  mercury 
Qi  consisting  of  a  rubber  tube,  on  the  top  of  which  was  a  reservoir  for 
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mercury.  The  back  and  front  sides  of  the  diaphragm  were  connected  by 
means  of  a  by-pass  pipe  and  valve,  and  the  apparatus  was  operated  as 
follows: 

The  by-paas  valve  waa  opened,  connecting  the  two  Bides  of  diaphrngm 
and  equalizing  the  pressure.  As  soon  as  the  pressure  had  been  equalised, 
the  by-pass  valve  was  closed,  and  the  pressure  on  the  back  of  the  dia- 
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Fia,  4. — CuRVXB  1 
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Blast-Fubnacx  TuriBB. 


phragm  waa  adjusted  by  raising  or  lowering  the  mercury  reservoir.  As 
soon  as  this  adjustment  was  complete  the  mercury  reservoir  was  damped 
in  position.  It  was  necessary  that  the  by-pass  valve,  piping,  and*mercury 
tube  be  absolutely  tight,'and  that  the  pipes  containing  the  mercury  be  so 
large  that  the  motion  of  the  diaphragm  did  not  appreciably  change  the 
capacity  on  the  constant  pressure  side  of  the  system. 

The  motion  of  the  diaphragm  was  very  small,  the  tension  of  the 
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pen  spring  on  the  diaphrf^pu  was  considerable,  and  the  inertia  of  the 
moving  parts  was  as  small  as  possible,  resulting  in  a  moving  system,  which 
was,  to  all  intents  and  purposes,  dead  beat. 

When  operating  the  apparatus  the  chart  was  moved  past  the  pen  by 
hand,  and  the  time  interval  was  marked  on  the  chart  by  an  observer 
using  a  stop  watch,  marks  beii^  made  at  every  5  sec. 

The  records  shown  on  Fig.  4  were  made  on  a  furnace  working  on 
Southern  iron,  and  at  the  time  it  was  blown  with  reciprocating  engines 
there  were  four  ei^;ines  in  use,  two  of  which  had  steam  cylinders  84  in. 
in  diameter  and  air  cylinders  84  by  60  in.  stroke,  while  two  bad  steam 
cylinders  44  in.  in  diameter  and  air  cylinders  84  by  60  in.  stroke.  All 
were  of  the  vertical  loi^  crosshead  type,  equipped  with  Corliss  ur-inlet 
valves,  and  modified  Reynolds  type  discharge  valves,  and  were  operated 
at  an  average  speed  of  about  40  rev.  per  minute,  the  total  displacement 
being'  about  60,000  cu.  ft.  of  air  per  minute. 

It  will  be  noted  that  the  curve  obt^ned  when  operating  in  this 
manner  is  complex  and  apparently  consists  of  a  primary  wave,  and  a 
secondary  wave.  Below  the  observed  curve  has  been  drawn  one  showing 
the  primary  wave,  produced  by  tracing  through  the  mean  points  of 
the  secondary  waves.  These  primary  waves  may  be  due  to  the  discharge 
of  the  reciprocating  cylinders,  while  the  secondary  waves  may  be  caused 
by  the  fluttering  of  the  discharge  valves.  In  contrast  to  these  is  shown 
a  curve  which  shows  the  pressure  variations  observed  with  the  turbo 
blower. 

Between  the  bustle  pipe,  where  the  observations  were  taken,  and 
the  engines,  was  a  blast  mwn  about  1,000  ft.  long  and  of  large  diameter, 
as  well  as  the  usual  stoves.  The  use  of  this  long  and  large  blast  main 
and  four  engines  resulted  in  smaller  fiuctuations  than  would  have  been 
experienced  with  shorter  blast  main  and  with  only  one  or  two  engines  in 
use.  It  is  hoped  at  a  later  period  to  make  pressure  observations  of 
this  arrai^ment  also. 

The  method  of  calibrating  the  instrument  was  to  produce  deflection 
on  the  diaphragm  by  admission  of  air  pressure  to  one  side  thereof  so 
as  to  give  a  constant  pressure  diflference,  which  was  measured  by  a  water 
U-tube,  notir^  the  deflection  of  the  pen  corresponding  to  these  pressures, 
the  chart  given  in  Fig.  4  showii^  the  result  of  this  calibration. 

AdvaiUage  of  Steady  Blast 

It  is  believed  that  the  superior  steadiness  of  blast  pressure  from  the 
turbo  blower  results  in  an  increase  of  production,  because  the  width  of  the 
melting  zone  is  decreased,  while  the  loss  of  fuel  and  ore  due  to  the  dancing 
of  the  particles  on  the  blast  and  consequent  attrition  and  blowing  away 
as  dust  of  such  particles  is  reduced.    That  this  is  so  is  evidenced  by  the 
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reduction  of  the  amount  of  dust  caught  by  the  dust  catchers,  which 
has  been  found  in  all  such  installations  to  be  a  very  conaiderable  per- 
centage. 

Since  the  width  of  the  melting  zone  is  reduced  and  all  conditions  of 
blast  made  more  uniform,  the  blast  can  be  used  at  a  higher  temperature. 


Fio.  5. — Constant  Voluue  Governoh  fob  Centrifugal  Coupressobs. 


In  practice,  the  use  of  turbo  blowers,  properly  governed  to  measure 
the  rate  of  blowing  with  accuracy,  has  the  result  of  appreciably  increasing 
the  amount  of  iron  produced,  and  this  with  a  more  uniform  quality. 
This  increase  of  production  is  accomplished  without  increase  in  the  total 
coke  charged  and  therefore  the  coke  ratio  is  reduced. 
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There  ia  evidence  that  this  increase  of  production  and  decrease  of  coke 
ratio  may  amount  to  10  per  cent. 


Governing  Air  Flow 

The  requiremetits  for  a  governor  to  control  properly  the  rate  of 
blowing  are  ample  power  and  accuracy. 

The  method  used  in  apparatus  built  by  the  General  Electric  Co. 
is  shown  in  Fig.  5.    It  consists  of  a  disk,  A,  riding  on  the  ingoing  air 
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Fia.  6. — Calibration  Curve  of  Constant  Volume  Governor. 

in  the  center  of  a  fruBtro-conical  portion  of  the  inlet  pipe.  Movements 
of  the  disk  are  transmitted  direct  to  the  valve  gear,  and  ample  power  is 
secured  by  the  use  of  very  moderate  dimensions.  The  angularity  of 
the  vails  of  the  conical  pipe  is  determined  by  the  desired  accuracy  of 
r^ulation.  No  packing  is  necessary  and  jihe  device  is  therefore  practi- 
cally frictioniess  and  wear-proof. 

Differing  rates  of  flow  are  secured  by  moving  a  weight,  fi,  along  a  scale 
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beam,  which  is  graduated  in  cubic  feet  of  free  air  per  minute,  and  care- 
fully calibrated  at  the  factory  before  shipment.  Fig.  6  gives  a  calibra- 
tion curve  of  such  a  govemor  and  shows  the  accuracy  of  the  indicationa. 

General  Design  of  Turbo  Blowers 

Several  methods  have  been  used  to  balance  end  thrust  in  the  m 
compressor.  The  method  which  I  have  used  is  to  make  all  impellers 
double-entrance,  without  shroud  rings,  as  shown  ia  Fig,  7,  While  this 
method  somewhat  complicates  the  coring  of  the  castings,  it  results  in 
the  maximum  simplicity  and  durability  of  the  rotor  and  eliminates  any 
necessity  for  the  use  of  a  balancing  piston,  while  the  clearance  packings 


Fia.  7. — Thbbb-Staob  Coupbebsob. 


are  on  the  shaft  diameter  and  hence  may  have  alarge  clearance  with  small 
leakage.  Water  jacketing  is  used  in  the  diaphragms  so  as  to  cool  the  air 
while  undergoing  compression  and  in  its  passage  from  stage  to  stage. 

Complete  accessibility  is  secured  by  splitting  casings  and  diaphragms 
on  a  horizontal  plane.     The  turbine  is  similarly  treated. 

The  locating  bearing  for  the  entire  system  of  turbine  and  compressor 
is  at  the  turbine  end,  and  is  so  constructed  that  the  axial  portion  of  the 
shaft  with  its  turbine  wheels  and  air  impellers  may  be  chained  while  the 
unit  is  in  operation.     (Fig.  8.) 
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Comparative  Efficienq/ 

The  relative  thermal  efficiency  of  this  apparatus  as  contrasted  with 
other  forms  of  blowing  engines  is  somewhat  difficult  to  determine  owing 
to  lack  of  data.  The  reciprocating  steam  blowing  engine  has  never 
been  tested  under  circumstances  which  give  any  reliable  basis  for  com- 
parison, owing  to  the  difficulty,  amounting  to  impossibility,  of  accurately 
measuring  the  actual  amount  of  air  delivered  per  unit  of  time.  The 
same  thing  holds  true  to  a  greater  extent  for  the  gas  engine,  since  it  is 
not  only  necessary  to  measure  accurately  the  amount  of  air  delivered  for 
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.  9. — Gab  and  Steam  Conbumption  of  Turbo  Compressor  w 
Volume  Governor. 
Figures  on  curves  show  fraction  of  rated  quantity. 


any  length  of  time,  but  also  the  gas  consumption.  Both  these  measure- 
ments are  subject  to  the  same  error.  The  source  of  this  error  is  the  fact 
that  in  all  known  methods  of  air  metering,  the  indications  vary  as  the 
square  of  the  velocity  of  flow,  and  hence  the  mean  of  the  readings  is  not 
the  mean  rate  of  flow.  For  this  reason  the  readings  of  Venturi  meters, 
Pitot  tubes,  etc.,  may  give  rates  of  flow  as  high  as  40  per  cent,  in  excess 
of  the  true  value,  depending  on  the  amount  and  character  of  the  fluctua- 
tions.    We  have,  therefore,  to  fall  back  upon  assumptions  as  to  the  ratio 
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of  actual  to  displacement  air,  which  are  uaually,  due  to  this  source  of 
error,  too  favorable  to  the  reciprocating  engine. 

From  other  data  we  can  determine  the  comparative  efBciency  of 
turbine  and  ateam  or  gas  engine.  These  data  are  derived  from  tests 
of  umilar  machines  driving  electric  generators,  on  which  much  accurate 
information  is  avwlable. 

By  observations  of  temperatures  at  inlet,  between  stages,  and  at  dis- 
chaige,  together  with  accurate  measurement  of  quantity  and  discharge 
pressure,  and  by  determination  (also  quite  accurate)  of  leakage  and 
radiation  losses,  the  efficiency  of  the  compressor  may  be  closely  deter- 
mined. This  has  been  done,  and  curves  showing  the  performance  have 
been  published.* 

For  the  purposes  of  this  discussion  curves  have  been  prepared  (Fig. 
9)  showing  the  gas  consumption  of  a  turbo  blower  when  blowing  at 
various  rates  and  against  various  blast  pressures,  from  which  the  amount 
of  gaa  needed  under  various  conditions  may  be  quickly  determined. 
The  gaa  consumption  is  of  course  that  necessary  to  operate  the  plant. 

Compariaon  of  Steam-Engine,  Steam-Turlnne,  and  Gas-Engine 
InstaUationa 

In  comparing  the  relative  merits  of  these  three  types  of  blowing 
apparatus,  the  only  proper  method  is  to  base  the  computation  upon 
tbe  best  present  practice  for  each. 

The  steam  practice  in  blast-furnace  installations  is  hopelessly  behind 
the  times,  and  in  no  way  comparable  with  that  of  central  power  stations 
supplying  electric  light  and  street-railway  service.  In  order  to  place  the 
turbo  blower  on  a  fair  basis  for  comparison  with  other  types,  it  must  be 
surrounded  with  the  most  efficient  auxiliaries  for  steam  generation,  pro- 
duction of  vacuum,  etc.,  and  blast-furnace  engineers  must  make  up  their 
minds  to  abandon  existing  practice  and  follow  in  the  footsteps  of  design- 
ers oi  electric  power  stations.  To  this  end  boilers  must  be  installed  cap- 
able of  generating  steam  at  200  lb.  pressure  and  with  200°  superheat. 

Where  ordinary  forms  of  gas  burners  are  used  under  boilers  it  is 
not  advisable  to  clean  the  gas,  since  the  sensible  heat,  amounting  to 
about  8  per  cent,  of  the  total  beat  in  the  gas,  is  available  and  utilizable. 
It  will,  however,  be  necessary  to  clean  the  boilers  frequently.  It  is  the 
practice  abroad,  and  should  be  the  practice  here  where  efficiency  is  an 
object,  to  use  pre-mixing  burners,  by  the  use  of  which  tbe  air  can  be 
accurately  regulated  and  the  best  efficiency  obtuned.  In  this  case  it 
is  advisable  to  clean  the  gas,  otherwise  the  dust  may  slag  on  the  tubes 
owing  to  the  high  furnace  temperature. 

'Richard  H.  Bice:  Commercial  Application  of  the  Turbine  Turbo-Compressor, 
Trannelioiu  of  Ih^  Amervxm Someiy  qf  Meehanieid Enffineers,  vo\.  joaoii,  p.  381  (1911). 
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Furthermore,  the  practice  of  udng  a  single  jet  condenser  connected 
with  a  number  of  units,  and  receiving  steam  from  as  many  as  may  be  in 
operation,  must  be  abandoned  in  favor  of  a  condenser  for  each  unit, 
preferably  of  the  surface  type,  in  order  that  the  best  possible  vacuum 
may  be  realized  for  each  unit  unaffected  by  any  misadjustment  or  im- 
proper operation  of  its  neighbor.  The  use  of  a  single  turbo  blowing 
engine  per  furnace  has  become  standard  practice  on  account  of  the 
small  dimensions,  lower  cost,  and  higher  efficiency  per  unit  of  capacity 
of  large  turbo  blowers  and  the  short  time  required  to  start  a  spare  unit,  to 
say  nothing  of  the  reduced  cost  of  installation  and  operation  of  single 
units  as  contrasted  with  multiples.  It  is,  therefore,  desirable  to  lay  out 
the  turbo-blower  bouse  on  the  unit  system,  each  blower  having  its  own 
boilers,  condenser,  pumps,  and  other  auxiliaries,  with  suitable  spares. 
These  various  units  will  of  course  be  cross  connected  by  suitable  pipes 
so  that  they  may  be  used  in  all  desirable  combinations.  In  this  way 
maximum  flexibility  is  combined  with  the  best  efficiency. 

Taking  this  method  of  installation  as  a  basis  for  the  turbo  blower, 
we  shall  naturally  use  for  the  gas  engine  an  installation  of  two  units  per 
furnace,  since  this  plan  appears  to  find  favor  with  progressive  gas-engine 
builders;  and  we  shall  also  use  mmilar  arrangements  of  horizontal  com- 
pound steam  engines  as  the  basis  for  the  reciprocating  steam-driven 
type. 

For  the  boilers,  we  shall  use  the  largest  units  possible  to  obtain, 
preferably  two  boilers  per  blowing  unit,  and  of  such  type  that  the  radia- 
tion losses  from  the  brick  work  are  a  minimum,  while  the  possibilities 
of  decrease  of  efficiency  due  to  lodgment  of  dust  from  the  gas  are  as 
small  as  possible.  The  superheaters  should  be  built  in  the  same  setting 
as  the  boilers  for  simplicity  of  manipulation. 

Performance  of  RedprocattJig  Steam  Engines 

For  plants  as  now  being  installed  it  is  customary  to  use  not  over 
150  lb.  gauge  pressure  and  not  over  27  in.  vacuum,  and  it  must  be  ad- 
mitted that  this  type  of  blowing  unit  is  not  well  adapted  for  higher  pres- 
sures, temperatures,  or  vaftua  in  blast-furnace  work.  Therefore,  we  must 
assume  a  steam  consumption  for  such  engines  of  not  less  than  13  lb.  per 
indicated  horse  power  under  blast-furnace  conditions,  corresponding  to 
14.15  lb.  per  shaft  horse  power. 

As  we  shall  see  later,  this  assumption  does  not  need  to  be  exact,  as 
the  steam  consumption  would  have  to  be  reduced  to  a  figure  not  attained 
in  tbe  best  engines  ever  built  for  any  purpose,  with  the  highest  degree  of 
superheat  ever  used  and  with  all  conditions  favorable  for  the  steam  engine 
(as  they  are  not  in  blast-furnace  work),  to  put  this  type  on  equal  terms 
with  the  other  as  regards  fuel  consumption. 
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The  data  necessary  for  determining  the  gas  consumption  of  this 

type  of  blowing  engine  are  as  follows: 

Production  of  pig  per  day  of  24  br 450  tons. 

Coke  per  ton 2,240  lb. 

Displacement  per  pound  of  coke  (avg.  value)      65  cu.  ft.  per  min. 

Theoretical  horse  power  required  to  compress 

100  cu.  ft.  of  air  to  15  lb 5  h.p. 

Diagram  factor  for  air  tub' 0.94 

Mechanical  efficiency  of  air  tub* 0.92 

Displacement  air  required  to  produce  450  tons  per  day: 

450X2,240X66       ...„        ,.  .     , 
nri^  (^ =  45,500  cu.  ft.  per  minute. 

Shaft  horse  power  required  to  blow  this  air: 

-^*^-  =  2630 
0.94  X  0.92      ''•'^■ 

Boilers  (coal  fired)  of  large  size  have  recently  given  80  per  cent, 
efficiency  in  electric  power  stations,'  and  even  a  small  boiler  without 
special  attention  has  given  recently  82  per  cent,  at  the  plant  of  the 
General  Electric  Co.  at  Lynn.  For  blastfurnace  use,  however,  we  must 
expect  lower  values,  but  70  per  cent,  efficiency  is  readily  attainable  in 
practice  with  proper  attention,  or  76.5  per  cent,  with  pre-mixing  burners 
and  clean  gas.  I  shall  assume  the  same  efficiency,  due  to  the  same 
care,  m  case  of  turbo  blowers  and  of  reciprocating  steam  engines. 

In  the  case  of  gas  burned  under  boilers  we  have  additional  available 
heat  due  to  the  fact  that  we  can  utilize  these  nsible  heat  contained  in  thegas 
at  high  temperature.  The  amount  of  heat  per  cubic  foot  of  gas  per  de- 
gree Fahrenheit  is  0.0182  B.t.u.,  and  allowing  gas  for  boilers  at  500°  F. 
and  for  engines  at  60°  F.,  gives  8  B.t.u.  sensible  heat  per'cubic  foot 
difference. 

For  this  reason  I  take 

B.t.u. 

Amount  of  heat  in  gas  to  gas  engine 95 

Amount  of  heat  in  gas  to  boilers 103 

Th6  heat  per  pound  of  steam  is  determined  as  follows: 

B.t.u. 

Initial  total  heat 1,194.6 

Final  heat  of  liquid 83.1 

' 1,111.6 

'  EVeyn  and  Bacon :  Discosaioii,  Tnmgaetiona  of  the  American  Society  of  Mechanical 
Sn^nun,  vol.  xxiiii,  p.  407  (1911). 

•  Idem,  p.  408. 

*J.  W.  Parker:  Opwation  of  Large  Boilers,  Journal  of  the  American  Society  of 
Michameal  Bngineert,  p.  33  (February, Ifl 1 4). 
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Hence  we  have  the  gas  for  boilera  for  reciprocating  blowing  engines: 
2,630  X  14.16  X  1,111.5       ,_.  ,w>        **  v. 

- 103  X"0T76       ~  =  ^^*'*^  ""■  ^*-  P"""  ^*"^'-    ■ 

Performance  of  Gas  BlomTig  Engines 

In  the  case  of  the  gas-engine  driven  blowing  engine  we  use  the  same 
data  as  above,  to  find  the  shaft  horse  power  required  to  blow  the  same 
quantity  of  displacement  air.  We  also  use  the  value  of  a  horse  power 
hour,  which  is 

S_0^^.  2,546  B.t.u. 

The  thermal  efficiency  of  the  gas  engine  has  been  assumed  in  recent 
discussions*  at  21  per  cent.,  based  on  tests  which  were  made  with  great 
care.     Using  this  efficiency  we  shall  consume 

-r— —  =  12,120  B.t.u.  per  shaft  horse  power  in  the  gas  engine. 

As  above,  we  assume  95  B.t.u.  per  cubic  foot  of  gas  as  tbeavailable  heat 
for  gas-engine  purposes;  hence  we  have  for  the  gas  required  by  an  engine 
of  this  type  to  produce  pig  at  the  rate  of  450  tons  per  day 


Performance  of  Turbo  Blower 

For  the  turbo  blower  the  use  of  displacement  air  measurement  do 
longer  holds;  and  I  have  shown  that  the  ratio  between  displacement  and 
actual  air  is  a  variable,  not  a  constant.  The  experience  gained  from  the 
large  number  of  units  installed  where  air-governor  measurements  are 
available  shows  a  variation  in  the  air  consumption  per  pound  of  coke 
from  a  minimum  figure  of  45  cu.  ft.  to  a  maximum  of  55,  depending  upon 
local  conditions,  such  as  quality  of  coke,  tightness  of  air  valves  and  blast 
mains,  etc.  This  experience  teaches  that  50  cu.  ft.  per  pound  is  a  safe 
and  conservative  figure  for  plants  where  all  sources  of  loss  are  properly 
looked  after  and  removed.  Furthermore,  I  have  shown  the  steadiness 
of  the  air  current  and  consequent  decrease  of  coke  ratio  due  to  the  in- 
creased iron  production  resulting  from  this;  however,  I  shall  not  in  this 
discussion  take  any  account  of  the  effect  of  this,  leaving  it  to  future 
determination  when  more  data  are  in  my  possession.  We  now  have,  for 
the  turbo  blower,  the  following  data: 

*  H.  J.  Freyn:  BulUlm  of  ike  AtrKrican  Iron  avd  SUd  Itutilvie,  p.  SS  (1013). 
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Production  of  pig  per  day 450  tons 

Coke  per  ton,  aa  before 2,240  lb. 

Actual  air  per  pound  of  coke 50  cu.  ft. 

Total  air  per  minute  ^^'^^-^^  _  35,000  cu.  ft. 

Aa  is  well  known,  tbe  friction  loss  in  blast  mains,  stoves,  tuyeres,  and 
through  valves  is  less  for  steady  than  for  fluctuating  flow.  In  the  case 
of  steam  pipes  it  is  common  practice  to  make  the  pipes  to  steam  turbines 
much  Bmaller  than  in  the  case  of  similar  pipes  to  steam  engines. 
Also,  the  steady  flow  of  air  from  a  turbo  blower  maintains  better  condi- 
tions in  the  furnace  and  results  in  a  freer  flow  through  the  charge. 

For  this  reason,  a  lower  blast  pressure  is  needed  with  this  type  of 
blowing  apparatus.  This  lower  blast  pressure  of  course  decreases  the 
power  and  gas  consumption  of  the  turbo  blowers,  but  do  accouut  is  taken 
of  this  item  in  the  following  computations: 

We  then  have 

Theoretical  horse  power  required  to  compress  100  cu, 
ft.  of  air  to  15  lb 5 

Making  use  of  200  lb.  steam  pressure,  200°  super- 
heat,   and   2S.5   in.    vacuum    (conditions   actually 
obt^ning  in  a  number  of  electric  power  stations) 
we  shall  have  steam  consumption  of  turbine  used  as 
driver,  pounds  steam  per  shaft  horse  power  hour ....  9 .  35 

The  shaft  efficiency  of  the  compressor  has  been  as- 
sumed as  70  per  cent.,  a  result  derived  from  many 
actual  tests  of  such  apparatus  aa  safe  and  conserva- 
tive. 
We  then  have 

—  =  2,500  shaft  horse  power. 

0.70  ^ 

The  heat  supplied  to  the  steam  by  the  boilers  will  be 

B.t.u. 

Initial  total  heat 1,307 . 5 

Final  heat  of  liquid _  60. 1 

Heat  supplied  by  boilers  per  pound  of  steam ....   1,247 . 4 

We  can  now  determine  the  gas  required  for  the  boilers,  which  is 

2,600X9.35X1,247.4 


=  404,000  cu.  ft.  of  gas  per  hour. 
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We  now  have  the  following  comparative  results: 

Gas  CoTisumption  in  Cubic  Feet  per  Hour 

Beciprocatiog  Beciprooating  Turbo 

Steam  Engine  Gaa  Engine  Blowet 

574,000  335,000  404,000 

The  above  table  shows  that  in  order  that  the  reciprocating  steam  blow- 
ing engine  should  equal  the  turbo  blower  in  gas  consumed  it  would  be 
necessary  to  reduce  its  ateam  consumption  to  slightly  over  8  lb.  per 
indicated  horse  power  per  hour,  a  result  manifestly  impos^ble  to  accom- 
plish with  any  known  practical  apparatus. 

I  shall  now  diaeusa  these  figures  in  reference  to  the  operation  of  a  steel 
plant  containing  eight  blast  furnaces  and  ample  use  for  electric  power. 

It  is  usually  assumed  that  a  450-ton  blast  furnace  produces  150,000 
cu.  ft.  gas  per  ton  of  iron,  or 


in  a  plant  of  eight  blast  furnaces. 

Of  this  40  per  cent,  is  consumed  in  stoves  and  leakage,  leaving  60  per 
cent.,  or 

13,500,000  cu.  ft.  gas  per  hour 

available  for  blowii^  and  the  production  of  electric  power, 
I  shall  discuss  two  types  of  installations: 

A — Blowing  station  with  gas-engine  blowing  engines. 

Electric  station  with  gas-engine  driven  electric  generators. 
B — Blowii^  station  with  steam-dnven  turbo  blowers. 

Electric  station  with  steam-driven  turbo  generators. 

In  the  gas  blowing  station  will  be  installed  20  gas-blowing  engines. 
In  the  turbo-blower  station  there  will  be  10  turbo  blowers. 

In  the  gas-electric  station,  where  the  units  will  be  of  10,000-kw. 
capacity,  there  will  be  six  units. 

In  the  turbo-electric  station  eight  7,500-kw.  units  will  suffice. 

The  comparative  results  on  this  basis  are  given  in  the  following  table: 
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CompariBon  of  Turbine  and  Gas-Engine  Driven  Blowing  and  Electric  Plants 
for  Eight  450-ton  Blast  Furnaces 

A  B 

1.  Cubic  feet  of  gaa  per  hour  required  for  blowing 
eight  fum&ces  as  per  previous  work  for  one 

furnace 2,680,000  3,332,000 

3.  Subtract  (1)  from  13,600,000  (the  total  gae 
available)  to  give  cubic  feet  per  hour  of  surplus 
gu ; 10,820,000  10,268,000 

3.  B.t.u.  per  cubic  foot  of  gaa  (induding  eensible  heat 

to  boilers) 95  103 

4.  B.t.u.  per  hour  in  gas  for  electric  station  (surplua 

gM) 1,028,000,000     1,056,000,000 

5.  B.t.u.  per  kilovatt-houi  (see  next  Uble) 18,820  25,200 

G.  Kilowatts   producible  in  electric  station    from 

BurpluB  gas 54,600  41,900 

7.  Total   kilowatt    capacity    installed    in    electric 

station 64,000  60,000 

8.  Cost  of  electoic  station  per  kilowatt  installed 
(using  lowest  figure'  for  gas  electric  station  quoted 
in  any  publication  but  believed  to  be  far  too  low 

for  the  ordinary  purchaser) S6S.06  J50.00 

9.  Total  cost  of  electric  station $4,355,840.00    $3,000,000.00 

10.  Shaft  horse  power  of  blower  pet  furnace  (see 

above) 2,630  2,500 

il.  Siaft  horse  power  of  blowing  house  as  installed . .  26,300  25,000 
12,  Cost  of  blowing  station  (lowest  published'  for  gas 

agine)  per  horse-power  (rated)  installed — actual 

figures  for  steam  station $74.50  $50.00 

n.  Total  cost  of  blowing  station $1,959,400  $1,260,000 

U.  Total  cost  of  plant,  (9)  plus  (13) $6,316,240  $4,260,000 

In  order  that  the  turbo-electric  station  ehall  produce  the  same  total 
kilowatt  output  as  the  gas-electric  station  it  will  be  necessary  to  make, 
by  coal  burning 

54,600  -  41,900  =  12,700  kw. 
To  generate  this  will  require 

12,700  X  25,200  =  320,000,000  B.t.u.  per  hour  from  coal. 
Tons  of  coal  per  hour  at  24,000,000  B.t.u.  per  ton 
3J0W000  ^  j3  33 
24,000,000 
At  SI  per  ton,  as  in  the  Pittsburg  district,  this  means  a  cost  for  coal 
of  $13.33  per  hour. 

Cost  of  this  make-up  coal  per  year  at  $1  per  ton: 
365  X  24  X  13.33  =  tn6,770 

'Arthur  West;     Discussion,  BuJUUn  of  Ihe  American  Iron  and  Steel  InstUuU,  p. 
M  (1913). 
'/dm,  p.  66. 
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I  shall  assume,  as  is  done^  at  the  Gary  works  of  the  U.  S.  Steel  Corpors- 
tioD,  15  per  cent,  fixed  charges  for  the  gas-engioe  plants,  and,  as  is  the 
common  cuatom"  inlarge  turbo-electric  plants,  1 1.5  per  cent,  fixed  charges 
for  the  turbo  blower  and  electric  plants. 

Then  we  have 

A  B 

Interest,  depreciation,  and  taxes,  per  cent.  ...  15  11.5 

Total  fixed  charges 1947,286  »488,750 

Operattng  Costs  of  Blower  House. 

Gas  cleaning 35,200  

Plant  operating  and  maintenance,  labor 

and  supplies 100,100  83,000 

Water" 8,800  12,000 

Total  blower  operating  costs $144,100  195,000 

Operating  Costs  of  Electric  Station. 

Gas  cleaning $105,600  

Plant  operating  and  maintenance,  l^or 

and  supplies 298,600  227,500 

Water" 26,400  36,000 

$430,600  $263,500 

Total  operating  costs  and  fixed  charges  per 

year $1,521,986  $847,250 

The  difference  between  these  operating  costs 

$1,521,986  -  $847,250  =  $674,736. 

The  cost  of  make-up  coal  to  bring  up  the  output  of  the  turbo-electric 
station  to  that  of  the  gas-electric  station  at  $1  per  ton  was  found  above 
to  be  $116,770. 

•  H.  J.  Freyn,  Gaa  Engine  in  Modem  Blast  Furnace  and  Steel  Plants,  BuUetin  q/"  the 
American  Iron  and  Steel  Institute,  1913,  p.  47  (1913). 

"  This  figure  is  customarily  aUowed  by  large  public  service  corporations  and  is 
made  up  as  follows: 

Per  cent. 
Depreciation  of  machines,  5  per  cent.,  and  buildings, 

3  per  cent.,  averaging 41 

Interest S 

Taxes  and  insurance 2 

m 

"  The  costs  of  water  for  the  steam  blower  house  and  electric  station  "B"  are  taken 
high  for  extreme  cases.     Usually  they  would  be  greatly  lower  than  the  figures  given. 
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It  will  be  seen  that  the  above  difference  in  operating  costa  and  fixed 
chaises  will  not  be  wiped  out  until  the  cost  of  coal  has  risen  to 

*fi74  73fi 

=  J5.78  per  ton. 


116,770 

The  gas-plant  costs  have  been  based  on  an  average  kilowatt  load 
substantially  equal  to  that  produced  by  the  average  gas.  Actually  this 
could  not  be  obtfuned  in  the  gas  plant  without  some  producers  banked 
as  reserve  for  periods  of  poor  gas  and  peak  loads.  The  cost,  fixed 
chaises,  fuel  costs,  muntenance  and  operating  charges  of  such  a  bank  of 
producers  have  been  wholly  omitted.  Such  ao  arrangement  would  not 
be  necessary  in  the  case  of  a  steam  plant,  as  the  boilers  furnish  suffic'ent 
heat-etorage  capacity  and  can  be  forced  to  any  desired  amount  without 
additional  plant.  The  cost  of  this  reserve  capacity  must  be  added  to  the 
cost  of  plant,  heretofore  estimated,  to  put  the  two  plants  on  an  equality 
and  will  operate  to  increase  the  advantage  of  the  turbine  stations  over  the 
gas  engine  and  increase  the  limiting  cost  of  coal  at  which  the  two  types 
become  equal  in  operating  costs. 

The  above  figures  take  no  account  whatsoever  of  the  improvement 
in  quality  and  quantity  of  output  from  the  furnace  due  to  the  use  of 
the  turbo  blower,  which  will  be  all  gain  over  the  above  figures. 

The  figures  for  the  gas  engine  are  based  on  the  lowest  obtainable. 
I  believe  them  much  too  low  for  the  average  plant. 

The  figures  for  the  turbo-blower  and  turbo-generator  plants  are 
taken  on  a  very  conservative  basis. 

CoTid-usiona 

From  the  foregoing  the  following  conclusions  are  justified: 

Turbo  blowing  engines  give  a  steadier  blast  and  a  better  measurement 
of  blast  than  any  other  form  of  blowing  apparatus  for  blast  furnaces. 

Steadier  and  better  measured  blast  gives  better  conditions  in  the 
furnace,  which  leads  to  increased  output  and  improved  quality. 

Turbo  blowers  operate  with  less  attention  and  are  more  flexible  in 
service  than  any  other  form  of  blowing  apparatus  for  blast  furnaces. 

The  gas  consumption  of  the  reciprocating  steam  blowing  ei^ine  is  so 
high  as  compared  with  that  of  a  turbo  blower,  that  it  is  not  possible  with 
any  form  of  blowing  engine  in  sight  to  come  within  reasonable  rai^e 
of  the  turbo  blower  in  this  respect. 

Taking  the  best  figures  published  by  gas-engine  manufacturers  as 
representing  the  efiiciency  of  the  gas  engine  in  practice  and  comparing 
them  with  the  turbo-blower  station  in  which  modern  steam  practice  is 
availed  of  to  secure  the  efficiencies  which  are  being  obtained  in  turbo- 
electric  stations,  with  reasonable  allowances  for  the  difference  in  fuels, 
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the  gas  consuinption  of  the  turbo  blower  is  only  20  per  cent,  in  excess 
of  the  gas  blower. 

Comparing  blast-furnace  and  steel-works  installations  involving  a 
plant  containing  eight  blast  furnaces  with  ample  use  for  surplus  gas  and 
contrasting  gas  blowing  and  gas-electric  stations  with  turbo  blowing 
and  turbo-electnc  stations  (using  the  best  figures  given  by  any  gas-engine 
advocates  for  the  gas  ei^ine,  and  usual  and  conservative  figures  for  the 
steam  stations) ,  the  saving  in  operating  costs  and  fixed  charges  by  the  use 
of  the  steam  plant  is  ao  great  as  to  make  it  necessary  that  coal  should  rise 
to  $5.78  per  ton  in  order  that  the  cost  of  make-up  coal  to  give  the  same 
outputs  in  the  steam-electric  and  gas-electric  stations  could  wipe  out  this 
saving;  while  with  coal  at  present  and  usual  prices,  the  saving  by  use  f^t 
the  steam  turbine  in  such  stations  is  very  large. 

The  steam  practice  of  our  blast  furnaces  and  steel  works  is  hopelessly 
behind  the  times  and  needs  entire  revision,  but  with  modern  economical 
steam  practice  applied  to  such  plants,  the  turbine-driven  plant  can  be 
operated  at  lower  cost  with  less  stoppage  and  loss  of  product,  and  with 
a  larger  product  for  the  same  furnace  of  better  quality,  than  by  any 
other  prime  mover  now  in  use  for  the  purpose. 

In  practice,  with  a  load  factw  of  75  per  cent,  in  the  electric  station 
and  80  to  85  per  cent,  in  the  blowing  house,  the  gas  units  will  be  operating 
below  their  maximum  efficiency;  and  owing  to  their  low  mechanical  effi- 
ciency and  lessened  thermal  efficiency  at  light  loads,  will  suffer  consid- 
erably more  under  these  conditions  than  the  turbo  blowers,  which  are 
designed  for  best  efficiency  at  average  operalting  conditions,  or  than  the 
turbo-electric  units,  which  have  a  remarkably  good  efficiency  at  light 
loads.  Hence  the  above  comparisons  are  unduly  favorable  to  the  gas- 
engine  stations.  Furthermore,  neither  gas  nor  turbo-electric  stations 
will  generate  sufficient  power  for  the  requirements  of  the  sted  mills  to 
which  they  will  be  an  adjunct;  and  the  drficiency  must  be  made  up  by 
additional  units,  the  fuel  tot  which  must  be  coal.  With  gas-electric  pdwer 
units,  gas  producers  must  be  installed;  and  since  the  requirements  of  a 
steel  plant  for  power  are  very  variable  and  the  power  station  must 
be  aways  ready  to  supply  the  demand  these  producers  will  be  banked  for 
considerable'  periods;  while  the  turbo-electric  plant,  by  reason  (rf  the 
heat-stor^e  capacity  of  boilers,  will  be  always  re&dy  to  meet  the  demand 
with  little  or  rio  banking.  Therefore,  this  part  d  the  plant  must 
inavitably  be  staam  driven. 

For  smaller  plants  with  fewer  furnaces  the  advantage  of  the  turbine- 
driven  units  becomes  more  and  more  considerable;  and  for  plants  with  leas 
than  four  furnaces,  or  for  plants  where  use  for  the  surplus  gas  does  not 
exist,  the  turbo  blower  is  without  competition  in  ad^tability  to  the 
blowing  of  blast  furnaces  by  reason  of  its  fl^ibitity,  quick  adjustability 
to  different  furnace  conditions,  automatic  contrcd  of  pressure  to  maintain 
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a  constant  rate  <^  flow  into  the  furnace  an.d  steadine^  of  blast,  reaultiog 
in  improved  furnace  conditions. 

Appendix 

CtmpulaHon  of  BriHak  Thermal  Units  per  Kiiovtatt-Hour  for  Qat-EUetrie  and  Turbo- 
Eleclric  OeneroHng  Stationt 

\.  Gas-EUdric  StaHon 

Per  Cent. 

Maximum  shaft  efficiency 25 

Average  shaft  efficiency  during  operation  at  good 

unit  load  factor 21 

Avwage  generator  efficiency 93 

Average  over-all  efficiency,  0.21  X  0.93  = 19.5 

Allowing  Sper  cent,  of  average  load  fw  auxiliaries, 

net  average  over -all  efficiency  =  19 . 5  -i- 1 .  08 . . .  18.1 

II.  Turbo-Eledric  Station 

Maximum         Average  Efficiency 
Efficiency  at  Good  Unit 

Loadli^ctor 

Boiler 0.80  0.70 

Generator 0.95  0.93 

Turbine 0. 7S  0.70 

Available  enCTgy  (200  lb.  per  sq.  in.,  200°  F., 

28.5  in.  vacuum 398.3  B.t.u. 

Heat  added  to  ate/am  in  boiler 1,247.4  B.t.u. 

fw-  .11  offi  ■  398.3  X  0.70  X  0.70  X  0.93      ,  ^„ 

Over-all  efficiency  = -—         ■ -  =  1.46  per  cent. 

1,247.4 
Allowing  8  per  cent,  of  average  load  for  auxiliaries, 

net  average   over-all  efficiency  =  14.6 -^  1.08=13.5  per    cent. 
Hence  the  following  figures,  for  electric  stations  with  good  load  factors 
such  as  would  occur  in  such  plants,  allowing  for  all  auxiliaries,  are  per 
kilowatt-hour : 

Gas-engine  station 3,412  t-  0. 181  =  18,820  B.t.u. 

Steam-turbine  station 3,412  ■^  0. 135  =  25,000  B.t.u. 
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The  Apex  Law  in  the  Drutnlummon  Controversy 

BT  CHABLEB  W.  OOODALB,  BUTTB,  MONT. 

(New  York  Meetinc,  Febnurj'.  1014) 

The  principles  and  theory  on  which  the  U.  S.  mining  law  of  1872 
was  based  are  well  understood,  and  have  been  discussed  at  great  length 
by  many  writers.  The  papers  by  Dr.  R.  W.  Raymond^  in  the  Trana- 
acUoM  of  the  American  Institute  of  Mining  Engineers  have  covered  the 
subject  very  fully,  with  explanations  of  practical  results  in  many  ad- 
judicated cases.  It  is  believed  that  the  following  instance  of  the  ap- 
plication of  the  law  in  recent  years  will  have  some  weight  in  a  discussion 
of  proposed  changes  in  our  mining  laws. 

The  litigation  between  the  St.  Louis  Mining  &  Milling  Co.,  and  the 
Montana  Mining  Co.,  Ltd.,  a  British  corporation,  over  portions  of  the 
Dnimlummon  lode  covered  more  than  20  years,  and  resulted  in  a  judg- 
ment for  damages  in  favor  of  the  St.  Louia  Co.  of  such  an  amount  that 
the  Montana  Co.  declined  to  pay  the  judgment,  and  therefore  lost  the  en- 
tire property. 

The  DrmolummoD  lode  claim  in  the  Marysville  district,  Mont.,  was 
located  in  1876  by  Thomas  Cruse.  When  he  staked  out  his  claim,  he 
assumed  that  the  discovery  on  the  DrumlummoQ  vein,  and  another 
showing  of  mineral  about  200  ft.  distant,  were  on  the  same  vein,  and  the 
center  line  of  the  claim  was  given  a  course  of  N.  57i°  E,  Development  of 
the  Drumlummon  vein  soon  showed  that  its  strike  was  about  N.  15*^  E., 
and  that  the  other  outcrop  was  on  the  North  Star  lode;  so  it  was  inevit- 
able that  the  Drumlummon  vein  would  cross  one  or  both  side  lines  of  the 
location,  and  the  MonUrna  Co.  found  it  advisable  to  acquire  adjoining 
claims  on  both  sides  of  the  Drumlummon,  in  order  to  avoid  possible 
litigation  over  apex  rights.  They  bought  the  Marble  Heart,  but  would 
Dot  purchase  the  Hopeful  (see  Figs.  1  and  2),  at  the  terms  proposed  for 
the  reason  that  exploration  in  the  Cruse  level  had  shown  the  vein  to  be 
barren  in  that  region.  The  owners  of  the  Hopeful  were  sinking  an  incline 
from  that  claim  in  1889,  and  the  Montana  Co.  enjoined  them,  contending 

'The  Law  of  the  Apex,  Trans.,  rii,  387  (1883-84). 
The  Iaw  of  the  Apex,  Appendix,  Trant.,  xU,  677  (1883-84). 
lode-locatkuiB,  Trana.,  xv,  272  (1886-87). 

Eod-lines  &nd  Side-linea  in  the  U.  S.  Mining  Iaw,  Trans.,  xv'u,  787  (1888-89). 
Imaginary  Boundaries,  Trans.,  xviii,  182  (1889-90). 
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that  owing  to  the  triangular  form  of  their  location,  they  bad  no  extra- 
lateral  rights.  When  the  cause  was  heard  by  Judge  Knowles  in  the  U.  S. 
District  Court  in  Helena  in  June,  1890,  he  supported  the  contention  of 
the  plaintiff,  and  no  appeal  was  taken,  because  it  was  found  that  the 
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FiQ.  1. — The  Drculummon  U4d  Surrodndinq  Lode  Claiub. 

portion  of  the  DriuDlummon  vein  in  contjoversy  was  not  of  sufficient 
value  to  justify  further  litigation. 

Before  passing  to  other  matters  connected  with  the  litigation,  an 
incident  of  the  Hopeful  fight  will  be  related.  When  the  shaft  had 
reached  a  depth  of  nearly  250  ft.,  the  owners  drilled  deeper  holes  than 
usual  in  the  bottom,  and  charged  them  heavily  with  powder,  believing 
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that  they  were  8o  near  to  the  Cruse  level  that  the  holes  when  blasted 
would  make  an  opening  into  that  level.  Before  firing,  they  ran  up  the 
American  Sag  as  a  signal  to  all  the  world  that  they  had  the  Ei^lish 
company  "dead  to  rights,"  and  would  soon  prove  the  extentof  its  tres- 
pass. They  heard  the  shots  go  off,  but  as  no  smoke  came  up,  one  of  them 
went  down  to  investigate.  Hearing  nothing  from  him,  anotha*  went 
down,  found  the  first  man  overcome  by  powder  fumes,  got  Mm  into  the 
bucket,  and  after  getting  in  himself,  signaled  to  hoist.  Before  the 
bucket  reached  the  surface,  he  also  became  unconscious,  and  what  was 
expected  to  be  a  triimiph,  came  near  being  a  tragedy.  It  was  fortunate 
that  the  flag  did  not  have  to  be  lowered  to  half-mast. 

The  St.  Louis  claim  was  located  Sept.  28,  1878,  as  an  extension  of  the 
Drumlummon.  There  is  abundant  evidence  from  the  location  notice, 
and  from  other  facts,  that  its  side  lines  were  straight,  as  shown  by  dotted 
lines  on  Fig.  2;  but  the  discovery  vein  of  the  St.  Louis  proved  disappoint- 
ing when  opened,  and,  the  9-Hour  location  having  been  made  in  the  mean- 
time by  William  Robinson,  July  26,  1880,  on  a  promising  discovery  of  ore, 
the  St.  Louis  owners,  in  surveying  their  claim  for  patent  in  July,  1881, 
ran  their  lines  so  as  to  take  in  the  9-Hour  discovery.  When  Robinson 
objected,  they  made  angles  in  their  side  lines,  leaving  out  the  shaft,  but 
by  such  a  narrow  margin  (about  10  ft.),  that  when  they  applied  for  patent, 
be  put  in  an  adverse  claim.  On  the  7th  of  March,  1884,  he  was  Induced 
to  withdraw  his  suit,  the  St,  Louis  owners  agreeing  to  convey  to  him,  on 
the  issuance  of  theu*  patent,  a  portion  of  the  ground  described  as  follows: 

"Commencing  at  a  point  from  which  the  center  of  the  diacovery  shaft  of  the 
Nin^HouT  lode  bears  south  30  degrees  32  minutea  east,  said  courae  being  at  right 
uigles  to  the  boundary  line  of  the  St.  Louis  lode,  between  comers  2  and  3,  fifty  feet 
distant,  thence  north  50  degrees  28  minutes  east  on  a  line  parallel  to  the  aforesaid 
boundary  line  of  the  St.  Louis  lode  claim,  between  comers  2  and  3,  226  feet  to  a  point 
OD  the  boundary  line  of  the  St.  Louis  lode  between  oomers  1  and  2;  thenoe  south  20 
degrees  28  minutes  west  along  said  boundary  between  oomers  1  and  2,  60.S  feet  to 
comer  No.  2  of  St.  Louis  lode;  thence  400.31  feet  to  comer  No.  3  of  St.  Louis  lode; 
thence  north  46  degrees  10  minutes  west  along  the  line  of  boundary  of  St.  Louis  lode, 
,  between  comers  3  and  4,  30  feet  to  a  point;  thence  north  SO  degrees  28  minutes  east 
along  a  line  parallel  to  the  boundary  line  of  St.  Louis  lode,  between  comers  2  and  3, 
230  feet  to  the  point  of  beginning,  including  an  area  of  about  12,844.50  square  feet 
together  leilh  aii  mineral  therein  contained." 

As  this  would  have  the  effect  of  moving  the  St.  Louis  line  40  ft.  farther 
away  from  his  discovery,  he  felt  secure  in  his  mineral  rights  to  the  9- 
Hour  vein.  The  territory  covered  by  this  contract  was  known  through  all 
the  years  of  subsequent  litigation  as  the  "Compromise  Strip."  (See 
Fig.  2.)  The  locator  had  only  developed  the  property  to  a  limited  ractent, 
when  he  sold  it  to  the  Montana  Co, 

Going  back  now  to  the  b^inning  of  the  litigation  with  the  St,  Louis 
M.  &  M.  Co. — a  suit  was  started  on  Oct.  14,  1890,  by  that  company 
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against  the  Montana  Co.  for  trespass  and  $2,000,000  damages.  An 
incline  shaft  had  been  sunk  on  the  St.  Louis  claim  to  a  depth  of  about 
370  ft.  (Fig.  2),  in  an  effort  to  find  the  Montana  Cc's  workings,  as  it 
was  known  that  the  Cruse  level  had  been  driven  several  hundred  feet 
south  of  the  Drumlummon  end  line,  and  into  the  Marble  Heart  claim. 
This  shaft  was  started  as  close  as  possible  to  the  side  line  of  the  St. 
Louis,  and  made  parallel  to  the  known  dip  of  the  Drumlummon  v^n. 
The  geologists  of  the  plaintiff  asserted  that  it  was  sunk  on  the  foot-wall 
of  the  Drumlummon  vein,  which,  they  said,  entered  the  St.  Louis 
clutn  at  its  north  end  line  with  a  width  of  about  70  ft.,  varying  from  that 
to  about  30  ft.  on  its  course  southerly;  and  they  claimed  the  Jubilee 
and  Jubilee  No.  2  ore  shoots  in  virtue  of  apex  rights  to  which  they 
were  entitled  by  the  alleged  fact  that  they  had  the  foot-wall  in  the  St. 
Louis  claim,  the  hanging-wall  being  in  a  junior  location,  the  Marble 
Heart.  The  case  came  on  for  trial  April  17,  1S93,  in  the  U.  S.  District 
Court  in  Helena,  and  five  weeks  later,  the  jury  gave  a  verdict  in  favor  of 
tbe  defendant,  thus  supporting  its  geologists  in  their  statement  that  the 
Drumlummon  in  its  apex  through  the  region  in  question  was  a  narrow 
vein,  not  exceeding  3  ft.  in  width,  a'dsting  between  two  wellnlefined 
walla  and  with  a  distinctive  barren  filling.  The  nature  of  this  vein 
matter  is  shown  below,  where  also  will  be  found  a  partial  analysis  of  the 
country  slate  or  homstone,  both  within  the  wide  vein  as  claimed  by  the 
plaintiff's  geologists  (A),  and  outside  of  it  (B). 

Barren  (A)  (B) 

Vein  Matter  Foot-wall  Hanging-wall 

1  ft.  to  3  ft.  wide  Homstone  Homstone 

Per  cent.  Per  cent.  Per  cent. 

SiO,                          23.  58.2  62.5 

FeO                            2.7  3,4  3.4 

CftO                          33.7  7.9  5.2 

MgO                          5.2  1.8  2.3 

AliOi                          4.6  18.0  18.5 

It  will  be  seen  there  is  very  little  difference  in  the  composition  of 
the  two  samples  of  homstone;  but  the  plaintiff  insisted  that  what  tbe 
defendant  called  the  whole  vein,  was  only  the  hanging-wall  gouge,  and 
that  the  rock  between  this  and  the  plaintiff's  alleged  foot-wall,  from  30 
to  70  ft.  distant,  was  "broken,  brecciated,  recemented  vein  matter." 
The  defendant  pointed  to  many  places  where  the  stratification  planes  of 
the  slate  were  strongly  in  evidence,  and  asserted  that  wherever  they  were 
indistinct  this  condition  could  be  explained  by  their  proximity  to  the 
contact  with  diorite. 

The  plaintiff  was  undoubtedly  infiuenced  in  his  exaggerated  claim 
for  12,000,000  by  the  name,  "The  Jubilee,"  given  to  the  ore  shoot  in 
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controveniy  by  the  defendant.  The  name  might  have  implied  that  the 
ore  was  of  extraordinary  richness,  but  it  was  in  fact  based  upon  the 
incident  that  it  was  discovered  June  21,  1887,  the  day  when  all  English- 
men were  celebrating  the  Golden  Jubilee  of  Queen  Victoria^  the  fiftieth 
anniversary  of  her  accession  to  the  throne. 

A  second  suit,  based  upon  the  same  facts  as  in  the  case  just  mentioned, 
but  covering  a  later  period,  was  dropped. 

And  now  we  come  to  another  chapter  of  the  war  between  the  two 
companies,  the  battle  ground  being  shifted  to  the  extreme  south  end  of 
the  mine.     (See  Fig.  3.) 

After  the  purchase  of  the  d-Hour  claim,  the  Montana  Co.  b^an 
active  exploration  of  the  ground  both  in  the  discovery  shaft  and  in  deep 
levels.  By  the  summer  of  1893  developments  bad  shown  that  the  vein 
would  cross  the  east  side  line  of  the  St.  Louis  claim  as  patented;  and  on 
June  19,  1893,  the  St.  Louis  Co.  commenced  an  action  to  restrain  the 
Montana  Co.  from  working  any  part  of  the  vein,  the  apex  of  which  was  in 
theSt.  Louis  claim  as  patented,  and  for  $10,000  damages,  for  ore  extracted 
within  the  boundaries  of  the  compromise  ground.  A  temporary  order 
was  issued,  restraining  the  Montana  Co.  from  sinking  its  apex  shaft 
upon  the  compromise  ground  near  the  boundary  between  that  ground 
and  the  9-Hour  claim.  The  case  was  removed  to  the  Federal  Court,  where 
a  new  complaint  was  filed  Sept.  16,  1893,  claiming  $200,000  damages  for 
the  ore  then  extracted.  For  100  ft.  or  more  along  the  surface,  and  to  a 
depth  of  about  50  ft.,  the  ore  was  richer  than  had  been  found  in  any  other 
workings  of  the  Drumlummon  vein;  and  the  fight  for  its  possesion  became 
very  bitter.  The  Montana  Co.  claimed  the  ground  in  controversy  by 
virtue  of  the  agreement  to  convey  the  compromise  ground.  The  action 
being  in  the  Federal  Court,  it  could  not  maintain  its  right  without  the 
full  legal  title  to  the  ground,  and  thereupon  it  commenced  an  action  to 
compel  the  St.  Louis  Co.  to  deed  to  it  the  compromise  ground,  in  accord- 
ance with  the  agreement  which  had  been  entered  into  with  Robinson  and 
his  associates.  Pending  the  proceedings  in  this  "specific-performance 
suit,"  the  proceedings  in  the  Federal  Court  were  suspended.  The 
specihc-performance  suit  dragged  its  length  along  until  the  year  1898, 
when  the  Supreme  Court  of  the  United  States  affirmed  the  decision  of  the 
State  District  and  Supreme  Courts,  requiring  the  St.  Louis  Co.  to  convey 
the  compromise  ground  in  accordance  with  its  agreement,  which  was 
done,  and  a  deed  was  executed  July  1,  1898,  embodying  the  description 
as  hereinbefore  set  forth. 

The  patent  of  the  St.  Louis  claim  was  issued  in  July,  1887,  and  William 
Robinson,  or  his  successor  in  interest,  the  Montana  Co.,  should  have 
received  a  deed  prompUy,  but  it  was  only  given  after  eleven  years  of 
annoying  and  expensive  lit^tion. 

In  November,  1898,  the  St.  Louis  Co.  filed  its  first  amended  complaint 
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in  the  United  States  Circuit  Court,  claiming  the  right  to  the  ores  beneath 
the  compromise  ground  by  virtue  of  its  ownership  of  the  apex  of  the  vein 
withm  the  limits  of  the  St.  Louis  claim,  wholly  outaide  of  the  compromise 
ground,  from  a  point  on  the  east  side  line  of  the  St.  Louis  claim  between 
corners  No6.  1  and  2,  520  ft.  distant  from  corner  No.  1  of  the  St.  Louis 
claim  to  a  point  on  the  west  side  line  of  the  compromise  strip  distant  108  ft. 
from  the  intersection  of  the  west  side  line  of  the  compromise  ground  with 

/   /  . 


Fio.  3. — WoBKiMOfi  iH  St.  Loms  and  S-Hour  Locations. 

the  east  side  line  of  the  St.  Louis  claim,  running  from  corners  Nos.  1  and  2, 
where  the  hanging-wall  of  the  vein  b^an  to  cross  from  the  St.  Louis 
ground  into  the  compromise  ground,  and  for  an  additional  portion  of  the 
mi  vein  for  a  distance  of  25  feet  to  the  point  where  the  foot-wall  of  the 
vein  passed  out  of  the  east  side  line  of  the  St.  Louis  lode  claim  into  the 
compromise  ground.    These  points  of  departure  of  the  hanging-wall  and 
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foot-wall  from  the  St.  Louis  ground  into  the  compromifie  ground  b 
known  as  the  lOS-ft.  and  the  133-ft.  planes. 

The  case  waa  not  reached  for  trial  until  1S99.  On  June  24,  1899, 
shortly  before  the  commencement  of  the  trial,  the  plaintiff  amended  its 
complaint,  alleging  that  since  the  filing  of  the  ordinal  complaint  and  up 
to  and  including  the  time  of  the  filing,of  the  second  amended  complaint, 
the  defendant  had  extracted  an  additional  amount  of  ore  of  the  value  of 
$400,000,  making  the  total  damages  claimed  $600,000.  The  trial  was 
had  before  Judge  Knowles  in  the  U,  S,  Circuit  Court  in  August,  1899,  aud 
resulted  in  a  verdict  for  the  plaintiff  in  the  sum  of  S23, 209  for  ore  extracted 
north  of  the  lOS-ft.  plane,  or  from  a  vein  which  had  its  apex  entirely 
within  the  St.  Louis  claim  outside  of  the  compromise  ground.  The  Dis- 
trict Judge  held  that  in  order  to  entitle  the  plaintiff  to  recover  it  must 
have  within  its  own  surface  lines  the  entire  apex  of  the  vein  from  which  the 
ore  was  extracted.  Both  parties  sued  out  writs  of  error,  the  St.  Louis  Co. 
upon  the  ground  that  it  was  entitled  to  the  ore  within  the  vein  to  the  ex- 
tent that  it  had  any  of  the  apex  within  its  surface  lines,  and  the  Montana 
Co.  on  the  ground  that  the  deed  conveyed  to  it  all  of  the  mineral  beneath 
the  compromise  ground,  and  that  as  the  verdict  embraced  daou^es 
only  for  ores  extracted  from  beneath  the  compromise  ground,  it  was 
entitled  to  a  judgment.  The  Circuit  Court  of  Appeals  reversed  the 
case  on  the  St.  Louis  Co.'s  writ  of  error,  holding  that  that  company, 
as  the  owner  of  the  senior  location,  was  entitled  to  recover  to  the  extent 
that  it  had  any  of  the  apex  within  the  surface  of  its  ground,  and  affirmed 
the  judgment  to  the  extent  of  $23,209,  overruling  the  Montana  Co.'s 
contention  that  the  deed  conveyed  the  ore  beneath  the  compromise 
ground,  where  such  ore  was  found  in  a  vein  apexing  partly  or  wholly 
outside  of  the  deeded  ground.  This  action  of  the  Court  of  Appeals  was 
reversed  by  the  Supreme  Court  of  the  United  States  on  writs  of  error 
sued  out  by  the  Montana  Co. ;  and  that  court  held  that  the  reversal  of  the 
judgment  of  the  Circuit  Court  as  to  one  portion  of  the  case  reversed  the 
entire  case,  and  remanded  the  case  to  the  Circuit  Court  for  a  new  trial, 
without  deciding  any  of  the  points  in  controversy. 

The  case  was  again  tried  in  the  Circuit  Court  in  Helena,  before  Judge 
Hunt,  District  Judge,  sitting  as  a'Circuit  Judge,  in  May  and  June,  1905. 
Jui^e  Hunt,  following  the  ruling  of  the  Circuit  Court  of  Appeals,  held 
that  the  plaintiff  was  entitled  to  recover  for  the  ores  extracted  between 
the  520-ft.  and  the  133-ft.  plane,  and  a  verdict  was  rendered  in  the  sum  of 
$195,000.  Writs  of  error  were  again  sued  out,  and  the  case  was  reviewed 
by  the  Circuit  Court  of  Appeals.  It  then  went  to  the  Supreme  Court 
of  the  United  States,  which,  on  Jan.  14,  1907  (204  TI.  S.  204),  rendered  its 
opinion  that  the  deed  to  the  compromise  ground  conveyed  all  of  the  min- 
eral beneath  the  compromise  ground.  As  the  decision  of  that  point  might 
end  the  litigation,  none  of  the  other  questions  were  directly  passed  upon. 
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But  in  his  opinion,  Mr.  Justice  Brewer  raised,  for  the  first  time,  the  sug- 
gestion that  the  deed  to  the  compromise  ground  carved  out  a  section  from 
the  vein. 

When  the  mandate  was  filed  in  the  Circuit  Court,  the  Montana  Co. 
moved  to  dissolve  the  injunction,  which  had  been  granted  at  the  time  of 
Gliog  the  original  complaint,  restraining  it  from  extracting  ores  beneath 
the  compromise  ground,  basing  its  motion  upon  the  decision  of  the 
Supreme  Court  of  the  United  States  that  the  deed  to  the  compromise 
ground  conveyed  to  the  Montana  Co.  all  of  the  ores  beneath  its  surface. 
On  March  30,  1907,  Judge  Hunt,  District  Judge,  sittii^  as  a  Circuit 
Judge,  granted  the  defendant's  motion  and  dissolved  the  injunction. 
The  St.  Louis  Co.  then  applied  to  the  Supreme  Court  of  the  United  States 
For  a  modification  or  an  explanation  of  its  opinion  relative  to  the  con- 
struction of  the  deed,  but  the  Supreme  Court  denied  the  application, 
without  any  further  opinion.  The  St.  Louis  Co.  then,  on  Ai^.  28,  1907, 
made  an  application  for  leave  to  amend  its  complaint,  so  as  t-o  claim  dam- 
ages for  or^  extracted  from  the  vein  on  its  dip  after  it  had  passed  through 
the  compromise  ground,  placii^  its  damages  at  $500,000  for  ores  extracted 
from  that  portion  of  the  vein  on  or  about  the  30th  day  of  June,  1893,  and 
for  $500,000  for  ores  extracted  from  that  portion  of  the  vein  between 
June  30,  1893,  and  the  date  of  tendering  this  amended  complaint.  It 
also  allied  that  the  foot-wall  of  the  vein  was  at  all  points  either  in  the 
compromise  strip  or  the  St.  Louis  claim,  and  passed  out  at  some  indefimte 
point  across  the  south  end  line  of  the  St.  Louis  claim  as  patented;  the 
contention  of  counsel  for  the  St.  Louis  Co.  being  that  under  the  Supreme 
Court  decision,  the  St.  Louis  Co.  owned  all  ore  in  the  vein  after  it  had 
departed' from  the  compromise  ground  on  its  dip,  so  long  as  any  part  of 
the  apex  of  the  vein  lay  within  either  the  compromise  strip  or  the  St. 
Loius  claim. 

This  proposed  amended  complaint  not  only  extended  the  surface 
area  in  which  was  embraced  the  apex  of  the  vein  from  which  the  ore  was 
allied  to  have  been  extracted,  but  carried  the  place  of  trespass  into  the 
depth  of  the  mine  and  into  stopes  from  which,  many  years  before  the  filing 
of  this  amended  complaint,  ore  had  been  taken,  assumed  by  the  com- 
plainant to  be  of  the  same  high  value  as  that  taken  from  the  compromise 
ground  near  the  surface.  The  proposed  amended  complaint  also  set 
forth  the  fact  that  the  Montana  Co.  had  worked  out  the  remaining  veins 
belonging  to  it,  had  ceased  its  operations  in  Montana,  and  was  in  an  insol- 
vent condition,  having  no  property  within  the  jurisdiction  of  the  Court, 
except  the  practically  dismantled  mining  plant.  The  plaintiff  asked  for 
an  injunction  on  the  equity  side  of  the  court,  restraining  the  Montana  Co. 
from  mining  upon  the  compromise  ground,  notwithstandii^  the  decision 
of  the  Supreme  Court  of  the  United  States  that  the  ore  beneath  that 
ground  belonged  to  the  Montana  Co.,  basing  its  right  to  an  injunction 
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upon  the  allegation  of  insolveacy  and  inability  of  the  Montana  Co.  to 
respond  in  damages  in  the  event  that  the  St.  Louis  Co.  recovered  judg- 
ment; and  that  the  St.  Louie  Co.  must  necessarily  recover  judgment  in 
some  amount,  because  the  portion  of  the  vein  from  which  the  ores  had 
been  extracted  was,  by  the  decbiou  of  the  Supreme  Court,  awarded  to  the 
St.  Louis  Co. 

This  construction  of  the  decision  of  the  Supreme  Court  was  assailed 
by  the  attorneys  for  the  Montana  Co.  upon  the  ground  that  the  declara- 
tion of  Mr.  Justice  Brewer  in  the  opinion  of  the  Supreme  Court,  that  the 
effect  of  the  compromise  deed  was  to  carve  out  a  section  of  the  vein, 
leaving  the  remaining  portion  unconveyed,  referred  only  to  the  portion  of 
the  vein  on  its  dip  where  all  or  a  part  of  its  apex  lay  within  the  St.  Louis 
claim,  and  had  no  reference  to  the  vein  after  its  apex  had  wholly  passed 
into  the  compromise  strip,  and  that  the  Supreme  Court  by  its  refusal  to 
modify  or  amend  its  mandate  had  practically  so  determined.  Objection 
was  also  made  to  the  filing  of  this  amended  complaint  upon  the  ground 
that  by  removing  the  point  of  departure  of  the  foot-wall  from  the  133-ft. 
plane  to  the  south  end  line  of  the  St.  Louis  claim,  there  was  brought  into 
the  litigation  a  trespass  upon  an  area  of  groimd  not  embraced  in  the  origi- 
nal ground,  and  that,  as  to  that  portion  of  the  damages  claimed,  the  stat- 
ute of  limitations  had  barred  recovery.  These  contentions  were  finally 
overruled  by  the  Circiut  Court,  and  on  Dec.  2,  1907,  leave  was  given 
to  file  the  third  amended  complaint.  The  defendant  answered;  and  on 
Jan.  10,  1908,  Judge  Hunt  issued  an  injunction  restraining  the  Montana 
Co.  from  extracting  ores  from  beneath  the  compromise  strip  pending  the 
lit^ation.  This  injunction  was  unique  in  the  history  of  mining  litigation 
in  Montana,  in  that  it  restrained  the  Montana  Co.  from  extracting  ores 
from  the  portion  of  the  ground  awarded  to  it,  in  order  that  these  ores 
might  be  preserved  to  answer  any  judgment  which  might  be  recovered 
against  the  Montana  Co.  for  trespass  upon  the  portion  of  the  vein  which, 
it  was  claimed,  the  Supreme  Court  had  awarded  to  the  St.  Louis  Co.  An 
appeal  to  review  this  action  of  Judge  Hunt  was  taken  to  the  Circuit  Court 
of  Appeals  for  the  Ninth  Circuit,  and  on  March  2,  1909,  the  action  of  the 
Cu-cuit  Court  was  affirmed. 

The  case  then  came  on  for  trial  E^;ain  before  Jui^e  Hunt  m  1909, 
commencii^  June  14  and  ending  August  11.  B^ore  and  duringthe trial, 
^(tensive  explorations  were  made  upon  the  surface  ground,  aad  the  case 
was  bitterly  contested  by  the  experts  of  the  two  parties  as  to  the  location 
of  the  foot-wall.  At  the  close  of  the  testimony  on  behalf  of  the  Montana 
Co.,  the  St.  Louis  Co.  amended  its  third  amended  and  supplemental 
complaint  and  replication,  by  withdrawing  the  allegation  of  the  compro- 
mise ground  as  apart  of  the  St.  Louis  claim,  and  substituting  in  lieu  th^ eof 
the  all^ation,  contained  in  the  former  complaints,  that  the  compromise 
ground  was  and  always  had  been  a  part  of  the  9-Hour  claim.    The  oom- 
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plaint  was  further  amended  by  alleging  that  the  apex  of  the  vein  in  con- 
trover^  passed  entirely  into  the  compromise  ground  at  the  point  desig- 
nated as  the  268.6-ft.  plane.  This  amendment^  which  was  strenuously 
objected  to  by  counsel  for  defendant,  and  was  made  after  the  grantii^  of  a 
sweeping  injunction  upon  the  construction  of  the  Supreme  Court  decision, 
urged  by  the  St.  Louis  Co.'s  counsel,  and  after  defendant  had  been  com- 
pelled to  prepare  its  defense  of  the  cause  to  meet  such  legal  theory,  and 
after  all  of  the  evidence  in  chief  of  the  St.  Louis  Co.  had  been  introduced 
upon  this  theory — permitted  the  St.  Louis  Co.  to  make  a  complete  somer- 
aatilt  in  its  l^al  position,  and  seek  a  recovery  upon  new  allegations  of 
fact,  upon  which  it  confessedly  could  not  have  recovered  under  the  com- 
plaint as  it  stood  up  to  the  time  when  the  Montana  Co.  was  required  to 
present  its  evidence.  Under  the  pleadii^s  as  they  stood  up  to  this  time, 
a  portion  of  the  apex  of  all  the  vein  in  controvo-sy  lay  within  the  com- 
promise strip,  and  the  compromise  strip  "  was  and  always  had  been  a  part 
of  the  St.  Louis  claim,"  which  part  had  been  conveyed  to  the  predecessors 
of  the  Montana  Co.  by  a  conveyance  prior  to  that  by  which  the  remainder 
of  the  St.  Louis  claim  had  been  conveyed  by  the  same  grantors  to  the  St. 
Louis  Co.  Under  the  law  the  effect  of  the  first  deed — that  conveying  the 
compromise  strip — was  to  conv^  all  of  the  vein  on  its  dip  bo  long  as  any 
part  of  the  apex  lay  within  the  compromise  strip.  By  this  last  amend- 
ment, the  St.  Louis  company  was  permitted  to  take  the  position  that 
the  compromise  strip  "was  and  always  had  been  a  part  of  the  Q-Hour 
claim,"  thus  presenting  a  question  of  rights  on  the  dip  of  a  vein,  the  apex 
of  which  was  divided  between  the  junior  9-Hour  claim  and  the  prior 
St.  Louis  location,  thereby  presenting  entirely  different  questions  both  of 
law  and  fact.  By  this  last  amendment,  the  controversy  was  narrowed 
down  to  the  qnestion,  whether  the  foot-wall  passed  into  the  compromise 
ground  at  the  133-ft.  plane  or  at  a  point  farther  south,  designated  as  the 
268-ft.  plane.  The  jury  found  that  the  foot-wall  entered  the  compromise 
ground  at  the  133-ft.  plane  (as  contended  by  the  witnesses  of  the  Montana 
Co.,  who  maintained  that  the  apex  of  the  vein  was  only  about  10  ft. 
wide,  as  ag^ust  the  assertions  of  the  St.  Louis  witnesses  that  its  width 
was  55  ft.),  and  awarded  the  St.  Louis  Co.  damages  for  the  amount  of  ore 
extracted  from  the  vein  after  it  had  departed  from  the  compromise 
groimd,  aggregating  1,912  tons,  valued  at  $237,470.40.  The  court  had 
instructed  the  jury  that  if  they  found  in  favor  of  the  plaintiff,  th^  should 
include  in  their  verdict  interest  at  8  per  cent,  per  annum  on  the  value  of  the 
ore  extracted  in  1893.  As  nearly  16  years  had  elapsed,  the  interest 
amounted  to  considerably  more  than  the  value  of  the  ore.  From  the 
above  amount  was  deducted  the  value  of  218  tons  of  ore  taken  by  the  St. 
Louis  Co.  from  beneath  the  compromise  strip,  amountli^  to  $34,341.38, 
including  interest — making  the  verdict  $203,129.02.  Upon  a  writ  of 
error  the  judgment  was  reviewed  by  the  Circuit  Court  of  Appeals,  where 
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it  was  affirmed  (183  Fed.  51),  and  a  petition  for  a  writ  of  certiorari  was 
denied  by  the  Supreme  Court  of  the  United  States  on  March  6,  1911. 
The  Montana  Co.  decided  to  offer  no  further  reaiatance,  and  in  due  course 
the  property  was  sold  by  the  sheriff  to  the  plaintiff. 

In  the  foregoing  chronology  of  the  litigation  and  analysis  of  court 
proceedings,  Messrs.  E.  C.  Day,  C.  F.  Kelley,  and  L.  O.  Evans  have 
kindly  given  the  writer  great  assistance. 


l^NS/rUD/NAL  P/^L/scr/ou 


FiQ.  4. — Longitudinal  Fkojbction  qf  9-Hoiir  Wobkingb. 

Reviewing  this  history,  we  find  that  the  litigation  in  its  various 
phases  required  in  the  aggr^ate  about  five  months  in  the  four  triala  on 
questions  of  fact,  and  that  it  reached  the  State  Supreme  Court  once,  the 
Circuit  Court  of  Appeals  five  times,  and  the  Supreme  Court  of  the  United 
States  four  times.  Furthermore,  much  time  was  occupied  by  the  courts 
in  many  preliminary  hearings. 

The  jury  by  their  verdict  showed  that  they  did  not  accept  the  wide- 
vein  theory  of  the  plaintiff,  for,  if  they  had  done  so,  they  would  have 


.coy  Google 


THE  APEX   LAW    IN   THE   DHUMLUUUON    CONTBOTSRST  757 

awarded  him  damages  for  the  proceeds  of  31,502  tons  of  ore,  instead  of 
1,912,  which  was  about  the  amount  admitted  by  the  defendant  as  baving 
been  extracted  by  it  und^  its  own  surface,  but  from  that  part  of  the  vein 
having  its  apex  partly  within  the  St.  Louis  claim,  west  of  the  compromise 
strip.  The  award  of  $237,470.40  must  have  placed  an  original  value  of 
about  155  per  ton  on  the  ore.  Fig.  4  shows  the  extent  of  the  excavation 
made  by  the  Montana  Co.  north  of  the  133-ft.  plane  and  east  of  the  com- 
promise ground,  and  nearly  all  of  this  work  was  done  in  and  beyond  the 
extreme  northern  limits  of  the  pay  ore.  Many  samples  were  taken,  before 
the  trial,  from  the  ore  remainii^  in  these  workings,  and  the  assays  were 
submitted  in  court,  giving  what  was  thought  to  be  ample  proof  that  the 
material  extracted  did  not  return  the  compai^  a  pr(^t  of  $15  per  ton. 
Samples  had  also  been  taken  as  the  work  progressed ;  but  the  samplers  and 
Bssayers  of  that  time  were  either  dead  or  out  of  reach,  and  the  company 
could  not  prove  its  records  by  personal  testimoi^.  FurthCTmore,  believ- 
ing fully  in  the  validity  of  its  title  to  the  compromise  ground  and  to  all 
the  mineral  therein  contuned,  and  that  no  adverse  rights  could  be  auc- 
ceesfully  claimed  b^ond  this  strip  and  within  the  9-Hour  location,  as 
patented,  the  defendant  had  not  taken  the  precaution  to  run  the  ore  in 
question  through  the  mills  by  itself,  thereby  placing  on  record  its  bullion 
yield.  Moreover,  there  was  a  metallui^cal  advanti^e  in  working  it  with 
ore  from  other  parts  of  the  mine. 

The  advocates  and  defenders  of  our  mining  law  insist  that  in  no  way, 
except  by  giving  the  discoverer  of  a  vein  the  right  to  follow  it  on  its  dip 
under  adjoining  ground,  can  he  realize  the  full  benefits  to  which  be  is 
entitled.  But  in  this  case,  the  plaintiff  was  not  suing  for  any  rights 
directly  pertaining  to  his  discovery  vein.  His  demands  were  based 
entirely  upon  an  incidental  vein,  the  existence  of  which  was  unknown  to 
him  when  he  made  the  St.  Louis  location;  and  this  vein  only  skimmed 
fdoug  his  side  line.  Yet  the  grantees  of  the  actual  discoverer  of  the  lode 
in  question  finally  lost  the  entire  property  as  a  result  of  these  demands. 
With  no  development  along  the  vein,  the  strike  in  the  9-Hour  discovery 
led  the  locator  to  believe  that  in  compromising  with  the  St.  Louis,  he 
would  have  the  apex  of  the  lode  within  his  claim  from  end  to  end;  and, 
according  to  all  considerations  of  equity  and  justice,  the  worst  that  should 
have  happened  in  consequence  of  his  lack  of  knowledge  of  the  course  of 
the  vem,  should  have  been  the  loss  of  the  ore  included  within  the  vertical' 
boundaries  of  the  St.  Louis  claim,  excluding  the  compromise  ground. 
But  what  happened?  By  the  application  of  the  apex  law,  he  was  deprived 
(rf  all  ore  in  the  vein  he  had  discovered  up  to  the  133-ft.  plane,  and  was 
adjudged  to  be  liAble  in  damc^es  to  the  St.  Louis  Co.  for  more  than 
1200,000,  covering  1,912  tons  of  ore  which  he  had  extracted  from  under  his 
own  surface.  Furthermore,  if  the  jury  had  accepted  the  wide-vein  theory 
of  the  St  Louis  witnesses,  and  had  given  it  extralateral  ownership  to  all 
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the  ore  up  to  the  268-ft.  plane,  the  9-Hour  locator  would  have  had  no 
rights  in  hia  discovery  shaft,  and  would  have  been  a  trespasser,  and  liable 
in  dam^es,  when  he  took  a  little  sack  of  ore  from  there  to  the  assayer,  bo 
that  he  oould  support  the  affidavit  in  his  location  notice,  to  the  effect  that 
he  had  made  a  valid  discovery. 

Can  any  one  describe  an  instance  where  such  injustice  has  resulted  in 
the  operation  of  the  mining  laws  of  other  countries?  With  extralateral 
r^hts  abolished,  undei^ound  r^hts  would  be  settled  quickly  on  mathe- 
matical planes  and  years  of  litigation,  with  attending  costs,  would  be 
avoided, 

DiSCUBSION 

Fredebick  T.  Greene,  Butte,  Mont. — Mr.  Goodale's  very  excellent 
history  of  the  Drumlummon  litigation  educes  certain  reflections,  which, 
while  not  obviously  germane  to  his  subject,  are  allied  to  the  practical 
operation  of  mining  lawsuits. 

Most  apex  litigation  necessitates  many  intricate  problems  involving 
the  intersections  of  plane  surfaces  with  one  another.  A  very  simple 
problem  of  this  kind  is  indicated  in  Fig.  4.  The  vertical  plane  through 
the  St.  Louis  side  line  cuts  the  vein  and  the  line  of  intersection  is  repre- 
sented by  a  bent  line — bent,  because  there  is  a  change  in  the  dip  of  the 
vein  producing  a  like  change  in  the  line  of  intersection.  In  consequence, 
a  jury,  probably  composed  of  men  who  never  even  heard  of  descriptive 
geometry,  is  required  to  decide  as  to  the  cubical  contents  of  this  irregular 
polyhedron.  In  this  particular  instance  the  necessary  knowlet^e  is  of 
the  simplest,  but  there  have  been  cases  in  which  the  question  of  dtuaage 
involved  some  very  intricate  geometrical  problems.  In  the  solution  of 
such  problems  it  is  essential  that  the  ability  to  mentally  depict  the  three 
dimensions  of  a  body  in  their  proper  relations  be  invoked.  In  my  own 
experience  I  find  that  many  engineers  who  have  had  a  course  in  descrip- 
tive geometry  lack  the  power  to  correctly  place  the  third  dimension  in  its 
relation  to  the  other  two.  Now,  if  they  cannot  comprehend  a  problem 
involving  these  points  how  much  less  capable  must  be  the  average  juror. 
Nor  is  it  at  all  probable  that  the  average  District  Court  Judge  is  much 
more  successful  in  this  than  the  juror,  and  the  result  of  this  failure,  and 
of  the  fact  that  many  other  of  the  problems  involved  in  "apex  suits" 
are  likewise  incomprehensible  to  the  judge  or  juror,  is,  that  the  attitude 
assumed  by  both  judge  and  jury  becomes  that  of  a  referee  in  a  game;  the 
victory  goes  to  the  aide  which  "plays  the  game"  according  to  the  rule 
which  appeals  to  that  particular  judge  or  set  of  jurors. 
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It  ia  the  object  of  this  paper  (1)  to  deal  with  the  elements  in  blast- 
furnace gaa  from  the  standpoint  of  their  importance,  and  the  part  they 
are  to  play  in  future  consumption,  and  (2)  to  give  detfuled  information 
about  the  construction  and  operation  of  a  plant  designed  among  the 
fitBt  in  this  country  for  washing  gas  on  a  large  scale. 
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HiBTOBT 

The  coDBervatioQ  and  use  of  blast-furnace  gas  dates  back  to  the  earlier 
history  of  pig-iron  manufacture.  Before  this  period  all  the  gas  was 
wasted,  but  the  advent  of  the  hot-blast  atove  and  Bteam  blowing  engines 
brought  a  demand  for  additional  fuel,  and  tlie  natural  source  of  this  was 
waste  gas  at  the  tunnel  heads.  The  regulation  of  the  intenaty  of  the 
hearth  temperature  by  the  preheating  of  the  air  has  been  discussed  on 
many  occasions,  and  the  value  of  the  waste  gag  as  a  substitute  for  coal 
is  a  definite  problem,  so  only  a  passing  mention  may  be  made  of  these 
applications,  each  being  a  subject  requiring  a  separate  study.  The 
principal  fuel  in  these  instances  is  carbon  monoxide  together  with  small 
percentages  of  hydrogen  and  hydrocarbons.  The  heated  air,  entering 
at  the  tuySree  and  encountering  a  great  excess  of  incandescent  carbon, 
combines  with  sufficient  carbon  to  form  the  lower  carbon  oxide  and  leaves 
the  tuyere  area  in  this  condition  at  a  temperature  of  3,100°  to  3,200°  F. 
This  hot,  imsaturated  gas  contfuning  38  per  cent,  monoxide  passes  upward 
through  the  stock,  giving  up  its  sensible  heat,  and  is  partly  oxidized  to 
COj  by  the  ore  until  it  leaves  the  top  with  an  average  composition  of  12 
per  cent.  COi  and  25  per  cent.  CO.  The  moisture  in  the  blast  will  con- 
tribute about  3.5  per  cent,  of  hydrogen  by  its  decompo^tion,  and  the 
evaporation  of  the  water  in  the  stock  also  accounts  for  about  35  grains  of 
moisture  per  cubic  foot  of  gas.  The  hydrocarbons  come  from  the  volatile 
matter  in  the  coke.  The  gas  issues  from  the  top  at  a  velocity  varying 
■  with  the  volume  of  air  blown  and  the  size  of  the  tops  and  outlets,  and 
its  temperature  is  usually  from  300°  to  400°  F.  Its  constitution  also  varies 
with  the  fuel  practice  of  the  furnace.  The  problem  of  handling  the  gas 
would  be  a  comparatively  easy  one  if  the  gas  leaving  the  furnace  did  not 
carry  along  mechanically  a  considerable  quantity  of  what  is  known  aa 
flue  dust,  as  welt  as  a  material  which  afterward  sublimes  and  is  extremely 
hard  to  remove. 

Constitution  op  Blasi^Purnacb  Gab 

Blast-furnace  gas  can  then  be  considered  as  composed  of:  (1)  true  gas, 
(2)  moisture,  and  (3)  solids  (consisting  of  (a)  solids,  and  (b)  volatile 
material  which  sublimes  or  is  soluble  in  washing  water). 

Table  I  shows  the  average  analysis  of  clean  gas  for  engine  purposes 
at  the  Duquesne  Works  for  the  year  1912. 

True  Gas 

Carbon  Monoxide  and  Dioxide. — ^As  mentioned  in  the  preceding  para- 
graph, the  gas  relations  of  CO  to  COj  vary  with  furnace  conditions  and 
practice. 
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Table  I. — Analysis  of  Blaat-Fwmace  Gas  Delivered  to  the  Gas  Engines 
Year  1912 
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Hydrogen. — The  amount  of  hydrogen  varies  with  the  moisture  in 
the  blast  and  the  moisture  which  is  decomposed  from  the  water  in  the 
Etock  if,  by  a  slip,  the  incandescent  coke  comes  in  contact  with  the  wet 
stock.  An  example  of  this  variation  in  hydrogen  content  is  given  from 
an  experience  during  a  slip  as  follows: 

It  was  noticed  that,  following  heavy  slips  on  No.  6  furnace,  the 
engines  back  fired  badly.  These  back  fires  followed  in  the  length  of 
time  occupied  by  the  gas  in  passing  through  the  system  from  the  furnace 
to  the  engines.  Several  sample  tubes  were  placed  in  readiness  and,  on 
a  similar  slip,  gas  samples  were  taken;  the  results  are  given  on  p.  4. 
Water  to  the  extent  of  8  per  cent,  of  the  ore  weight  was  used  at  this 
time.  These  samples  were  checked  three  times  in  the  laboratory.  The 
engines  back  fired  and  prematured  very  badly  during  this  slip. 

HydTocarhons.—The  amount  of  hydrocarbons  depends  on  the  volatile 
matter  in  the  coke;  some  are  soluble  in  the  washing  water.  An  analysis 
of  the  water  of  condensation  from  the  gas  muns  shows  that,  without  a 
doubt,  other  organic  matter  was  carried  away  in  the  scrubbing.  A 
ferro-cyauide  coloration  is  noticeable  on  the  bottom  of  the  scrubbers, 
although  analysis  will  not  show  it. 
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Analyses  oj  BJast-FurJiace  Gas  taken  at  the  Inlet  to  No.  9  Scrubber  during 
a  Slip  on  No.  6  Furnace 

Percentage 

by  Volume 
I  11" 

Carbon  dioxide 12.9  Carbon  dioxide 16.8 

Oxygen 0.1  Carbon  monoxide 23.8 

Carbon  monoxide 19.8  Methane 0.2 

Methane 1.6  Hydrogen 9.2 

Hydrogen 38.8  Nitrogen 50.0 

Nitrogen 26.8 

B.t.u.  (62°  F.  and  30  in.  B.tu.  (62°  P.  and  30  In. 

Hg),  209.5  Hg),  110.8. 

•  Taken  immediately  after  No.  I  and  at  the  same  place. 

Water  of  Condensation. — This  water  has  a  strong  nauseating  smell  and 
taste.  It  is  clear  and  colorless,  with  the  following  analysis,  after  filtering 
off  2.9  parts  per  100,000  of  ferric  oxide,  FeiO»: 

Parts  per  100,000 

Total  solids 467 

Inorganic  solids 213 

Oti^anic  solids 254 

Iron  is  combined  with  an  oi^anic  acid,  is  oxidized  by  air  and  precipi- 
tated.   No  evidence  of  cyanides  was  observed. 

Moisture 

The  amount  of  moisture  in  the  raw  gas  varies  with  the  water  in  the 
stock.  The  use  of  Mesabi  ore  has  made  the  addition  of  water  a  necessity 
in  most  cases  of  hard-driven  furnaces  in  order  to  prevent  dust  being 
blown  over,  and  this  water,  of  course,  is  evaporated  and  carried  by  the 
gas.  The  e£Fect  of  the  water  in  the  gas  is  shown  in  the  following  tables 
and  calculations  for  different  conditions  and  assumes  the  use  of  gas  free 
from  dust. 

Inspection  of  Table  II  will  disclose  the  fact  that,  per  pound  of  dry 
fuel  gas  consumed,  clean  gas  at  70"  F.  moisture  saturated  at  70°  F.  gives 
an  available  heat  of  79.51  per  cent,  products  of  combustion  cooled  to 
600°  F.  Raw  gas  at  400°  F.  and  35  grains  moisture  follows  with  available 
heat  of  77.03  per  cent,  products  of  combustion  cooled  to  600°  F.  Partly 
washed  and  cooled  gas  at  125°  F.  gives  an  available  heat  supply  of  74.33 
per  cent,  products  of  combustion  cooled  to  600°  F. 

From  a  calculated  thermal  standpoint,  we  conclude,  as  evidenced 
by  the  table  under  inspection,  that  washed  gas  cooled  to  70°  F.  gives 
the  lai^est  percentage  of  avmlable  heat.    This  is  followed  by  hot  un- 
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washed  gaa  under  furnace-top  conditions  carrying  35  gruns  moisture. 
The  lowest  percentage  of  available  beat  is  shown  to  exist  for  washed  gas 
cooled  to  125°  F.  Under  conditions  of  this  table  it  may  be  interesting 
to  note  that  thermal  equilibrium,  raw  unwashed  gas  against  washed  gas, 
approximates  a  temperature  midway  of  70°  and  125°  F. 

Solids 

The  solids  contained  in  the  gas  consist  of,  first,  the  mechanically 
carried  particles,  of  varying  degrees  of  fineness  and,  second,  a  volatile 
substance  which  is  carried  as  a  gas  and  finally  deposited  or  which  may 
pass  through  the  entire  system. 

Mechanically  Carried  Flue  Dirt.— -The  table  following  shows  the 
analysis  of  fine  dust,  using  90  per  cent.  Mesabi  ores,  for  the  year  1912: 

Analyaia  of  Downcomer  Dust  for  Year  1912 

Month  SiOi       Fe  Mn  FhoB  HtO  Alfi,  Bases  Unflux 

January 7.30  44,03  0.74  0.080  14.60  2.34  1.90  7.74 

Jfebruary 8.26  40.58  0.69  0.070  14.20  2.69  2.38  8.87 

March 8.18  38.48  0.80  0.068  21.30  2.77  1.64  9.31 

April 10.36  36.29  0.61  0.066  15.60  2.67  2.47  10.56 

May 11.90  37.71  0.68  0.082  14,30  2.78  2.78  12.61 

June 9.66  40.88  0.65  0.071  10.10  2.74  2.38  10.02 

July 8.89  38.37  0.58  0.102  10.60  2.57  3.64  7.92 

,    August 8.01  35,01  0.68  0.101  17.50  2.46  2.73  7.74 

September 8.66  40.28  0.70  0.118  12.20  2.86  2.85  8.67 

October 9.34  40.29  0.56  0.093  13.20  2.58  2.25  9.67 

November 6.27  38.95  0.52  0.054  14.40  2.17  1.51  6.93 

December 8.77  40.58  0.50  0.071  14.90  2.66  2.J7  9.26 

Average 8.80    39.29    0.64    0.080    14.48    2.61    2.38      9.03 

Chemical  and  Physical  Characteristics  of  Flue  Dust.~Tbe  gas  from  the 
furnace  should  deposit  the  heavier  material  of  the  flue  dust  in  the  dust 
catcher  and  pockets,  and  only  the  lighter  material  should  pass  to  the 
scrubbers.  In  order  to  determine  if  this  is  true,  we  took  samples  of  dust 
from  the  dust  catcher  and  also  samples  of  the  sludges  from  the  settling 
basins,  to  ascertain  the  qualities — both  physical  and  chemical.  We  first 
endeavored  to  sieve  the  material,  after  drying,  but  with  no  success,  and 
then  washed  it  through  screens,  weighii^  that  which  remained.  The 
screens  ran  tip  to  300-mesh,  and  the  tests  show  that  92  to  95  per  cent,  of 
the  sludge  from  the  basin  passed  through  the  300-mesh  screen.  This 
material  is  also  the  richest  in  metallic  yield,  showing  41  per  cent.  iron. 
It  is  noticeable  that  only  a  low  percentage  of  fine  dust,  that  is  through 
a  300-mesh  screen,  remained  in  the  dust  catcher — 18  per  cent,  in 
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one  case  and  5  per  cent,  in  another.  This  may  have  been  carried  down 
in  contact  with  lai^er  particles;  that  is,  the  fine  particles  would  stick  oo- 
the  lai^er  ones,  but  would  be  separated  by  water.  I  would  mention  that 
very  interesting  data  would  be  revealed  if  ore  were  wet  sieved  instead  of 
dry  sieved:  a  more  uniform  and  more  accurate  representation  of  the  actual 
phy^cal  condition  would  then  be  had.  An  ore  which  we  sieved  dry,  ran 
9  per  cent,  through  100-meah,  and  the  same  sample  ran  24  per  cent, 
through  100-mesh  when  wet  sieved. 


Wet  Sieve  Analysis 


Duat  direct  from  No.  6  duat  catcher 

Weight  Per  cent.  Kemaiaing 

grams  weight  on 

0.60  0.79  20 

2. SO  3.71  40 

3.10  4.10  60 

6.55  8.07  80 

2.90  3.84  100 

19.60  26.94  150 

18.60  24.62  200 

7.60  10,06  300 

13.80  18.27         Through  300 


Duat  direct  from  ecrubber 


Weight 

Per  cent. 

grams 

weight 

0.17 

0,26 

0.20 

0.31 

0.29 

0.45 

0.20 

0.31 

0,81 

1.25 

1.63 

2.52 

1.40 

2.18 

60.00 

92,74 

Wet  Sieve  Ajialysis 


Durt  direct  from  scrubber 

From  No. 

2  furnace  dust 

i»tcher 

Weight               Per  cent. 

Remaining 

Weight 

Per  cent. 

grams                   weight 

on 

grams 

weight 

20 

18.8 

2.62 

0.05                     0.08 

40 

105,8 

23,13 

0.2S                     0.40 

60 

113,9 

15.89 

0.15                     0.24 

80 

•      175.3 

24.45 

0.15                     0,34 

100 

31.8 

4.43 

0.82                     0.51 

150 

138.2 

19.26 

0.70                     1.12 

200 

34.8 

4.85 

1.45                     2.33 

300 

59.30                   95.08 

Through  300 

Through  200 

38.2 

5.36 

Total.. ..62. 37 
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Analysis  of  Flue  Dust  Direct  Jrom  Scrubber  Water.    Wet  Sieving 

On  150  On  200  On  300       Through  300 

SiUcB 10.86  14.02  13.85  15.00 

Iroa 20.23  26.11  28.89  41. IJ 

Manganese ..."..  0.72 

Alomina 7.64 

Lime 1.55 

Mfignesia 0.15 

Ignition  loss 53.42  30.01  34.55  15.92 

ATialysis  of  SelUing  from  Settling  Basin 

No.  1  Bay  No.  5  Bay 

Silica 13,53  11.92 

Iron 43.00  45.75 

Alumina 8.00  6.09 

Ignition  loea 11.35  10.00 

Settling  Properties  of  Flue  Dust. — Bearing  in  mind  the  finely  divided 
condition  of  the  dust,  as  shown  in  the  sieve  teste,  it  will  be  inter^ting  to 
note  the  rate  of  settling  of  this  material.  We  have  a  double  settling  basin. 
The  water  passes  from  the  collecting  sewer  beneath  the  scrubbers  and 
flows  into  one  section,  filling  it  with  dirt.  The  dirty  water  is  then  di- 
verted to  the  other  section,  and  the  first  cleaned  by  means  of  agrab  bucket, 
the  material  being  loaded  into  cars.  There  are  six  partitions,  or  baffles, 
and  wooden  gates  which  tend  to  hold  back  the  dirt  and  aid  in  settling  it. 
Each  division  of  the  basin  is  161  ft.  long  and  26  ft,  wide,  the  water  flowing 
over  a  weir  at  the  end.  The  capacity  is  500  tons  of  wet  dirt.  Each  side 
of  the  settling  basin  holds  197,920  gal.  of  water  when  clear  of  dirt.  The 
dirty  water  was  allowed  to  flow  through  for  a  day;  then,  from  a  platform 
erected  over  the  first  compartment,  samples  were  taken  at  varioi^  depths. 
A  brass  tube,  fitted  with  a  rubber  stopper  and  a  rod,  was  used  to  obt»n 
the  samples.  The  closed  tube  was  lowered  to  the  desired  depth,  the  bot- 
tom opened  and  the  water  allowed  to  flow  in.  The  stopper  was  then 
drawn  into  place  and  the  sample  put  in  a  jar  for  weighing  and  measuring. 
The  results  are  shown  in  Table  III. 

Time  Settling  Tests  With  Flue  Dust  and  Sludge  from  Gas-Cleaning 
Plant. — The  sludge  in  th^  settling  basin  is  of  the  consistency  of  a  thick 
jelly  and  filters  with  almost  the  same  rapidity.  In  this  condition  it  is 
extremely  difficult  to  handle.  We  allow  the  basin  to  drain  as  much  as 
possible,  then  remove  the  sludge  with  a  grab  bucket,  and  load  into  cars. 
These  cars  must  be  calked  water  tight  to  hold  the  material.  If  the 
material  would  drain  easily  most  of  the  trouble  would  be  obviated,  and 
tests  were  made  to  locate  the  difficulty.  A  flume  was  first  constructed 
to  carry  the  water  from  one  scrubber  and  with  sufficient  fall  to  create  a 
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Table  III, — AmauiU  of  Dust  at  Various  Levels  and  for  Different  Periods 
of  Settling 
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320    "                   4.32 
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4:23 

203    '■                   4,80 

4:11 
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6,S4 

4:26 
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4:14 

160   •• 

3,68 

4:29 

168    "                   3,32 

fairly  rapid  flow.  CoDBtrictions  were  built  in  the  Sume  so  as  to  speed 
up  at  different  poititB  to  carry  the  lighter  material  forward.  By  this 
scheme  we  succeeded  in  making  a  rough  separation,  and  obtained  a  fine 
but  granular  product  from  which  the  water  drained  easily.  The  trough 
was  widened  out  somewhat  at  the  end  and  the  speed  of  Sow  decreased. 
This  gave  us  the  same  product  we  had  to  deal  with  in  the  basins,  as  a  lot 
of  fine  material  was  deposited.  In  order  to  determine  a  settling  standard 
for  comparison,  we  took  some  Group-3  ore,  a  standard  Mesabi,  and  wet 
sieved  it  through  the  various  60-80-100-150-200-300  meah  screens. 
The  300-meeh  Bcreen  was  the  finest  we  could  get.  These  different  screen- 
ings were  put  into  similar  bottles  filled  with  water  and  shaken  up.  Fol- 
lowing is  the  time  of  settling  of  the  different  sizings,  fixed  by  numerous 
observations: 

Screen  Time  of  Settling,  Seconds 

60 li 

80 3 

100 4 

160 7i 

200 14 
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The  material  which  passed  through  300-mesh  required  several  bouis 
to  settle  clear.  This  was  also  devided  by  time  intervals;  that  is,  the 
material  was  shaken  aod  allowed  to  settle  for  2  miu.,  and  the  water  and 
suspended  material  poured  off.  This  was  repeated  until  a  standard, 
clearing  itself  in  2  min.,  was  prepared.  Thus  different  time  separations 
were  made.  Of  course  we  could  not  determine  the  fineness  of  this 
material,  but  could  only  recognize  it  as  that  which  settled  in  a  certain 
interval  of  time.  The  sludge  obeyed  the  same  rules  and  that  which 
came  down  in  less  than  5  min.  filtered  with  comparative  ease.  A  scum 
of  extremely  fine,  l^ht  material,  principally  coke  dust,  extremely  gela- 
tinous, forms  on  top  of  the  basins  and  afterward  sinks.  A  small  quantity 
of  this  material,  if  mixed  with  the  coarse  dirt  which  previously  filtered 
freely,  at  once  prevents  all  filtration.  It  is  reasonable  to  suppose  that 
a  lot  of  the  dirt  could  be  easily  bandied  if  this  slime  was  eliminated.  We 
are  at  present  experimenting  with  various  means  to  make  this  separation 
and  expect  to  do  away  with  many  of  the  difficulties  in  handling  this 
material  and  also  recover  a  good  product  for  sintering  or  chai^ng  back. 
An  analysis  of  the  material  floatii^  on  the  top  is  exhibited: 

Dry        Wet 

Silica 22.64 

Iron 24.40 

MangEinese 0. 61 

Phoaphorufl 0.068 

Moisture 57.00 

Alumina 7.43 

Lime 1.52 

Magnesia 0. 2S 

Ignition  loss 40.84 

Quantity  of  Dust  Carried  by  Furnace  Gas. — An  attempt  was  made  to 
fu-rive  at  a  correct  figure  for  dirt  in  the  gas  entering  the  scrubbers,  and  it 
was  decided  that  500-c.c.  samples  of  water  should  be  taken  at  intervals 
from  the  overflow  water  of  the  scrubber  and  collected  in  a  carboy.  The 
water  was  afterward  filtered.  In  this  manner  and  over  a  period  of  19 
days,  samples  were  taken,  consisting  of  2,000  lb.  of  water,  or  240  gal. 
From  our  weir  readings  on  the  settling-basin  overflow,  we  determined 
the  quantity  of  water  for  the  period,  and  by  means  of  recording  metas 
and  Pitot-tube  readings  we  determined  the  gas  volume  passing  through 
the  scrubbers,  per  gallon  of  water,  and  therefore  determined  the  actual 
dirt  represented  in  6,240  cu.  ft.  of  gas,  which  was  2.6  grains  per  cubic 
foot.  The  sampling  was  done  under  normal  operating  conditions.  The 
results  shown  in  the  following  table  are  as  nearly  accurate  as  it  is  possible 
to  reach  under  the  conditions  at  this  plant. 
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CompiUaiion  of  Ihist  Carried  by  Fiimace  Gas  for  Month  of  June,  1913 

Qm  cleaned,  cu.  ft 3,853,044,000 

Water  ooosumed,  gal 152,762,000 

Average  dust  content  of  scrubber  water  per  U.  S.  gal.,  grains 60.34S 

3,853,044,000, 
Gas  cleaned  per  hour,  -        „ cu.  ft 5,351,45 

152,762,000, 
Water  consumed  per  hour,  —  -    ■     ■  gal 212,169 

^     .      ^  _  J  ,.  212,169X60.345,  „ 

Grama  dust  removed  per  cu.  ft.  gas,  -    ■,„.■,„      -  grains 2.393 

5,351,450 

Average  dust  content  of  primary  gas  per  cu.  ft.,  grains 0.20 

Grains  dust  per  cu.  ft.  raw  gas  (2.392  plus  0.20) 2,592 

Note. — Gas  consumed  at  standard  conditions  of  62°  and  30  in.  Hg. 

Blast-furnace  gas  at  tbe  scrubbers,  from  the  foregoing  determinations, 
contains  2.592,  say  2.6  grains  of  dust  per  cubic  foot.  This  dust  consists 
of  ore,  coke  dust,  and  limestone  dust,  beside  organic  acids  and  compounds 
which  seem  to  condense  and  are  composed  principally  of  silica  and 
alumina.  The  gas  may  be  of  a  dense  white  nature,  or  of  a  reddish  hue, 
due  to  the  predominance  of  fume  in  the  former  case,  and  ore  dust  in  the 
latter  case.  The  former  is  the  harder  to  remove,  and  almost  invariably 
if  the  dirt  on  the  filter  capsule  in  tbe  testing  apparatus  is  light  in  color, 
the  gas  is  dirtier  than  if  red.  Gas  after  final  cleaning  still  retains  some  of 
the  whitish  fume.  This  material  is  deposited  in  the  bottom  of  tbe  stoves, 
in  the  stacks,  and  on  the  boiler  settings.  In  places  where  the  gas  has  only 
been  rough  cleaned  the  color  is  a  pinkish  white,  without  grit  and  with 
a  feeling  similt^  to  talcum  powder.  Tbe  stacks  at  all  times  show  this 
white  fume,  and  a  determination  was  made  to  see  how  much  of  the  dust 
left  in  the  gas  at  the  scrubbers  passed  through  the  entire  system  without 
depositing.  Below  is  that  determination  and  an  analysis  of  the  material 
that  was  deposited  in  tbe  stoves  and  boilers.  It  is  seen  that  27.5  per  cent. 
of  the  dirt  shown  in  the  scrubber  analysis  passes  through  the  entire 
system. 

Wet  Sieve  Teat  on  Deposit  Found  in  No.  2  Stove,  No.  6  Furnace 

Remaining  On  Weight,  Grams  Percenter 

10  1.10  1.77 

20  0.54  0.87 

40  0.54  0.87 

60  0.29  0.46 

80  0.51  0.82 

100  0.62  1.00 

160  0.80  1.29 

200  0.76  1.24 

Through    200  56.86  91.69 

Total,    62,00 
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Nature  and  QuaTitUy  of  Dual  Passing  through  System  and  Exhaiisied 
to  Atmosphere. — Material  that  passed  through  the  washing  plant  with  the 
gas  and  foilnd  in  the  flue  gas  of  No.  15  boiler,  No.  3  boiler  house  extension 
—clean  gas: 


Silica 22.80 

Iron (-Fe,Oi  8.87  per  cent.)     B.OO 

M&DganeBe (-MDtO(2.09  per  cent.)     l.SO 

Alumina 16.73 

Lime r..  21.42 

Magnesia 2.50 

Potaseiiun  oxide 20.90 

Ignition  loss 6.08 


Deposit  Found  on  the  Vanes  of  the  Theisen  Washers 

Silica 23.84 

Iron (  =  Fe^,9.43  per  cent.)    6.50 

Manganese {  =  Mnj04  3.52  per  cent.)    2.58 

Alumina 12.66 

Lime 16.62 


Potassium  oxide 6.96 

Ignition  loss 23.90 

The  dust  in  the  gas  at  the  top  of  No.  3  fan  separator  was  0.0dl71 
gTfuns  per  cubic  foot;  the  dust  in  exit  gases  and  boiler  (referred  to  fuel 
gas),  0.0252  grains  per  cubic  foot.  The  amount  passing  through  the 
system  equaled  27.50  per  cent.  This  test  was  taken  when  the  gas  volume 
was  low,  which  accounts  for  the  low  dust  content. 

The  material  passing  throi^h  the  final  cleaners  and  deposited  on  the 
piston  heads  and  at  the  several  outlet .  ports  of  the  engine,  analyzed 
as  follows: 

Per  cent. 

SiO, 18.40 

Mn,0, 2.40 

AliOj 16.55 

CaO 12.20 

MgO 1.68 

Pe,0, 4.71 

AlkaUes 42.89 

Ignition  lose 2.17 

Dbscbiption  of  Plant 

The  system  of  cleaning  gas  at  the  Duquesne  blast  furnaces  consists 
at  present  of  scrubbers,  fans,  and  Theisens.    This  installation  was  first 
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designed  for  the  purpose  of  cleaniog  gas  for  six  3,600-h.p.  gas  engines, 
four  sets  of  stoves,  and  1,500  boiler  horse  power.  At  the  time  of  its 
installation  it  was  the  lai^est  in  the  country  and  very  httle  reliable  data 


si 

^1 


could  then  be  collected  on  the  subject.  Nine  towers,  four  fans,  and  four 
Theisens  were  erected.  After  operating  a  while,  numerous  changes 
became  necessary.  We  found  that  four  scrubbers,  two  fans,  and  two 
Theisens  were  sufficient  for  the  demands.     The  plant  is  shown  in  the 
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illustratious  as  at  present.    Fig.  1  is  a  general  plan  and  Fig.  2  a.  view  of 
the  plant.    Fig.  3  shows  the  course  of  the  gas  through  the  cleaning 


SfTubbers 

We  first  started  with  scrubbers  having  a  rotating  nozzle  on  the  top, 
the  water  to  form  a  rain  and  thus  come  in  contact  with  the  gas  and  clean, 
as  well  as  cool  it  in  this  manner.  The  gas  channeled  under  these  condi- 
tions, the  pressure  over  the  scrubber  area  being  constant;  but  the  ascend- 
ing gaa  column,  due  to  velocity  head,  deflected  the  water.  This  was 
shown  clearly  by  repeated  tests,  using  a  pipe  with  a  funnel  on  one  end 
and  a  standard  pail  outside,  the  time  of  the  filling  of  the  bucket  being 
taken.  After  the  bucket  was  full,  the  pipe  was  withdrawn  4  in.  and  the 
filling  timed  once  more.  In  this  way  we  tested  across  the  scrubber. 
Distinct  dry  areas  were  found,  irrespective  of  all  possible  regulations  of 
water  and  defiectii^  gas  schemes.  It  was  then  decided  to  reverse  the 
scheme  of  having  gas  the  dominating  element  and  put  the  water  in  in 
such  manner  as  to  change  the  direction  of  the  gas  in  its  upward  course 
and  at  the  same  time  spray  it  repeatedly.  This  was  done  by  injectii^ 
the  water  throi^h  a  valve  having  a  number  of  openings  and  a  core  moving 
therein.  This  core  successively  blocks  off  the  openings  to  the  different 
nozzles,  and  thereby  temporarily  stops  the  flow  of  water,  causing  an  area 
of  low  pressure  directly  above  the  nozzle.  When  the  core  has  passed, 
the  water  resumes  and  sprays  through  the  gas  which  has  Bowed  to  this 
point,  driving  it  to  the  next  nozzle,  where  the  same  process  is  continued. 
The  core  is  revolved  electrically,  a  5-h.p.  motor  being  ample  for  four 
valves — i.e. ,  two  scrubbers,  or  60,000  ft,  of  gas.  The  gas  rises  through  the 
scrubber  at  the  rate  of  4  ft.  per  second  and  the  water  at  60  ft.  per  second 
with  a  head  of  35  lb.  main  pressure.  A  second  valve  is  placed  in  the  scrub- 
ber just  above  the  range  of  the  lower  one  and  operates  in  the  same  manner. 
Screens  are  placed  above  the  nozzles  to  break  up  the  water  into  fine  drops 
so  as  to  bring  the  gas  and  water  into  intimate  contact.  It  is  evident 
that  the  gas  will  be  repeatedly  sprayed  as  it  travels  in  an  upward  spiral 
course  until  it  has  passed  the  range  of  the  water.  Fifteen  revolutions 
per  minute  is  found  to  be  about  the  right  speed  for  the  core.  Fig.  4 
is  a  section  through  the  scrubbers. 

The  gas  is  cooled  down  very  effectually,  numerous  readings  showii^ 
only  5°  to  6°  above  the  temperature  of  the  ingoing  water.  An  average 
moisture  test  shows  0.5  grain  above  the  saturation  point  at  the  tempera- 
ture of  the  outgoing  gas.  These  tests  were  taken  on  the  outlet  pipe,  of 
the  scrubbers  and  were  made  with  the  Brady  apparatus  and  also  with  the 
Brown  apparatus.  The  difference  in  temperature  between  the  gas  and 
water  can  be  increased  or  decreased,  depending  on  the  quantity  of  gas 
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passing  through  the  scrubbers.  We  have  found  that  between  25,000  and 
30,000  cu.  ft,  can  be  passed  through  our  12-ft.  scrubbers,  and  although  the 
average  difference  in  temperature  is  higher  than  that  above  mentioned, 
tor  the  year  1912,  yet  it  is  the  most  convenient  working  point  from  a 
financial  standpoint,  if  not  so  efficient  thermally.    In  other  worda,  the 
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moisture  content  of  the  gae  increases  very  rapidly  above  90°  F.  and  we 
aim  to  keep  under  this  as  much  as  possible.  The  moisture,  if  not  con- 
trolled within  limits,  will  lower  the  stove  efficiency  to  such  an  extent  as 
to  make  cleaning  prohibitive. 
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The  water  is  taken  from  the  service  maine  and  iB  charged  at  the  regular 
water  rate.  This  condition  is  different  in  plants  where  waste  water  is 
used.  The  Duquesne  plant  construction  is  such  as  to  deliver  our  bosh 
coolit^  water  to  mill  condensers  and  water-purification  plants.  About 
815  gal,  of  water  are  used  per  minute  per  scrubber.  AU  water  flows 
over  a  weir,  so  that  the  quantities  are  accurately  determined,  readin(C9 


Fio.  5. — Sb(7T10N  THRO0GH  Fans,  and  Method  or  Pabbino  Gas  TBBouaH  Seals 
AMD  Separators. 

being  taken  four  times  a  day.  The  electric  power  is  metered,  and  the 
quantity  of  gas  to  the  engines  is  determined  by  Venturi  recording  instru- 
ments. The  stove  gas  is  determined  by  Pitot-tube  readings,  hydro 
determinator,  and  Ellison  gai^e,  all  results  checking  closely. 

The  water  used  in  gas  valves  and  seals  is  that  which  is  used  to  keep  the 
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gaa  from  entering  the  scrubbers  not  in  use  and  a  Bmall  stream  flows  con- 
tiouously  to  preserve  these  seals.  All  water  flows  to  the  settling  basins 
and  is  therefore  recorded  in  the  weir  readings. 


Fana 

The  fans,  Fig-  5,  are  of  Sturtevant  type,  electrically  driven  by 
direct-current  and  alternating-current  motors,  and  each  has  a  capacity 
of  84,000  cu.  ft,  of  gas  per  minute.  A  water  seal,  Fig.  6,  is  placed  on 
either  side  to  provide  means  for  repairing.     The  seal  after  the  fan  is  also 
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a  Bpiral  separator  for  water  which  may  be  picked  up  in  the  faa.     A 
calked  main  serves  to  connect  the  scrubbers  with  the  fans  and  is  10  ft. 


Fia.  7, — Section  THRonaH  Theisens,  Seals,  j 


6  in.  in  diameter.     After  leavii^  the  fans  the  gas  is  carried  into  an 
8-ft.  main,  or  primary  gas  main,  and  distributed. 


The  Theisens,  Fig.  7,  are  four  in  number,  three  driven  by  induced  and 
le  by  direct-current  motors.    The  motors  are  each  150  h.p.  and  drive 
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the  rotor  375  rev.  per  minute.    Each  Theieen  has  a  capacity  of  15,000 
cu.  ft.  of  gas  per  minute.  -  There  are  seals  and  aeparators  on  the  Theisens  - 
the  aame  as  on  the  fans. 


SMing  Basins 

The  settling  basins  are  161  ft.  in  length,  26  ft.  wide,  and  11  ft.  6  in. 
total  depth.  The  settling  depth  is  6  ft.  There  are  two  sections  and 
these  are  used  alternately.  The  sewer  from  the  scrubbers  into  which  the 
dirt  and  water  is  collected  is  so  situated  as  to  malce  possible  the  diversion 
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of  the  water  to  either  compartment.  When  the  basins  are  filled  with 
dirt  the  water  is  drained  and  the  material  loaded  into  cars  by  a  grab 
bucket.  Partitions  are  raised  in  the  basins  to  aid  in  the  retardation  of 
the  dirt. 

Operation  of  Plant 

The  gas  from  sbc  blast  furnaces  is  allowed  to  go  into  a  general  dirty-gas 
main,  8  ft.  6  in.  in  diameter,  shown  in  Fig.  8,  and  from  here  is  distributed 


Fig.  11. 


to  various  destinations,  as  follows;  No,  1,  2,  3,  and  4  boiler  houses, 
No.  1  and  2  sets  of  stoves,  and  gas-cleaning  plant.  A  pressure  of  12  in. 
of  water  is  maintained  in  this  main.  The  gas  to  the  gas-cleaning  plant 
goes  through  water  valves  to  scrubbers,  in  parallel,  going  only  through 
one  and  thence  to  the  10  ft.  6  in.  collectng  main,  from  which  it  goes 
through  the  fans  to  the  primary  or  scrubbed-gas  main  and  is  distributed 
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to  No.  3  boiler  house  extenaion,  stoves  on  No.  3,  4,  5,  and  6  furnaces,  and 
to  the  Theisens. 

The  pressure  in  the  receiving  main  is  10^  in.  and  in  the  primary 
main  8  in.  The  Theisens  boost  the  pressure  to  12  in.  and  deliver  to  the 
engines.  These  pressures  relate  to  operating  without  fans,  the  gas  beii^ 
propelled  by  the  pressure  of  the  furnace.     We  operated  for  a  period  of  a 


lao 


year  and  a  half  this  way,  but  are  using  fans  now,  due  to  a  desire  to  lower 
the  top  pressure,  saving  gas  losses,  and  lessening  the  danger  in  operation 
during  tuydre  changing,  etc.,  when  a  high  gas-main  pressure  causes 
trouble.  We  desire  a  pressure  of  5  to  6  in.  at  the  stove  burners,  for  the 
reason  that  our  distributing  mains  are  too  small  and  we  have  poor  stove 
draft.  The  friction  through  the  various  fan  seals,  and  through  the  fans 
also,  made  it  necessary  to  back  up  the  gas.  In  a  new  installation  many 
of  these  difficulties  would  be  obviated.    Formerly  we  removed  ao  dirt 
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in  the  fans,  but  we  have  bo  altered  them  lately  as  to  reduce  the  dirt 
content  from  0.2  to  0.05  and  0.06  grain  per  cubic  foot. 

The  Theisens,  as  ahown  in  the  gas  teat  for  1912,  lower  the  dirt  content 
to  0.009  grain  per  cubic  foot. 

Data  of  our  operating  conditions  for  1912  are  shown  in  Tables  IV  to 
VII  and  Figs.  9  to  12. 

Table  IV.— Gas  Cleaned  and  Water  Consumed,  Primary  Plant,  Year  1912 


I 


Wbmi  Coonuned 


Moath    I  Gu  Clu 


.180,005,000    1ZS, 

,765,000    123, 

.D44.4»0.t 


7,eiB,0( 


123, 


3,906.599, 
3,747,400. 
3,738,870,000 
3,790,783,000 
3,885,906,000 
4,488.127.000    155, 
3,022.370.000,  140, 
4.141.773.000:  151, 


141,858,000 
139,520,000 

141,533,000 
138,282,000 
ISS.339,000 
138,901.000 
140,482,000 
141.152,000 
150,451,000 
180,017,000 
182.821,000 
180,481,000 


The  water  shown  aa  used  in  water-gaa  ralvea  is  onlj'  used  aa  a  seal  and  does  n 
traahioi!,  so  that  the  figure  Cor  scrubbers  is  the  proper  one  to  consider. 
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Table  VII. — Difference  in  Temperature  Between  Cooling  Water  and  Off- 
Coming  Gas-Scrubbers,  Year  1912 


Month 

Day  Turn 

Night  Turn 

AH  Scrubbers. 

Cut-ofEType. 

All  Scrubbers. 

Cut-off  Type. 

Jan.. 

20.0 
18.7 
24.5 
17.6 
16.8 
18.7 
16.2 
13.4 
16.8 
13.4 
17.7 
12.8 

17.3 

16.3 
15,2 

15.6 
14.1 
8.1 
13.0 
16.6 
12.6 

13.8 

20.3 
18.2 
20.5 
16.6 
15.2 
17.6 
16.3 
14.5 
14.3 
9.3 
17.3 
14.5 

17.0 

Apr 

14.8 

May 

June 

July 

13.0 
14.4 

8ept 

6.8 

Nov 

15.7 

Average 

12.6 

During  part  of  the  year  1912  we  used  some  of  our  original  scrubbers 
and  part  of  our  remodeled  water  cut-off  type.  The  difference  in  tem- 
perature is  notable.  The  cut-off  type  is  included  in  the  first  column, 
"All  Scrubbers,"  and  tends  to  lower  the  average  temperature,  while  the 
second  column  shows  the  temperature  using  the  cut-off  type  alone. 


Daily  Observations 

A  daily  log  sheet  of  all  important  temperatures,  pressures,  and  general 
performance  of  the  plant  is  maintained.  The  daily  observations  may  be 
summarized  as  follows : 

Temperatures  of  the  gas  in  mains  throughout  the  plant. 

Temperature  of  the  atmosphere.     (Recording.) 

Temperature  of  cooling  water. 

Temperature  of  the  waste  water  from  scrubbers,  fans,  and  Theisens. 

Weir  readings  on  settling-basin  and  fan-house  discharges. 

Pressures  of  gas  in  mains.     (Recording.) 

Psychrometric  readings.  (Atmosphere,  sling-sychrometer.) 
In  addition  to  the  above,  notation  is  made  on  the  log  sheet  as  to  general 
operating  conditions,  such  as  the  number  of  scrubbers,  fans,  and  Theisens 
in  operation ;  number  of  stoves  and  boilers  on  clean  gas;  and  number  of  gas 
power  and  blowing  engines  operating.  At  the  end  of  each  month,  the 
data  are  compiled  and  averages  struck.  Reports  are  submitted  to  the 
various  department  heads  interested. 
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Sampling  Gaa  for  Analysis 
An  average  sample  of  the  gas  delivered  to  the  gas  engines  ia  drawn 
over  a  period  of  7  hr.  each  day.     This  is  transmitted  to  the  laboratory  for 
analysis,  which  is  reported  back  along  with  the  calculated  heat  value  in 


Fig.  13. — AppARATnB  por  Taking  Gab  Sauples. 

terms  of  net  B,t.u.  per  cubic  foot  at  62"  F.  and  30  in.  Hg.  The  apparatus 
used  in  drawing  such  sample,  which  we  have  found  very  convenient  and 
entirely  satisfactory  for  the  purpose,  is  shown  in  Fig.  13. 

Conduding  and  Reporting  Testa 
In  conducting  and  reporting  the  various  teats,  we  have  endeavored 
to  follow  a  standard  method  of  procedure  and  form.    A  complete  scrubber 
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CARNEGIE  STEEL  C0MPANY-DUQUE3NE  WORKS 

REPORT  OF  TEST»AT  QAS  CLEANINQ  PLANT 

o.    in  lo/t        ,19 

EST         'mat  dattialnatloa  on  oluo  ga*  <lallnr«i)  to  th*  (u  «c1iim. 


MOISTURE  AND  OUST  OETERMIMTION— DATA 

fim  1iii|il»1 11  ^1  niatMB  SapaniteF, 

Cubic  F«IG-liM«d  '1^^^ 

T1,0 

-.ES  He. 
10.0 
E9.40 

.1191 


wMinMy} 

«"F 

iplad  (GminniH) 


ytOHJl.  to  tits  ?M. 


-  >  .DOJll 

-  -       .0095* 


Volume  of  gas— oat* 


Pitom  oF  G«  rn  tltiii  (Ut.  Wit*] 
W«G«MrMin.il 


Tub.,  (ifYlWM.,)        - 

1.0  v      .9*8 


HhI  ViIm.  CilMluMit.  B.T.D, 
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test  consisting  of  71  items  is  sliown  in  Table  VIII.  This  maimer  of 
reporting  such  teste  and  the  data  shown,  seem  to  cover  pretty  thorougtily 
the  performance  of  the  unit,  including  those  items  of  observation  which 
are  of  paramoimt  importance,  and  we  have  found  it  moat  valuable. 

I  believe  some  such  method  should  be  pursued  in  making  all  washer 
tests  at  the  various  plants  and  would  suggest  a  form  similar  to  the  one  here 
shown.  It  would  be  of  considerable  advant^e  to  have  all  tests  reported 
in  such  a  manner  that  they  become  comparative,  which,  of  course,  was 
our  primal  object  in  this  case. 

There  ia  shown,  also,  a  standard  form  for  reporting  dust  and  moisture 
determinations  on  engine  gas.  We  find  that  this  supplies  just  the  data, 
as  to  performance,  that  we  desire. 

Table  VIII,— Stontiord  Form  for  Gaa-Waaher  Test.    Camegie  Steel  Co., 
Duqveane  Fumaeea.    Gas-Cleaning  Plant. 


Item 

DESCRIPTION 

%-:if 

7/19/1913 

Ure.  Min. 

F. 

',: 

F. 

Ins.  Water 
Ins.  Water 

Gallons 
Cu.  Ft. 

Grains 

Grains 
Grains 
Grains 
Gr»in* 

Chi.  Ft. 
Cu.  Ft. 

F, 
F. 

E; 

B.T.U, 
B,T,U, 

B.T-U, 

11 

Volom*  ot  sas  psssinc  throosh  washsr  per  oiinuts  at  SZ°  F. 

Wei«ht  ot''dustper  eubic  loot  ot  dry  ga.  at  82°  F.  and  30  in. 

^i.;'S1S^;;?i1i«o  toot  ot  dry  gas  at  82°  F,  and  30  in. 
Hi.,  laaving  •asher. 

Houture  per  cable  toot  dry  gas  at  62°  F.  and  30  in.  Hg.,  Isav- 
iu  waihar. 

22.800.0 

0.2267 
38.4042 
11.7004 
10.2SSZ 
11.4164 

20.00 
38.4 

20 

21 
32 
23 

IS 

Moisture  per  eubio  toot  ot  gas,  ■aturatad  at  observed  eondi- 
^    Uona,  ljj.^n«  wasber. 

,    VdnmeofKUUissUiatbrou^waaherpersq,  ft.  ofarea,  at 
Ditferea'oe  in  temperature  between  water  enteriDg  and  leaving 

27 
28 

» 

32 

Heat  in  dry  ga>  entarini  washer  par  minute  (Above  32°  F.l . . . 

Heat  in  dust  entering  washer  per  minute   (Above  32°  F.) . . . . 

Heat  In  water  vapor  leaving  washer  per  minute  (Total  above 
Hut  lit  doM  leaviM  washsr  psr  minuts  (Above  32°  F.) 

104.418 

S7» 

4ll887 
Nil. 

36 
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Tablb  VIII— Standard  Form  for  Gaa-Waaher  Teat.    Carnegie  Steel  Co., 
Duquesne  Furnaces.    Gas-Cleaning  Plant.    {Coniinved.) 


lUm 

DESCttlPTION 

'■nSSS- 

36 

ESi^^"- 

B.T.U. 

is. 

Poundi 

280.600 

Got  Afuliini.lOrandi.  tc. 

43 

n 

WeiBtt  par  ouWo  foot  dry  g»  Bt  82°  F.  *»d  30  ia.  Hg 

0.07661 

48 

CklariSi^lus  of  (u  p«r  cubis  looC  cross,  st  62°  F.  slid  30  iu. 

C»£riflo'«lus  of  IBS  per  outiio  toot.  n«t.  at  62*  P.  sod  30  in. 
He. 

B.T.U. 

»6,7 
M,7 

Cu.  Ft. 
Iu.  Wkter] 

Volum*  o/Om. 

■Sir 

Cu.  Ft. 

as 

Lb.pMKi.in. 

Moisture  and  Dust  Determinations 

Until  within  the  last  six  or  seven  monthB,  all  moisture  and  dust  deter- 
minations were  made  with  the  Brady  apparatus.  We  found  that  the 
results  on  dirty  gas  could  not  be  depended  upon  and  were  very  incon- 
sistent at  times,  and  therefore  adopted  the  method  of  dust  estimation  in 
dirty  gaa  mentioned  elsewhere  in  this  paper.  On  clean  gas,  however,  the 
results  obtained  by  the  use  of  the  Brady  apparatus  are  sufficiently  reliable 
for  all  practical  purposes.  We  are  using  the  apparatus  as  originally 
designed,  but  we  understand  that  it.has  since  been  considerably  improved' 
and  that  more  reliable  and  accurate  determinationa  are  possible.  Some 
few  months  ago  a  number  of  determinations  of  dust  and  moisture, 
Table  IX,  were  made  with  the  Brown  apparatus,  the  results  of  which 
indicated  accuracy  and  reliability.  On  enfpne  gas  we  seem  to  get  very 
good  results  with  the  Brady  apparatus,  encountering  very  little  difficulty 
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and  inconveaience  in  manipulation,  at  the  B&me  time  taking  every 
precaution  to  minimize  error. 

In  making  dust  and  moisture  determinations  it  has  been  our  um  to 
sample  the  gas  at  the  same  velocity  aa  the  gas  flowing  in  the  mains. 
With  our  present  Brady  apparatus,  we  find  this  a  little  tedious  on  dean 
gas  to  stoves  and  boilers,  requiring  constant  attention  and  adjustment 
on  the  part  of  the  observer.  However,  on  engine  gas  we  encounter  very 
Uttle  inconvenience  from  this  source  and  have  been  able  to  maintain  the 
proper  velocity  with  comparative  ease. 

The  first  dust  and  moisture  determiuations  were  made  using  volu- 
metric tanks  in  determining  gas  volumes,  which  we  found  to  be  very 
inconvenient  and  decidedly  limited.  These  we  have  replaced  by  wet 
test  meters  and  as  a  result  have  sampled  aa  much  as  500  cu.  ft.  during  a 
sii^e  test. 

We  have  not  made  regular  or  daily  determinations  of  dust  and 
moisture,  since  we  have  not  been  inconvenienced  by  excessive  dust 
depoffltioD,  either  in  our  clean  mainsor  the  engine  cylinders.  Tests 
indicate  a  veiy  uniform  dust  content  in  clean  gas,  with  the  moisture 


Table  IX 

—Risumi  of  Dust  Tests  Run  vnth  Broum  Apparatus 

DklsoCTart 

Cu-ft 

Ou 

Mctflnd 

Twnpt. 

GM>t 

Utter 

T«npt. 

OMUt 

MtlD 

Bm- 

metet 

Pna. 

OMin 

DuntioD 
orTMt 

^^  Dry  Ou      Whkh 
l>tS3'F.:     Suni^ 

_       _ 

■DdSO 

wu^TakSD 

•F. 

•  F. 

h>.H(. 

ln.W«ter 

"'"" 

GnuDi 

ln.H«. 

T/ie/18 

9.962 

70.  SO 

82.20 

29.40 

8.00 

30.0 

0,0998 

0.16B 

7/17/18 

22 

843 

W 

80 

9.00 

lOS 

0 

O.3440 

0 

389 

7/I8/I3 

8 

E90 

8«.tO 

20 

8.00 

30 

0,0910 

0 

183 

7/18/13 

637 

87 

00 

87.00 

20 

7.00 

38 

8 

0.1122 

7/1S/13 

9 

IBS 

80 

80.40 

39 

6.00 

0.0848 

0 

209 

Aft« 

7/19/13 

12 

923 

83 

70 

81.40 

20 

B.OO 

43 

0 

206 

SOTUbbtt 

7/ai/ia 

3 

80 

29 

30 

0 

0.0728 

0 

T/W/13 

S 

OSS 

88 

70 

81.40 

20 

40 

a.oo 

21 

0.0780 

389 

7/23/13 

86 

80 

81.00 

37 

6.00 

33 

8 

0.0903 

348 

T/Sl/13 

7 

30S 

93 

00 

8B.00 

30 

30 

6.00 

SB 

0 

0.0678 

0 

160 

Atbw" 

D 

224 

7/M/lS 

39.28 

6.00 

31.00 

0.0638 

7/24/ 13 

fl.778 

78.00 

97.40 

29.20 

7.00 

0.0980 

244 

Biiforg 

7/24/18 

IS. 8 

183 

F>D 

7/28/13 

2.180 

77.00 

83. CO 

20.37 

B.iSO 

11. 2S 

0.0308 

0 

234 

AT«ms< 



0 

224 

7/28/13 

6  114 

90.00 

86. 2S 

39.30 

10.00 

18,0        0.0240 

066 

7/29/18 

9.049 

87.10 

89.70 

30.39 

12.00 

0.0308 

0 

068 

7/29/13 

4.370 

93.00 

89.00 

20.38 

11,8 

087 

Fan  Sap- 

7/30/13 

10.9Se 

88,40 

89.10 

20.34 

'»"■ 

30.0 

0,043S       0 

067 

ATInca 



naQ^I 
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practically  corresponding  to  saturation  at  the  off-coming  gas  tempera- 
tures, and  at  no  time  have  we  encountered  mechanically  entrained  water 
ID  amounts  to  be  detrimental. 

Raw  vs.  Clean  Gas 
The  Use  of  Raw  Gas 

The  use  of  raw  gas  in  stoves  is  conducive  to  low  efficiencies.  This 
is  due  primarily  to  the  heavy  coating  of  dust  on  the  brickwork  fusing  in 
masses,  thus  preventing  the  absorption  of  heat,  destroying  the  brickwork, 
and  requiring  constant  attention  to  the  removal  of  this  material.  During 
the  periods  of  scraping  out  the  combustion  chamber  the  stoves  are  burn- 
ing gas  very  inefficiently,  and  at  such  times  as  the  stove  is  off  for  complete 
cleaning  the  furnace  is  deprived  of  one-fourth  of  its  blast-heating  capacity. 
The  intermittent  pressures  also  make  it  impossible  to  obtain  a  constant 
flue-gas  analysis  and  allow  either  excess  air  or  gas  in  the  stack. 

The  use  of  raw  gas  in  the  boilers  shows  a  similar  low  efficiency,  but 
not  so  marked.  It  is  customary  to  blow  off  the  tubes  every  24  hr.,  and 
while  the  blowing  is  goii^  on  much  excess  air  enters  the  combustion 
chamber.  From  the  time  the  tubes  are  cleaned  they  start  collecting 
dirt  again  and  the  steaming  power  suffers  accordingly.  Intermittent 
pressure  also  affecte  the  boiler  with  regard  to  flue-gas  analyses  similarly 
to  the  stoves. 

The  Use  of  Clean  Gaa 

By  the  use  of  clean  gas  in  the  stoves  we  completely  do  away  with 
cleaning  stoves,  have  a  constant  pressure  in  the  gas  supply,  and  use  an 
orifice  plate  over  the  air-inlet  door,  which  gives  us  an  extremely  constant 
and  economical  flue-gas.  The  saving  on  clean  gas  over  dirty  gas  on  stoves 
with  regard  to  iron  was  shown  in  detail  by  the  author'  in  a  discussion 
of  Mr.  Forbes's  paper  on  gas  cleaning,*  read  before  the  Institute  in 
October,  1913,  and  amounts  to  15.91  c.  per  ton  of  iron. 

The  use  of  clean  gas  in  the  boilers  gives  the  same  benefits  in  operation 

The  Use  of  Refined  Gaa 

The  thoroughly  cleaned  gas  is  used  only  for  engine  purposes.  A 
yearly  average  of  efficiencies  of  our  power  engines,  with  the  analysis  of 
the  gas  is  given  in  Tables  XI  and  XII.  The  endues  are  42  by  60  twin 
tandem  Snow  engines,  driving  a  2,000-kw.  generator  at  83§  rev.  The 
quantity  of  gas  is  approximately  5,000  cu.  ft.  per  minute,  each  engine 
of  this  size  taking  about  the  same  amount  as  a  stove. 

'BuHeiin  No.  84,  December,  1913,  p.  2S54. 
*BiiUetin  No.  82,  October,  1913,  p.  2477. 
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Table  X. — Extracts  from  Boiler  Testa 


wubed 
FurnmMOu 

Fuel— 

Wuhed 

FunBoeGu 

8;53 
129,1 

649  3 

376.3 
113.07 
104.3* 

M.U 

0,6897 

260 

313.83 

7.28 
11.32 

IB 

H™..Miii. 

#  sq.  Ft. 

8q.  In. 
Im.  W. 
"F, 
°F. 
B.t.u. 
B.t.u. 

Lb. 

Lb. 

Lb. 
Cu.  Ft 
B.H.P. 
B.H.P. 
Pnceot. 

P«  «Dt. 

Per  cent. 
Pot  «nt. 
Pec  cent. 

8  CUtiiifio™li«ofB.«p«reu.H.at32°F.»nd30in,Hf 

9  CUoiillov>liHaf|up«aa.ft.at3S°F.i«d30iii.Hr 

loe.se 
ee.44 

81.93 
3.2M 

572.3 

20    Hoot  loat  duo  twiialion  mnd  unicoooDtad  for 

fl.31 

(«D  N<>.gulDaUtedfroniiiii*Iy<ia:ItemNo.B>*p«c 

Notation. — The  above  testa  were  run  on  boilers  of  the  same  make,  type,  and  rating. 
It  will  be  observed  that  the  boilers  working  on  clean  gas  developed  but  very  little 
more  than  the  builder's  rating,  alttiougb  working  at  a  higher  efficiency  than  those  on 
unwashed  gas.  This  is  due  to  an  insufficient  gas  supply,  which  is  directly  traceable 
to  underaised  mains  and  connections,  the  mains  having  been  so  designed  ae  to  take 
care  of  only  1,500  boiler  horse  power  of  boilers  on  clean  gas.  In  this  case,  however, 
the  [^>eTation  of  approximately  3,750  boiler  horse  power  was  attempted,  resulting  in 
a  gas  shortage  for  each  of  the  respective  units. 

The  above  testa  were  also  run  under  normal  conditions  and  are  therefore  repre- 
sentative of  working  performance.  It  has  been  our  experience  recently  that  steam 
can  be  raised  very  quickly  on  washed  gas,  having  gotten  such  boilers  on  the  line  at  140 
to  ISO  lb.  gauge  from  feed  water  at  70°  F.,  in  30  to  46  min.  Due  to  very  uniform  gas 
pressuree,  as  mentioned  elsewhere,  the  boilers  on  washed  gas  steam  very  regularly. 


There  are  four  blowers  and  two  power  engines,  the  gas  cylinders 
being  the  same  in  both  cases.  Gas  containing  0.009  grain  of  dust  per 
cubic  foot  is  thus  shown  to  be  sufficiently  clean  for  operating  purposes. 
The  data  given  relate  to  electric  power  engines.  No.  1  gas  power  engine 
started  in  January,  1910,  operated  to  Dec.  1,  1913,  a  total  of  28,988  hr. 
No.  2  gas  power  engine  started  in  July,  1910,  operated  to  Dec.  1,  1913, 
a  total  of  27,095  hr.     Total  hours  operated  equaled  56,0S3. 
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Average  load  per  engine,  1657 . 5  kw. 

Average  cu.  ft.  dry  gaa  at  62°  F.  and  30  in.  Hg  oonflumed  per  kw-hr.,  175.32. 

Average  thermal  efficiency  at  switchboard,  19.12  per  cent. 

Average  thermal  efficiency  per  indicated  horse  power,  27.14  per  cent. 

AvNage  dust  in  Kaa=O.O0Q25  grain  per  cu.  ft.  of  dry  gas  at  62°  F.  and  30  in.  'E^. 

Average  dust  in  air  =  0.0016  grain  per  cu.  ft.  of  dry  air  at  62°  F.  and  30  in.  Hg. 

Engines  operate  on  constant  mixture  at  all  loads.  Mixture  is  appronmately  one 
volume  of  gas  to  one  volume  of  air. 

Duet  carried  into  cylindera  per  cu.  ft.  gas  consumed ■■0.00925+0.0016  — 0.01041 
gttun. 

Oad  consumed  per  engine  per  hour=175.32X1557.5=273,061  cu.  ft.  at  62°  F. 
and  30  in.  Hg. 

Gas  consumed  by  both  ei^inee  since  Btartmg''6(t083X273061 -15,314,080,063 
cu.  ft.  at  62°  F.  and  30  in.  Hg. . 

Duet  carried  into  cylinders  since  engines  were  started  =  16,314,080,063  X  0.01 041 
-159,419,573  grwnfl=22,7751b.  =  11.387  tons. 

Table  XI. — Performance  of  Gas  Potoer  Engines,  Year  1912 


Tot&l  Qme  apenUnc 

Tot&l  poini  output 

Av«ra(>  lotd 

Lo&d  f&ctor 

Total  su  louaumod 

Qu  connunediMr  kwht 

OiM  oonsumtd  per  i.b.p.bi 

Gu  eonmimed  perb.li.p-lu 

CaloriSo  vklue  of  (u,  ftveiBCC  for  year 

Hat  ooniomed  per  kv-ht 

H«at  conmmed  par  b.h.p-hr... 

Heat  oommned  per  l.h.p-hr 

Thermal  affloenor  at  (witcliboard 

ThensBl  efficdensr  >t  b.h.p 

Theroikl  affimenoy  at  l.h.p 

Oaa  ooniiuned  per  minute,  averase  for  year.. 
Oae  ooiMunied  per  hour,  averafe  for  year  . . . 

Time  operating 

Time  delay  due  to  en^^ne 

Time  delay  due  to  en^ne,  not  required 

Time  delay  due  to  otber  cauMI 


Co,  ft. . 
Cu.ft... 
Co.  ft... 
Co.  ft. . . 


8.818.90 

B,  512.36 

14,020,391 

1,«27 

86.a 

81. SG 

2.Wl.S72.m 

2,801,288.000 

iTG.n 

120.5: 

91. SI 

96.  M 

96.81 

95.80 

ie.S21 

II.IMI 

13,080 

8.77^ 

9.1B1 

ao.a 

22. U 

21. or 

2S.01 

6.076 

304.600 

M.« 

07.60 

1.62 

O.fll 

0.04 

l.SO 

°" 

»  and  oaloiific  value*  al 


t  62°  F.  and  30  in.  Hg. 


Within  a  few  hours  after  starting,  all  exposed  parts  inside  of  the  cylin- 
ders except  the  wearing  surface  become  coated  with  a  light  brown  deposit. 
It  has  been  our  experience  that  if  oil  can  be  kept  away  from  these  surfaces 
this  deposit  is  only  very  slightly  increased  by  further  operation  of  the 
engines.  In  the  combustion  chambers,  where  there  is  never  any  oil 
present,  the  deposit  is  so  even  that  we  have  operated  cylinders  for  nearly 
four  years  without  cleaning  these  surfaces,  and  consider  that  the  presence 
of  such  an  even  coatii^  is  an  advantage,  having  an  insulating  effect,  and 
protecting  the  metal  from  the  direct  action  of  the  hot  gases.    However, 
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where  an  excess  of  oil  is  present,  as  on  the  inside  of  cylind^  bead  direcUy 
below  the  piston  rod  (the  oil  being  carried  in  by  the  rod),  the  dirt  accumu- 
lates more  rapidly  and  often  very  unevenly.  If  an  engine  is  shut  down 
and  the  head  allowed  to  cool,  then  started  and  brought  up  to  working 
temperature  again,  the  contraction  and  expansion  of  the  head  breaks  the 
accumulated  oil  and  dirt  loose  in  the  form  of  scale  or  blisto^,  the  edges  of 
which  are  easily  heated  and  cause  premature  explo^ous.  Usually  this 
scale  will  partly  break  off,  due  to  these  premature  explosions,  and  trouble 
at  this  point  usually  ceases  until  the  next  time  the  engine  is  stopped  and 
started.  When  this  trouble  occurs  too  frequently,  the  engine  is  shut 
down,  the  cyhnder  examined  through  the  opening  for  ajr-starting  check 
valve,  and  the  deposit  scraped  off  if  possible.  If  too  hard  or  coosido^ 
too  extensive  an  accumulation  the  head  is  pulled  out  and  the  surfaces 
thoroughly  cleaned.  Following  this  procedure,  we  have  'some  cylinder 
heads  on  our  blowing  engines  that  have  not  been  out  for  over  18  months. 
Previous  to  August,  1913,  when  new  piston  rods  were  installed  in  the  two 
power  engines,  practically  every  cylinder  on  the  two  engines  had  been 
closed  up  for  more  than  a  year,  although  examined  ttirough  the  starting- 
valve  opening  at  shorter  intervals. 

We  have  an  advantage  over  engines  with  exhaust  valves  directly  in 
the  bottom  of  the  cylinder  in  that  the  oil  and  dirt  that  accumulate  here 
do  not  interfere  in  any  way  with  the  operation  of  the  valve,  but  can  be 
blown  out  through  the  drain  valve,  with  which  each  end  of  each  cylinder 
is  equipped.    These  valves  are  held  open  for  two  full  cycles  every  3  hr. 

Our  experience  indicates  that  with  our  type  of  engine  we  can  operate 
from  12  to  18  months  without  removing  heads  for  cleaning,  the  smaller 
particles  of  dirt  being  removed  at  lesser  intervals,  and  also  that  the  clean- 
ing is  necessary  principally  from  the  fact  that  oil  is  present.  The  por- 
tions free  from  oil  are  covered  so  evenly  that  the  presence  of  the  deposit 
is  an  advantage. 

Compansim  of  Systems 

For  the  purpose  of  comparing  general  systems  of  gas  cleaning,  it 
m^ht  be  interestii^  to  note,  first,  a  proposed  installation  of  Duquesne 
tower  washers  as  suggested  for  two  furnaces,  washing  only  for  stoves. 
This  installation  depends  on  the  simple  scrubbing  of  gas  without  fans 
and  will  only  reduce  the  top  pressure  about  2  in.  of  water,  delivering  gas 
to  stoves  at  0.5  grain  of  water  above  saturation  point  and  cleaned  to  0.2 
grain  of  dust  per  cu,  ft.  The  water  used  is  standpipe  water  at  its  cost, 
delivered  to  point  of  consumption  and  boosted  15  ft.  by  a  centrifugal 
pump.  Second,  an  installation  of  two  40-ft.  scrubbers  in  series,  taking 
advantage  of  the  bosh  water  head  if  the  plant  construction  justifies  the 
same,  or  with  just  sufficient  "boosting"  to  obtain  a  30-ft.  head.    These 
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installations  will  compare  in  cost  per  100,000  cu.  ft.  of  gas  washed  and 
per  ton  of  iron  as  follows: 

Cost  Cost 

per  100,000  cu.  ft.  per  Ton  Iron 

First  case 0.04941  0.02386 

Secondcase 0,00709  0.0034 

It  is  evident  that  where  sufficient  head  is  available  to  use  bosh  water 
direct,  two  of  these  towers  in  series  will  make  the  cheapest  installation 
possible,  both  as  to  first  cost  and  operation  cost,  as  the  cost  of  pumping 
water  is  the  major  expense.  The  coat  of  operation  between  the  towers 
and  mechanical  washers  depends  on  the  relation  of  water  cost  to  power 
cost  and  machinery  r^aii^. 

It  is  also  very  desirable  to  have  the  temperature  of  the  gas  as  low  as 
possible  to  remove  moisture,  and  this  means  either  a  series  of  machines 
or  a  counter  current  effect  such  as  is  obtained  in  a  tower  construction. 
It  is  also  evident  that  in  a  machine  where  the  water  is  in  continuous  eon- 
tact  with  the  gas,  the  gas  will  leave  at  the  temperature  of  the  outgoing 
water.  The  plant  shown  in  Fig.  14  will  be  sufficient  for  two  furnaces  and 
will  allow  ample  spare  capacity,  as  each  scrubber  will  be  capable  of  hand- 
ling 40,000  cu.  ft.  of  gas  pw  minute  when  pushed.  This  means  that  one 
scrubber  can  be  used  as  a  spare  if  so  desired.  An  estimate  of  the  cost  of 
construction  for  the  plant  shown  in  the  first  proposition  is  as  follows: 

Estimated  Cost  of  Ditquesne  Gob  Scrubber  for  a  Two-Furnace  Plant 

Excavating  and  foundations $1,200 

SerubbcTB,  incl.  water  valves  and  fluea,  main  gas  flues  not  included 13,450 

Brick  lining  for  flues,  m^n  gas  flues  not  included 600 

Supports  tor  water  valves 750 

I^pe  line,  4  in.  in  diameter 400 

Rotary  water  valves 2,760 

Water  strainers 500 

Centrifugal  pump  and  motor,  capacity  5,000,000  gal.  per  24  hr 1,550 

$21,100 
General  expense  and  contingencies,  S  per  cent. 1,055 

Total »22,I66 

Cost  of  Cleaning  Gas 

The  cost  of  cleaning  gas  for  the  year  1912  is  given  in  Tables  XIII 
to  XV,  and  may  be  useful  in  showing  an  actual  condition  and  what  can 
be  expected  from  an  equipment  working  under  the  local  conditions  as 
outlined. 
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Table  XIII. — Cost  of  Cleaning  Blaat-Fumace  Gas — Primary,   Year  1912 
General  Statement 


Primary  Qeaning—Economia  Perfonnance 

Cn.  1%.  (u  flUuied: 

Far  ■allon  of  in>t«r.  ■onibbsi* 

Par  (Bllonot  v*tar,  fans 

Per  en.  ft.  of  waMr,  Mmbbera 

Per  ni.  f t.  of  mtn,  tana 

Pot  aaUan  of  mWr>  prinuiy , 

Per  on.  ft.  dI  wmlar,  prinun' 

Parkirir.,  piim>n' 

Coat  tier  100,000  ■aa.  ft. 

pToduoiiig  labor. . 

Labor  Id  repaii*  ai 

Hataiiala  In  repain  and  m 

Elestrio  raureut 

Water 

Total  eoat  par  100.000  en.  ft.,  pAmny. , , 
Panentage  Of  total  coat: 

Pmdudnc  labor 

Labor  in  repain  and  maintenance. ,.,... 

Matfliiala  in  repadta  and  maintananoe — 

Water 

Coat  par  180,000  ou.  ft.  gai,  primarr 

Coat  par  1,000,000  B.t.u..  primary 

Coat  par  1,000,000  B.t.u.,  natural  bbb 

I  Com  per  1,000.000  B.t.n.,  coal 


Year*!  Averaca 

> 

Oaa  etoaned; 

2 

170  330  000 

3 

„ 

,_ 
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Table  XIV. — Cost  of  Cleaning  Blast-Pumace  Gas — Final  Cleaning,  Year 
1912.    General  Statement 


Gu  oJeBoMl.  cnciDea 

Water  moiumftd.  thdwna  ((Kllont} . , 
Elcetrie  eurrent  hhuuidhI: 

LightiDB.  kw-hr 

PowBT 


ToUl 

ProduoiDt  labor  ooM 

Labor  in  r«p*ln  and  Tnaintenanee. . 
MaUritl*  in  npaiia  and  maiDtanaac 
Cott  of  elactiio  cuTreot  aoDBum«d.. . 
Coat  of  water  couained 


Total  M 


138.  lee 
tlST.SO 

M.oe 
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I  Cu.  ft.  >aa  eleansd: 


I     Per  ou.  ft.  water  oonaumed... 
Per  kv-hi.  water  ooniumed. . 
j  CfMtper  100,000  cu.  ft.: 


Coat  per  1.000,000  B.t-u.: 

nnal  oleamnc 

Natural  (aa 

Coal 

'.  Coat  per  160,000  eu.  ft. 


ElMtrio 

cumot^ 

""•""" 

Total  eo«t  I>er  100,000  ou 
PeieenUBe  of  total   oost: 

ft. 

cepain  and  malnte 

Water. 

S3. 48 
400. 7T 
S,S29,10 

lo.oiees 

D. 00822 

0.01701 


10.01237 
0.04155 
0.01461 
0.17784 
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Table  XV.— Cosi  0/  Cleaning  BlaaP-Fwmace  Gaa,  1912.    General  Exhibit 


A            Co«t  par  ton  of  Iron— Ou  desiwd  mnd  iMivecMl  to  Mav» 

Avtngator 
Ydor 

B- 

Coit  per  ton  of  iron-H^u  dsBiied  Bad  deUvand  to  blowinc  sncinei 

Year-ii  Avar. 

Tot.l(Md«li«redtoMi|di««fdrnionth.  Bu.  ft. 

3.828.01 

c. 

Co.t  per  1.000  kwhp..  gu  clMn«d  Mid  d«Uvered  to  v*  power  «ng[aM 

Ywirt  Avor. 

4,319.31 

»788.638 

Cost  of  Fans  and  Scrufibers 

The  fan  operation  is  expensive,  due  to  the  high  power  conBumption. 
This  can  be  noted  in  the  yearly  cost  for  1912.  If  we  had  ample  mains 
and  good  draft,  as  can  be  obtfuned  in  a  simple  plant  for  only  scrubbing 
for  stoves  and  boilers,  a  fan  would  be  unnecessary  and  costs  would  be 
lessened  accordingly.  If  bosh  water  were  used  at  no  charge,  the  cost 
would  be  lowered  further.  The  cost  of  water  and  power  in  1912  was 
66  per  cent,  of  the  entire  cost,  and  with  a  simple  tower  plant,  without 
fans  and  using  bosh  water,  the  cost  would  be  reduced  in  that  proportion. 
The  operating  force  due  to  the  secondary  cleaning,  handling  of  motors, 
etc.,  gives  a  proportion  chargeable  to  primary  cleaning  which  would  be 
unnecessary  in  a  simple  primary  tower  plant  for  stoves  and  boilers,  as 
the  attention  so  required  is  very  small.  From  the  costs  shown  and  the 
deductions  which  may  be  drawn,  it  is  very  reasonable  to  expect  to  wash 
gas  by  efficient  towers  sufficiently  clean  for  stoves  and  boilers  for  1.5  c. 
per  ton  of  iron. 
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Cost  of  Tkeisena 

The  TbeieeD  cost  is  high,  due  also  to  power  and  service  water.  The 
power  cost  canDot  be  changed  very  much  with  this  type  of  machine. 
The  water  expense  would  be  cut  dowu  if  bosh  water  were  used.  The  re- 
pair cost  is  high,  as  ia  natural  to  expect  in  such  a  rapidly  revolvii^  piece 
of  apparatus. 

Conclusion 

There  are  numerous  ways  and  means  of  cleaning  gas,  as  presented 
ia  Mr.  Forbes'a  paper  before  the  Institute  in  October,  1913.  The  dry 
cleaning,  aa  at  present  operated,  is  cumbersome,  occupies  lai^  space,  is 
expensive  to  install  and  is  open  to  numerous  operating  difficulties.  In 
all  wet  systems  the  handling  of  the  fine  sludge  becomes  the  same  problem, 
whether  it  is  removed  by  mechanical  devices  or  by  towers,  and  from  the 
standpoint  of  an  operator,  the  simplest  device  is  generally  the  most 
inexpensive  and  requires  the  least  attention.  From  the  experience  de- 
rived from  our  installation  it  seems  that  a  simple  tower  with  proper 
means  of  preventing  channeling  is  the  easiest  solution  for  primary  gas, 
as  0.20  to  0.25  is  generally  conceded  to  be  sufficiently  clean  for  stove  and 
boiler  purposes. 

The  author  wishes  to  gratefully  acknowledge  the  ^d  of  S.  E.  Eld- 
ridge,  in  charge  of  gas  cleaning  at  the  Duquesne  Works,  under  whose 
direction  many  of  these  data  were  collected  and  tests  prepared.  Other 
data,  tests,  and  deductions,  aa  well  as  some  of  the  details  only  outlined 
here,  were  presented  to  the  Institute  by  the  author  in  a  discussion  of 
Mr.  Forbes's  paper  on  gas  cleaning  in  October,  1913,  and  might  be  in- 
teresting in  this  connection.  It  has  been  the  desire  in  the  present  paper 
to  present  actual  and  experimental  data,  as  well  as  general  and  interest- 
ing information  onthe  subject  of  blast-furnace  gas  cleaning.  Thedataare 
confined  to  one  plant,  but  as  that  plant  has  operated  for  five  years,  it  is 
representative  of  general  practice,  and  the  information  presented  may  be 
useful  as  an  aid  to  others  in  furthering  the  knowledge  on  this  present 
live  subject. 
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Is  It  Feasible  to  Blake  Common  Carriers  of  Natural  Gas  Transmis^on 
Lines? 

BI   SAUnSL  S.    WTZB,    COLUMBUB,    OHIO 
(Nnr  York  MeeUni,  Fabnury,  lflI4> 

Over  8,000,000  people  in  the  United  States  depend  on  natural  gas 
for  their  cooldng,  heating  and  lighting  service.  This  service  has  been  made 
posuble  only  by  the  investment  of  large  amounts  of  capital  in  transporta- 
tion lines  connecting  the  gas  wells  to  the  various  communities,  thus  com- 
bining a  hazardous  mining  operation  with  a  public  utility  service.  The 
effect  that  making  these  lines  "common  carriers  "  will  have  on  the  present 
and  future  service  to  these  8,000,000  or  more  people  is  of  far  reaching 
ethical  and  economic  importance,  and  deserves  careful  consideration. 
As  an  introduction,  it  must  be  conceded  that: 

1.  Natural  gas,  although  a  mineral  and  obtained  by  a  mining  operar- 
tion — with  more  uncontrollable  and  uncertain  features  to  cope  with  than 
exist  in  the  mining  of  coal  or  other  minerals — when  served  to  the  public 
becomes  a  public  utility  service. 

2.  The  governmental  power  to  regulate  alt  public  utilities  in 'the  in- 
terests of  the  public  cannot  be  successfully  disputed. 

3.  Mere  su^estion  of  inconvenience  to  the  utility  is  wholly  irrelevant, 
as  it  cannot  be  considered  or  flowed  to  influence  in  making  a  defense 
against  governmental  regulation.  Unfortunately  it  is  not  generally 
appreciated  that: 

1.  L^islative  enactments  are  not  necessarily  laws,  and  cannot 
abrogate  economic  laws  or  alter  engineering  facts. 

2.  There  is  a  clear  distinction  between  "common  carrier"  and 
"public  utihty,"  although  the  terms  are  frequently  confused.  "A  com- 
mon carrier  is  one  who  undertakes  for  hire  to  transport  persons  or  goods, 
or  both,  from  place  to  place  for  all  pa-sons  indifferently,  the  term  imply- 
ing indifference  as  to  whom  shall  be  served,  and  an  equal  readiness  to 
serve  all  who  apply,  in  the  order  of  their  application." 

On  the  other  hand,  property  becomes  a  "public  utility"  only  "when 
for  a  particular  purpose  the  public  have  a  right  to  resort  to  the  premises 
and  make  use  of  them." 

It  is,  therefore,  important  to  note  that  not  all  public  utilities  can 
be  r^arded  as  common  carriers.    The  U.  S.  Supreme  Court  has  already 
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made  this  distinction  in  the  case  of  tel^raph  lines,  noting  the  peculiar 
service  characteristics  that  prevail  there.    A  proper  analysis  of  natural 


gas  operating  conditions  will  show  that  a  dmilar  exception  ought  to  be 
made  in  the  case  of  natural  gas  service. 

3.  Natural  gas  companies  are  not  chartered  to  act  and  do  not  offer 
to  act  as  common  carriers. 

Digitizecy  Google 


,0,  Google 


806        COUOCON    CARRIERS  AND   NATTTRAL   QAB  TBANBICBSION   LINKS 

5.  The  consumer's  interest  and  rights  extend  clear  back  to  and 

depend  on  the  gas  wells  and  reserve  acreage  that  the  producing  company 

maintains  to  insure  an  adequate  present  and  continuous  future  service. 

6.  Large  interstate  natural  gas  business — which  cannot  be  burdened 

or  interfered  with  by  any  State — has  been  developed  as  shown  in  Fig.  1.* 

7.  The  relative  geographical  features  of  the  natural  gas  business  in 
the  United  States  are  startling,  as  shown  by  Fig.  2. 

8.  The  hazard  in  the  natural  gas  business  is  greater  than  that  in 
most  mining  operations  or  in  any  other  utility  service.  It  is  more  difficult 
to  determine  the  outline  and  volume  of  a  natural  gas  formation  than  it  is 
to  make  a  similar  determination  for  coal  or  other  minerals.  In  fact,  it 
is  impossible  from  surface  indications  to  determine  whether  gas  can  be 
found,  and  even  a  large  well  is  no  sure  indication  of  a  paying  field,  as  it 
frequently  happens  that  prolific  wells  are  surrounded  by  dry  holes 
or  unprofitable  territory,  and  the  wells  are  short  lived. 

9.  Gas  companies  discharging  their  legal  duty  to  their  domestic 
consumers  cannot  depend  upon  the  initiative  of  the  occasional  producer 
for  a  supply  of  gas,  but  must  depend  upon  their  own  initiative  in  order 
to  maintain  proper  field  operating  conditions  and  an  adequate  reserve 
acreage  for  future  development  to  injure  a  good  service  to  th^r  patrons. 
Experience  has  many  times  shown  that  satisfactory  continuous  service 
to  the  consumer  can  be  rendered  only  when  the  production,  transportalion, 
and  distributing  features  are  properly  co-ordinated.  To  subordinate  the 
transportation  side  of  the  business  to  either  the  producer's  or  the  large 
industrial  consumer's  interest  is  indefensible. 

10.  Even  though  natural  gas  is  a  mineral  it  requires  constant  attention 
from  the  time  it  is  reduced  to  possession  at  the  bottom  of  the  well,  and 
embodies  an  unbroken  chain  of  service  features  until  it  is  burned  at  the 
consumer's  fixtures. 

11.  Less  than  1  percent,  of  the  total  number  of  natural  gas  consumers 
of  the  United  States  are  industrial  users,  yet  these  users  take  over  65 
per  cent,  of  the  total  gas  used,  as  shown  in  Fig.  3. 

12.  The  1,621,557  domestic  consumers  in  the  United  States  have  at 
least  1150,000,000  invested  in  service  connections,  house  piping,  and  gas- 
using  appliances. 

13.  To  make  common  carriers  of  natural  gas  lines  will  destroy  the 
policy  of  conservation  and  greatly  increase  the  waste  of  natural  gas  in 
industrial  work,  thus  tending  to  soon  exhaust  the  available  supply  and 
leave  the  householders  with  large  investments  of  appliances  &nd  pipes 
which  will  be  useless,  owing  to  the  permanent  failure  of  the  gas. 

14.  Gas  may  be  produced  from  a  small  territory  and  a  few  wells  at  a 

'  Figs.  1,  2,  and  3  are  based  on  the  latest  U.  S.  Gtologjcal  Survey  and  U.  S.  Census 
Btatisticfl. 
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much  lower  coat  than  is  possible  where  the  producer  so  develops  his 

property  as  to  hold  a  large  acreage  in  reserve  in  order  that  a  continuous 

gas  supply  may  be  guaranteed  for  a  period  of  years. 

The  important  ethical  features  of  this  common  carrier  problem  are: 
1.  The  domestic  consumer's  interests  are  superior  to  the  industrial 

consumer's  interests.    This  is  because  it  is  an  easy  matter  to  install 


Fia.  3. — RxiiATiotf  OF  Douebtic  and  Industrial  Natural  Gab  CoNsuuEBa. 

industrial  appliances  for  burning  solid  fuel  satisfactorily,  but  practically 
impossible  to  do  this  for  the  domestic  consumer.  Natural  gas,  being 
superior  to  £uiy  man-made  product,  is  ideally  adapted  for  domestic  serv- 
ice, and  ought  to  be  conserved  for  this,  rather  than  used  in  ordinary 
industrial  operations. 

2.  Natural  gas  service  to  the  domestic  consumer  is  one  which  in  no 
sense  bears  any  relation  or  sustains  any  connection  to  the  duties  of  a 
common  carrier. 

3.  Natural  gas,  although  worth  50  per  cent,  more  on  a  heatii^-value 
bams  than  artificial  gas,  when  used  for  industrial  work  must  be  sold  at 
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an  absurdly  low  price  to  compete  with  producer  gas  for  industrial  service. 
For  instance,  it  may  be  shown  that  in  a  producer  gas  plant  gasifying 
3  tons  of  (12,000  B.t.u.)  coal  per  hour,  allowing  6  per  cent,  for  interest 
on  investment,  7  per  cent,  for  sinking  fund,  and  3  per  cent,  for  repairs, 
plus  operating  labor,  24-hour  operation,  300  days  per  annum,  with  coal 
at  $2  per  ton,  natural  gas  must  be  sold  at  15  c.  per  "M"  cubic  feet; 
and  with  coal  at  $2.50  per  ton,  natural  gas  must  be  sold  at  18  c.  per 
"M"  cubic  feet  in  order  to  compete  on  a  price  basis.  In  view  of  the  fact 
that  the  average  price  of  artificial  gas  throughout  the  United  States  is 
over  85  c.  per  "  M, "  the  economic  waste  in  permitting  the  use  of  natu- 
ral gas  for  industrial  service  is  self-evident. 


Fia.  4. — Typical  Intake  and  DiscaAROB  Pbesbures  or  a  Naturai.  Gas 
Tkanbuission  Line  NECESBAity  to  meet  the  Varying  Deuandb  of  tbe  Domes- 
tic CONSDMBRS. 


4,  There  can  be  no  conservation  for  future  generations  until  there  is 
an  appreciation  of  present  and  future  worth  of  natural  gas  service. 
Tbe  leading  legal  features  of  this  common  carrier  problem  are: 

1.  The  retail  price  of  the  gas  service  to  the  consumer  is  fixed  by  ordi- 
nances for  relatively  long  periods. 

2.  That  there  can  be  no  legal  deprivation  of  property,  either  directly 
by  confiscation,  or  indirectly  by  onerous  burdens. 

3.  The  contractual  relations  existing  with  present  gas  consumers. 
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The  present  agitation  to  make  natural  gas  lines  common  carriers 
comes  from  three  sources: 

1.  Small  companies  with  no  reserve  acreage  to  take  care  of  their  nor- 
mal growth  or  depleted  condition  of  old  and  operated  natural  gas  sup- 
plies. Many  small  companies  are  operating  properties  with  an  acreage 
of  not  over  50  acres  per  well.  The  average  acreage  per  gas  well  in  the 
United  States  is  about  400  acres  per  well,  and  the  companies  that  can  be 
depended  upon  to  render  contmuous  service  in  most  cases  hold  from  700 
to  800  acres  per  well. 

2.  Manufacturers  who  own  gas  property  in  gas  field,  but  who  do  not 
wish  to  incur  the  expense  of  carryii^  such  gas  to  a  point  where  factories 
are  located.  In  several  cases,  after  a  field  has  been  developed  manufac- 
turers have  stepped  in  and  bought  a  small  amount  of  production  without 
having  any  means  of  taking  such  production  to  the  point  where  their 
factories  we  located.  These  manufacturers,  therefore,  expect  that 
adjacent  pipe  lines  serving  large  numbers  of  domestic  consumers  should 
be  placed  at  their  service  in  handling  their  industrial  gas. 

3.  Small  producers  in  gas  field  with  no  reserve  acreage,  and  unable  to 
find  a  local  market  for  their  gas,  or  unable  to  make  the  investment  nec- 
essary to  carry  such  gas  to  the  market,  are  clamoring  for  the  common 
carrier  power  in  order  to  compel  the  adjacent  pipe  lines  to  act  not  only  as 
common  carriers  in  carrying  their  gas  to  a  market,  but  also  to  compel  such 
pipe-line  owners  to  buy  such  gas  by  virtue  of  the  economic  conditions 
surrounding  the  tranflmisaion  and  marketing  of  natural  gas. 

It  will  be  observed  tliat  all  of  these  are  distinctly  local  and  selfish, 
and  ignore  the  conservation  principles  entirely. 

The  engineering  and  economic  operating  conditions  that  must  be 
considered  and  coped  with  in  making  common  carriers  of  natural  gas  lines 
are:   . 

1.  Gas  can  go  in  one  direction  only.  This  makes  a  common  carrier 
service  for  a  pipe  line  entirely  different  from  a  common  carrier  service 
for  a  railroad,  where  transmission  may  be  carried  on  in  two  directions. 

2.  Capacity  of  transmission  lines  is  rigidly  fixed,  and  will  not  stand 
any  overload.  This  has  a  marked  effect  in  taking  care  of  peak  loads,  in 
contradistinction  to  railroads,  which  may  run  extra  trains  to  carry  extra 
traffic. 

3.  Natural  gas  service  is  instantaneous.  There  can  be  no  delays  in 
rendering  service,  as  is  possible  (and  universally  practiced)  in  other  trans- 
mission agencies,  such  as  roihoads  and  traction  lines.  For  instance,  a 
nulroad  cfm  very  easily  start  one  hour  late  in  case  of  congested  traffic, 
but  a  natural  gas  service  that  delivers  gas  for  cooking  breakfast  one  hour 
after  the  consumer  needed  it,  would  not  only  be  valueless  to  the  consumer, 
but  would  not  be  tolerated  in  any  community.    This  instantaneous 
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feature  differentiates  natural  g&a  service  from  all  transportation  utilities 
and  common  carrier  agencies. 

It  may  be  ai:^ed  that  as  between  a  domestic  consumer  and  an  in- 
dustrial consumer,  the  domestic  consumer  could  be  given  preference  in 
cold  weather,  but  sudden  changes  in  temperature  would  not  permit  the 
transfer  from  the  manufacturmg  to  the  domestic  consumer  in  time  for 
the  protection  of  the  latter. 

4.  While  it  has  been  urged  that  gas  transmission  companies  be  obliged 
to  build  'Additional  Unes  so  as  to  care  for  all  common  carrier  gas  offered 
them,  it  is  patent  that  should  this  be  done  the  company  would  be  burdened 
with  a  targe  indebtedness,  with  no  assurance  of  continuous  common  car- 
rier business,  because  of  the  uncertain  life  of  the  wells  from  which  the 
common  carrier  gas  would  be  offered.  The  well-known  common  law 
doctrine  that  "a  utility  cannot  be  forced  to  make  an  expenditure  unless 
there  exists  a  reasonable  expectation  that  the  income  from  such  expendi- 
ture will  justify  the  investment  made"  refutes  this  contention. 

5.  Since  the  size  and  length  of  the  transmission  line  remain  station- 
ary, the  only  variability  possible  in  taking  care  of  a  lai^e  fluctuating  load 
is  to  vary  the  pressure  on  the  line  within  the  strength  limits  of  the  pipe. 
Fig.  4  shows  the  practical  difficulties  in  taking  common  carrier  gas  into 
transmission  lines  on  account  of  the  great  variation  in  pressure  conditions 
necessary  to  insure  satisfactory  service  to  the  consumers  at  the  delivery 
end  of  the  line.  The  pressure  on  the  line  that  is  to  receive  the  gas  must, 
obviously,  be  lower  than  the  well  pressure,  or  else  artificial  means  must 
be  provided  to  increase  the  pressure  of  the  gas  that  is  to  be  injected  into 
the  transmission  line. 

6.  The  market  for  natural  gas  is  not  fixed,  but  varies  largely  with  the 
season  of  the  year,  time  of  day,  temperature  of  atmosphere,  locality,  and 
consumer's  caprice  in  using  or  not  using  gas  on  his  premises. 

7.  Gas  consumers  will  not  contract  for  or  agree  to  use  a  fixed  amount 
of  gas  each  day,  but  are  entitled  by  law  to  take  gas  as  they  need  it.  With 
mdustrial  consumers  the  consumption  is  controlled  by  business  condi- 
tions, and  plants  may  be  shut  down  for  days  at  a  time,  or  work  over  time, 
without  any  definite  arrangement  with  the  gas  company  for  such  fiucttia- 
tion  in  service  demands.  From  this,  it  is  evident,  from  the  very  nature 
of  the  case,  that  a  consumer  cannot  and  will  not  contract  for  a  definite 
supply  of  gas  from  some  shipper,  as  he  cannot  tell  the  shipper  how  much 
to  forward  through  the  common  carrier  lines,  or  when  to  make  deliveries. 

8.  Leakage  in  transit  must  be  taken  care  of,  either  in  the  rate  paid 
for  such  transmission  or  by  allowance  for  shrinkage  at  the  delivery  end. 

9.  Storage  facilities  are  not  commercially  feasible  for  storing  natural 
gas  at  the  intake  end,  in  transit,  or  at  the  delivery  end  of  the  transmission 
line.     For  instance,  an  18-in.  pipe,  I  mile  long,  at  300  lb.  pressure,  will 
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store  but  200,000  cu.  ft.  of  gas  as  delivered  to  the  consumer  at  4  oz 
pressure. 

10.  Since  the  gaa  in  transmission  will  be  thoroughly  intermixed,  if 
the  quality  of  the  common  carrier  gas  received  by  the  common  carrier 
is  different  from  that  delivered,  a  correction  will  have  to  be  made  for  this. 

1 1 .  The  volume  of  gas  taken  into  and  discharged  from  the  common 
carrier  line  must  be  accurately  determined.  Gas  being  volatile  and  in- 
visible cannot  be  transported  or  identified  or  measured  in  bulk  bs  coal 
or  oil  or  other  commodities;  and  apparatus  for  measuring  gas  in  lai^e 
quantities  is  expensive  to  install  and  operate.  Furthermore,  the  errors 
in  gas  measurement,  due  to  defects  in  the  apparatus  or  the  calculations 
based  on  the  apparatus  readings,  are  not  apparent  as  in  other  commodi- 
ties, and  after  the  gas  has  passed  the  meter  the  volume  cannot  be  checked 
to  detect  errors  in  measurement  or  settle  disputes,  as  is  possible  with 
ordinary  commodities. 

12.  Where  common  carrier  gas  is  delivered  to  and  removed  from  a 
common  carrier  line,  it  would  be  necessary  to  know: 

(a)  Specific  gravity  of  gas; 

(b)  Pressure  of  gas; 

(c)  Temperature  of  gas; 

(d)  Quality  of  gas. 

The  first  three  are  necessary  in  order  to  determine  the  volume.  The 
quality  of  the  gas  from  different  places  may  vary  considerably;  thus, 
there  may  be  a  variation  of  several  hundred  heat  units  per  cubic  foot  in 
the  heating  value.  Occasionally  freak  wells  produce  large  amounts  of 
sulphur  which,  if  introduced  as  common  carrier  gas  into  the  main  line, 
may  vitiate  the  supply  in  many  communities.  It  is  also  a  well-known 
fact  that  gas  as  it  comes  from  the  wells  contaJns  an  uncert^n  quantity 
of  moisture  and  frequently  salt  water,  which,  if  not  properly  handled 
in  the  field,  will  get  into  the  main  lines,  causing  damage  by  Unes  freezing 
up  and  water  interfering  with  the  action  of  r^ulators  and  meters. 

13.  A  common  carrier  natural  gas  line  would  be  limited  to  handle 
one  commodity;  whereas  railroads  can  handle  every  known  commodity. 

14.  Common  carrier  natural  gas  lines  can  have  no  extensive  inter- 
connecting service  with  other  lines;  whereas,  every  railroad  can  handle 
commodities  from  every  other  railroad. 

15.  The  transportation  of  natural  gas  is  .a  heal  business,  naturally 
centralized  in  the  fidds  of  production,  the  deliveries  being  made  near 
those  fields,  and  not  throughout  the  United  States,  as  are  other  commodi- 
ties. The  limited  area  producing  natural  gas,  and  limited  population 
usii^  natural  gas  in  the  United  States,  are  emphasized  in  Fig.  2. 

16.  Features  Nos.  1,  2,  3,  13,  14,  and  15,  just  mentioned,  emphasize 
a  conmion  error  made  in  comparing  natural  gas  transmission  lines  with 
railroad  transportation  systems,  and  the  fallacious  reasoning  therefrom 
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that  because  railroads  are  common  carrio'B,  natural  gas  lines  can  also  be 
made  common  carriers. 

In  conclusion,  the  converting  of  natural  gas  traosmiasion  lines  into 
common  carriers: 

1.  Presents  many  featm-es  that  are  impossible,  and  none  that  are 
feasible  or  expedient. 

2.  Could  not  require  a  company  operating  a  pipe  line  to  pick  up  gas 
anywhere  along  its  line  and  take  it  to  a  market  except  imder  the  legal, 
engineering,  and  eamomic  conditions  herein  defined. 

3.  Could  not  require  the  pipe-line  company  to  find  a  market  for  the 
gas. 

4.  WoiJd  so  disorganize  the  existing  business  as  to  make  it  impossible 
to  render  satisfactory  continuous  service  to  either  domestic  or  industrial 
consumers.  This  would  be  true  regardless  of  what  might  be  charged  for 
canyii^  this  common  carrier  gas. 

6.  Would  make  the  consumers — especially  the  domestic — subordinate 
to  occasional  producers;  that  is,  to  men  who  have  no  intention  of  following 
the  business  of  hunting  for  gas  for  future  service,  but  would  be  interested 
only  in  finding  a  good  marlcet,  at  the  expense  of  others,  for  such  gas  as 
might  be  found  as  a  result  of  an  occasional  venture. 

6.  In  all  cases,  where  tried,  will  impair  and  usually  destroy  the  cook- 
ing, beating,  and  lighting  service  of  the  domestic  consumer. 

7.  Would  greatly  increase  the  amount  of  gas  used  for  manufacturing 
purposes,  thus  hastening  the  day  when  natural  gas  will  be  merely  the 
memory -of  a  wasted  and  unappreciated  resource. 

8.  Could  be  based  only  on  distinctly  local  and  selfish  interests,  and 
would  have  to  ignore  entirely  the  broad  public  interest  in  an  effective 
and  continuous  service  and  a  future  generation's  equity  in  a  conserved 
fuel  supply. 
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BT  aiB  ROBERT  HADTIELD,  T.  B.  B.,*   LONDON,  ENOUUn) 
(Ad  sddraH  prapand  foe  pnaenUlion  tt  the  New  York  MMtlng,  Febtury.  1614) 

Introdiidion. — I  esteem  it  a  great  honor  to  be  asked  by  this  Institute 
to  give  them  an  address  chiefly  devoted  to  metallurgy.  While  it  is  with 
great  r^ret  that  I  find  myself  unable  to  be  present  to  deliver  this  in  person, 
I  take  this  opportunity  of  wishing  your  society  every  success  in  its  con- 
tinued career  of  usefulness  to  the  metallurgists  of  the  great  Republic. 

To  be  elected,  eight  years  ago,  along  with  Dr.  J.  E.  Stead,  F.  R.  S., 
as  one  of  your  Honorary  Members,  was  a  privilege  which  I  greatly  es- 
teemed, for  I  consider  that  no  society  in  America  has  done  so  much  as 
ours  for  the  advancement  of  metallurgy. 

Those  who  have  Served  our  Society. — ^ Where  many  have  served  so  well, 
it  is  difficult,  without  appearing  to  make  unavoidable  distinctions,  to 
select  names  from  those  of  your  members  who  have  done  so  much  for  the 
cause  we  have  at  heart — the  advance  and  progress  of  metallurgy.  As 
typical,  however,  and  not  in  any  way  meant  as  a  complete  list,  there  are 
among  others  the  following  names  which  in  the  past  and  to-day  stand  out 
prominently  in  this  science  of  ferrous  metallurgy.  With  most  of  those 
now  mentioned  I  have  personally  come  in  contact,  or  by  correspond- 
ence in  some  few  cases,  and  have  exchanged  views,  since  I  first  came 
over  to  America  30  years  ago.  Holley;  Jones;  Weeks;  Andrew  Carnegie; 
Thomas  Carnegie;  Fritz;  Sterry  Hunt;  Egleston;  Maunsel  White  and 
Taylor,  who  did  so  much  for  high-speed  tool  steel,  and  helped  to  revolu- 
tionize machine-shop  practice;  W.  J.  Taylor;  Robert  Hunt;  Alfred  Hunt 
of  Pittsburg,  who  did  so  much  in  the  early  history  of  aluminum,  and,  alas  I 
did  not  live  to  see  the  wonderful  progress  which  has  been  made  in  that 
particular  branch  of  metallurgical  industry;  James  Douglas;  C.  B.  Dud- 
ley; Birkinbine;  Howe;  Metcalf;  Barus;  Langley;  Raymond;  P.  H.  Dud- 
ley; H.  H.  Campbell;  W.  R.  Webster;  E.  D.  Campbell;  Talbot;  Spilsbury; 
Gayley;  Dinkey,  under  whose  supervision  and  responsibility  modem 
armor  has  been  so  successfully  produced  in  this  country,  which  tne 
writer  can  testify  from  personal  knowledge  of  test  results  possesses 
very  high  Figure  of  Merit;  Schwab;  Kennedy;  Wellman;  Garrison; 
Wood;  Moldenke;  Webster;  Swank;  Unger;  Richards;  Sauveur;  Strat- 


•  Honorary  Member. 
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ton;  Burgess;  Kirchhoff;  Waldo;  Stoi^htoo;  W.  R.  Walker;  Colby; 
Cushman;  Keep;  Sablin;  Clamer;  J.  E.  Johnson,  Jr.,  and  others. 

As  I  have  said,  it  is  quite  impossible  to  do  justice  in  the  above  short 
list,  or  to  prevent  omissions.  The  foregoing  list  seems,  however,  to 
fairly  represent  the  names  of  those  who,  by  their  valuable  contributions 
to  metallm-gical  research  work,  and  quite  apart  from  the  business  side  of 
life,  have  fredy  added  to  the  common  stock  of  knowledge,  which  is  the 
highest  service  a  man  can  render  to  the  State. 

I  would  conclude  these  personal  references  by  saying  that  our  Insti- 
tute is  to  be  congratulated  upon  beii^  presided  over  by  Mr.  Charles 
F.  Rand,  who  has  devoted  his  personal  time  and  attention  with  such 
conspicuous  success  to  the  important  and  ever-increasing  work  of  the 
Institute. 

Faraday  and  Metallurgy. — Some  portions  of  my  remarks  have  been 
prepared  rather  from  the  British  point  of  view,  for  I  was  recently  induced 
to  accept  the  Presidency  of  the  Faraday  Society  in  England  and  asked  to 
give  them  an  address,  so  have  been  preparing  some  notes  for  this  purpose. 
I  therefore  b^  your  indulgence  should  any  portion  of  the  address  appear 
to  be  directed  too  much  from  the  British  standpoint. 

Speaking  of  Faraday  and  his  work,  it  is  not  so  well  known  as  it  should 
be  that  apart  from  his  many  other  scientific  activities  he  bestowed  much 
attention  on  the  fascinating  subject  and  particular  corner  of  scientific 
research  to  which  I  have  personally  devoted  a  large  part  of  my  life,  the 
study  of  the  numerous  alloys  of  iron  with  other  elements.  The  extra- 
ordinary advances  which  have  been  made  throughout  the  world  during 
the  last  generation,  one  might  say  within  the  last  20  years,  have  been 
largely  owing  to  the  study  and  introduction  of  these  new  combinations  of 
iron  with  other  elements. 

Although  Faraday  was  not  the  first  in  this  field,  yet  he  was  certainly 
one  of  the  pioneers.  This  is  indicated  and  set  forth  in  his  admirable 
papers  on  Alloys  of  Steel,  read  jointly  with  Stodart  on  March  21,  1822, 
and  appearing  in  the  Philosophical  Transactions  of  the  Royal  Society  for 
that  year  (p.  253);  also  in  the  Philosophical  Magazine  (vol.  ix,  p.  363). 
An  interesting  report  of  his  various  experiments  is  given  in  his  work 
entitled  Experimental  Researches  in  Chemistry  and  Pkysica,  published  in 
1859. 

Among  his  numerous  discoveries  were:  induction  currents,  which 
eventually  gave  us  electric  light  and  theelectric  motor;  the  law  of  chemical 
decomposition  in  electrolyaia,  styled  "Faraday's  Law";  diamagnetism; 
the  action  of  magnets  on  polarized  light;  the  liquefaction  of  carbonic  acid 
gas  and  of  protoxide  of  nitrogen,  and  many  others  of  importance. 

The  name  of  the  Faraday  Society,  therefore,  is  one  to  conjure  with, 
and  one  that  the  Society  in  England  may  well  feel  proud  to  own.  I  be- 
lieve this  Society  largely  owes  its  inception  to  the  example  set  by  your 
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American  Electrochemical  Society,  whose  valuable  work  has  been  made 
to  prosper,  and  whose  prt^ess  has  been  so  rapid,  owing  to  the  inde- 
fatigable labors  of  Prof.  J.  W.  Richards. 

Therefore  there  does  not  seem  any  need  for  apologizing  for  the  sev- 
eral references  made  in  this  paper  to  Faraday,  seeing  how  great  was 
the  interest  shown  by  him  in  the  science  which  this  society  so  wisely 
helps  to  foster,  the  metallurgy  of  iron  and  steel. 

As  my  address  deals  more  particularly  with  the  scientific  side  of  metal- 
lurgy, no  attempt  will  be  made  to  deal  with  the  more  practical  side,  or 
the  wonderful  part  played  In  practice  by  the  American  metallurgical 
engineer,  who  has  astounded  the  world  by  making  possible  the  production 
of  those  phenomenal  outputs  of  iron  and  ateel,  and  by  which  your  country 
has  been  able  to  advance  with  such  leaps  and  bounds.  Such  men  as 
Bessemer,  Siemens,  and  Bell,  to  say  nothing  of  your  own  great  pioneers 
Holley  and  Jones,  would  indeed  be  astounded  if  they  could  have  seen  such 
outputs  as  30,000,000  tons  of  steel  per  annum! 

Early  Metallurgy  and  Alloys  of  Iron  and  Steel. — The  problem  of  alloys 
of  carbon  and  of  many  different  elements  with  the  world's  leadii^  metal, 
iron,  is  an  extraordinarily  fascinating  one.  I  use  the  qualitative  "lead- 
ing" advisedly,  since  without  this  metal  the  world  would  be  plunged  into 
uncivilized  darkness,  and  when  this  metal  does  fail,  for  fail  it  must  at 
some  future  time,  it  is  difficult  to  see  how  the  world  can  avoid  returning 
to  the  Stone  Age  at  a  quicker  pace  than  that  at  which  it  emerged  from  it. 
Iron  is  in  truth  the  leading  metal:  it  is  constantly  used  and  In  everybody's 
hand  and  service  in  some  shape  or  other  and  for  an  Immense  variety  of 
purposes;  yet  we  all  recognize  that  it  still  embodies  a  vast  amount  of 
secrets,  it  still  affords  a  wonderful  field  for  research. 

One  can  picture  to  one's  self  the  joy  of  the  first  metallurgist,  apparently 
Tubal  Cain,  when,  in  probably  the  year  252462  B.  C,  he  discovered 
that  a  lump  of  red-looking  earthy  material  tossed  by  accident  in  his  fire 
gave  quite  another  material,  a  "metallic  "product  which  could  be  made  to 
cut.  This  first  member  of  the  prehistoric  Iron  and  Steel  Institute  was 
not  long  in  recognizing  the  far-reaching  consequences  of  his  accidental 
discovery.  He,  no  doubt,  first  made  weapons — a  crude  type  of  javelin 
presumably — from  this  new  product,  but  appalled  at  the  rate  at  which 
the  men  of  his  period  had  become  able  to  destroy  one  another  by  reason 
of  this  discovery  of  his,  he  probably  endeavored  to  counteract  the  action 
of  the  new  offensive  weapon  he  had  been  able  to  put  in  their  hands  by 
providing  them  with  defensive  ones,  and  he  gave  them  "  metallic  "  shields. 
But  by  that  time  others  had  entered  the  field  and  started  producing  both 
classes  of  weapons,  making  each  alternately  the  stronger,  and  so  matters 
prc^ressed.  The  idea  caught  on,  and  Tubal  Cain,  besides  being  the  first 
metallurgist,  was  probably  also  the  first  man  to  initiate  the  "projectile 
versus  armor"  conflict,  a  conflict  which  has  continued  ever  since,  is  being 
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continued  to  this  day,  and  one  in  which  my  city  of  Sheffield,  I  venture  to 
think,  has  acquired  a  world-wide  renown.  As  r^ards  this  early  history 
of  metallurgy,  I  have  very  fully  dealt  with  comparatively  early  metd- 
lurgical  products,  thoi^h  only  going  back  some  15  or  16  centuries,  in  my 
paper  to  the  Iron  and  Steel  Institute,  Sinhalese  Iron  and  Steel  of  Ancient 
Origin,  read  in  May,  1912. 

Ancient  Iron  and  the  Delhi  PiUar. — It  may  be  interesting  to  add  here 
that  thanks  to  the  kindness  of  J.  H.  Marshall,  C.M.G.,  CLE.,  the  Direc- 
tor-General of  Archfeology  in  India,  since  my  paper  was  written  I  have 
been  able  to  obtain  a  specimen  of  the  famous  Delhi  Pillar,  which  is  about 
24  ft.  in  length  and  we^hs  6|  tons.  It  was  found  to  have  the  following 
composition: 


0.080    0.046    0.006    0.114        nU    99.720 
Specific  gravity,  7.81  per  cent.    Brinell  ball  hardaess  number,  180. 

Thia  unique  specimen  is  probably  one  of  the  finest  apecimena  of  iron 
work  ever  produced  until  modem  times.  In  other  words,  until  less  than 
100  years  ago  a  forging  of  such  length  and  weight  could  not  have  been 
.  obtained!  Therefore,  great  credit  is  indeed  due  to  the  Eastern  metal- 
lurgist who  worked  up  such  a  specimen  of  the  metallurgical  art.  As  to 
the  manner  in  which  this  was  accomplished,  I  have  dealt  with  the  problem 
in  my  paper  before  referred  to. 

Faraday's  Experiments  in  1822. — From  Tubal  Cain  to  Faraday  is  a 
far  cry  indeed.  The  latter  was  one  of  Britain's  noblest  sons.  In  the 
earlier  years  of  his  activity  he  attacked  the  problem  for  the  sake  of  the 
problem  itself.  His  whole  life  was  one  of  untiring  energy,  and  a  detailed 
record  of  his  researches  would  fill  volumes  of  any  Institute's  proceedings. 
He  devoted  a  certain  amount  of  attention  to  the  study  of  metallurgy. 
As  regards  his  metallurgical  research  work,  fully  described  in  the  source 
to  which  I  have  previously  referred,  it  was  in  1822  be  mentioned  in  one 
instance  that  he  himself  could  not  go  to  Sheffield,  where  he  intended  to 
have  his  alloys  made  in  continuance  of  the  experiments  he  and  Stodart 
had  started  at  the  Royal  Inatitute,  but  that  he  waa  carefully  preparing 
in  London  the  mixtures  to  be  melted  in  Sheffield,  placing  them  in  separate 
parcels.  The  work  was  to  be  given  to  a  trusty  assistant,  who  was  to  go 
down  and  see  the  experiments  put  in  hand  and  completed  at  Sanderson's 
works,  this  firm  being  still  in  existence  to-day.  In  those  early  days 
there  was  only  one  way  of  sending  the  specimens  from  London  to  Sheffield, 
that  is,  by  coach,  a  long  journey,  and  one  can  picture  the  great  scientist 
carefully  sortii^  out  his  materials,  various  alloys  and  iron,  for  mixing 
together  in  order  to  produce  the  different  classes  of  material  he  had  in 
view,  and  carefully  packing  them  in  different  parcels. 

Faraday  foresaw  that  metallurgy  was  destined  to  become  one  of  the 


.coy  Google 


THE  PROOBBSS  OF  THB  UBTALLUBOT  OF  IBON  AKD  BTBBL    817 

leading  branches  of  science,  and  that  in  a  general  way  it  is  upon  progres- 
sive metallurgy  most  of  the  advances  in  modem  effort  and  progress  are 
dependent.  I  say  this  advisedly,  for  what  would  life  be  to-day  without 
the  aid  of  the  metal  iron  and  its  alloys  and  combinations.  This  I  pointed 
out  very  fully  in  my  Presidential  Address  to  the  Iron  and  Steel  Institute 
in  1905.  So  much  was  I  then  imbued  with  this  spirit  that  in  that  address 
I  gave  the  portraits  of  some  21  early  scientists,  largely  Swedish,  to  whom 
the  world  owes  such  a  great  debt  of  gratitude  with  regard  to  the  work 
they  did  in  first  separating  many  of  the  various  elements  now  used  in  the 
alloys  of  iron  and  steel.  Probably  in  no  country  was  more  good  work 
done  than  by  these  early  scientists  in  Sweden. 

Early  Workers  in  Metallurgy. — It  may  be  interesting  to  give  a  list 
of  these  early  workers  in  scientific  metallurgy;  of  those  against  whose 
names  an  asterisk  is  placed  I  have  been  able  to  obtain  portraits. 

Early  Workers  in  Scientific  MetaUurgy 

Aristotle  (Greece),  3S4r-322  B.  C,  philosopher,  deecribed  the  maaufftcture  of  Indian 

Bteel. 
TheophrartuB  (Greece),  374-287  B.  C,  philosopher,  wrote  on  iron  ore. 
Diodorus  Siculus  (Sicily),  60  B.  C,  geographer,  described  the  smelting  of  Elba  ore. 
Plinius  (Italy),  79-23  B.  C.,  naturalist,  showed  that  the  properties  of  iron  depend  upon 

its  treatment. 
Rugenia  Theophilua  (Germany),  monk,  dealt  with  iron  in  his  Schedvla  dtvertarum 

Artium  (1050). 
Leonardo  Da  Vinci  (Italy),  1452-1519,  physicist,  artist,  etc.,  introduced  blast  for 

smelting  iron. 
Vannccio  Biringuocio  (Italy),  1480-1639,  dealt  with  iron  in  his  Pyroltchnia  (1640). 
Geoi^uB  Agricola  (Germany),  1490-1555,  dealt  with  metallurgy  of  iron  in  his  i>e 

Re  MetaUica  (published  1656). 
laiaruB  Ercker  (Germany),  wrote  on  assaying  (1574). 
Louis  De  Geer  (Sweden),  1587-1652,  introduced  the  Walloon  furnace. 
Dud  Dudley  (England),  1599-1684,  fitst  smelted  iron  with  pit  coal. 
Johana  Rudolf  Glauber  (Germany),  1604-1668,  chemist,  discovered  several  metallic 

chlorides. 
Simon  Sturtevant  (England),  dealt  in  his  MeiMtca  with  the  use  of  coal  for  smelting 

(1612). 
John  Rovenson  (England),  dealt  in  Iiis  MtiaiUka  (1613)  with  the  use  of  coal  for  smdt- 

ing. 
*8ir  John  Pettue,  Knight  (England),  1613-1690,  author  of  metallurgical  works. 
Andrew  Yarranton  (England),  1616-1684,  introduced  tin  plate  manufacture. 
The  Hon.  Robert  Boyle  (England),  1627-1691,  chemist  and  physicist. 
■Sir  Isaac  Newton,  l^iight  (England),  1643-1727,  scientist. 

'Ren^  Antoine  Ferchault  Reaumur  (FVance),  1683-1757,  physicist,  wrote  on  cemen- 
tation and  decarburisation. 
'Emanuel  von  Swedenborg  (Sweden),  1688-1772,  engineer  and  theologian,  wrote  on 

iron. 
G.  Brandt  (Sweden),  1664-1768,  discovered  cobalt  (1733). 
'Benjamin  Huntsman  (England),  1704-1776,  manufacturer,  first  to  melt  steel. 
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'Benj&min  Franklin  (United  StAtea),  1706-1790,  statesman  and  scientiBt,  invraitarof 

the  Franklin  stove. 
Johann  Andreas  Cramer  (Germany),  171I>-1777,  author,  wrote  on  metaUurgy. 
Abraham  Darby  (England),  1711-1703,  used  coke  for  smelting. 
*Syen  Binmon  (Sweden),  1720-1792,  wrote  on  metallui^y  of  iron. 
*Axel  Frederio   Cronstedt   (Sweden),    1722-176S,   mineralogist,   discovered  nickel 

(1751). 
'Joseph  Priestley  (England),  1733-1804,  chemist,  discovered  oxygen  (1774). 
'Ridurd  Kirwan  (Ireland),  1733-1812,  author,  first  English  writer  on  mineralt^y. 
•Torbem  Olaf  Bergman  (Sweden),  1735-1784,  chemist,  founder  of  analytical  chfemistry, 

drew  distinction  and  explained  diSerenoes  between  pig  iron,  wrought  iron  and 

'Henry  Cort  (England),  1740-1800,  engineer,  introduoed  puddling  and  the  use  of 

grooved  rolls, 
*Karl  Wilhelm  Scheele  (Sweden),  1742-1786,  chemist,  anticipated  Priestley's  discovery 

of  oxygen,  discovered  manganese  (1774),  chlorine,  barium,  and  molybdenum. 
'Martin  Heinrich  Klaproth  (Germany),  1743-1817,  mineralogist,  discovered  uranium 

(1789)  and  titanium  (1794). 
•Antoine    Laurent    Lavoisier    (lYance),    1743-1794,    chemist,    creator    of  modem 

chemistry. 
Johann  Gottleib  Gahn  (Sweden),  1745-1313,  chemist,  isolated  phosphoric  acid. 
'Claud  Louis  De  BerthoUet  (fVance),  1748-1822,  chemist,  discovered  oompodtion  of 


Fausto  De  Eihuyar  (Spain),  1755-1832,  chemist,  first  prepared  metallic  tungsten 

(1792). 
Wilbam  Reynolds  (England),  1758-1803,  patented  (1799)  the  use  of  manganese  oxide 

for  steel  manufacture. 
John  Dalton  (England),  1766-1S44,  chemist,  published  table  of  atomic  weights. 
Jeremias  Benjamin  Richt«r  (Germany),  1762-1807,  chemist,  invented  alcoholometer. 
'Louis  Nicholas  Vauquelin  (France),  1763-1829,  chemist,  discovered  ohromium  (1797). 
David  Mushet  (Bn^and),  1772-1847,  metallurgist,  author,  discovered  black-band 

ore. 
Sir  Humphry  Davy  (England),  1778-1829,  chemist,  first  isolated  pota»ium  and 

sodium. 
•J8nB  Jakob  Berselius  (Sweden),  1779-1848,  prepared  pure  iron,  discovered  sdenium, 

thorium,  and  cerium,  isolated  silicon,  and  introduced  the  theory  of  allotropy. 
Pierre  Berthier  (France),  1782-1861,  chemist,  wrote  on  metallurgioal  analysis. 
Robert  Sterling  (Scotland),  1790-1878,  patented  regenerative  principle  (1817). 
'Michael  Faraday  (England),  1791-1S67,  chemist  and  physicist,  investigated  t^e 

properties  of  iron  and  steel  alloys. 
James  Beaumont  Neilaon  (Scotland),  1792-1866,  invented  hot  blast  (1828). 
'Friedrich  Wohler  (Germany),  1800-1882,  chemist,  discovered  aluminum  (1827). 

Conservation.— 1  may  add,  although  it  may  seem  a  truism,  that  the 
investigation  of  alloys  of  iron  is  exceedii^ly  important  and  of  great  prac- 
tical benefit  and  utility  not  only  from  the  point  of  view  of  obtaining  the 
required  combination  for  a  given  purpose,  but  also  from  that  of  obtaining 
for  a  given  quantity  of  metal  the  maximum  degree  of  utilization.  As 
above  alluded  to,  the  world's  resources  in  the  matter  of  iron  ores  are  not 
inexhaustible,  and  it  may  be  incumbent  upon  us  before  long  to  more 
carefully  husband  them.    The  United  States  is  now  annually  producing 
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QO  lees  than  33,000,000  tons  of  pig  iron,  Germany  some  20,000,000  tons, 
Great  Britain,  France,  and  Belgium  nearly  as  much  more,  all  involving 
enormous  consumption  of  iron  ore.  Quite  apart  from  these  two  points  of 
supreme  economic  interest,  the  study  of  alloys,  as  I  have  already  stated, 
is  a  most  fascinating  study  and  indeed  a  very  wide  one.  The  rapid 
introduction  of  alloys  of  iron  with  other  elements  shows  that  they  have 
met  the  necessity  of  the  times.  An  alloy  steel,  although  it  is  more  ex- 
pensive, is  really  an  attempt  at  conservation;  it  is  possible  to  make  a 
pound  of  alloy  steel  go  as  far  as  many  pounds  of  ordinary  steel. 

It  must  be  remembered,  too,  that,  as  in  the  past,  the  production  of 
iron  by  different  countries  must  vary  from  time  to  time.  The  country 
leading  at  one  period  may  not  necessarily  do  so  for  all  time.  The  great 
and  leading  point  is  to  provide  for  a  source  of  supply  of  the  ore. 

The  well-known  French  writer,  Henri  Gaston,  in  his  iaterestii^ 
brochure  Ou  va  VaUemagne  points  out  that  Germany  will  in  the  near 
future  exhaust  her  own  supply  of  iron  ore;  then  what  is  she  going  to  do? 
She  controls  no  outside  sources  of  any  great  value.  Without  introducing 
politics,  perhaps  there  was  more  than  met  the  eye  in  Germany's  interest 
in  Morocco  with  its  great  stores  of  iron  ore.  Gaston  claims  that  France 
has  a  much  greater  and  more  certun  metallurgical  future.  He  goes  so 
f ar  aa  to  say  "Nous  aommes  destinfe,  si  rien  ne  vient  contre  carrer  noR 
desseins,  k  devenir  la  nation  m6tallurgtque  la  plus  puissants  du  monde." 
I  have  written  these  few  remarks  to  show  that  any  temporary  heading 
of  the  list  of  nations  producing  pig  iron  cannot  by  itself  alone  be  consid- 
ered.    There  ve  many  other  factors. 

Frent^  Metallurgy  in  the  IStk  and  19tk  Centuries. — Two  remarkable 
books  were  published  in  1846,  one  L'Art  de  Tremper  les  Fera  et  lea  Aciers, 
by  M.  Camus,  and  the  other  Mlmoirs  mr  la  Fabrication  et  U  Commerce 
des  Fera  d  Ader  dans  U  Nord  de  VEurope,  by  M.  F.  le  Play,  Ing^nieur  en 
chef  des  Mines,  Professeur  de  M^tallurgie  a  I'Ecole  Royale  des  Mines. 
That  by  M.  Camus,  who  is  described  as  "  lug^nieur-Manuf acturier, 
membre  de  la  Soci^tS  d'encouragement  pour  I'lndustrie  nationale,  ex  - 
Ouvrier  Contre-Maitre  et  Direeteur-Fondatent  de  plusieurs  Uaines  et 
Manufactures  mStallurgiques  en  France,"  deals  in  a  most  practical  way 
with  the  methods  required  to  obtain  the  best  qualities  from  steel  which 
has  to  be  hardened  and  tempered.  Much  of  the  information  he  gives 
is  quite  as  applicable  to-day  as  when  it  was  first  written.  He  furnishes 
particulars  of  various  temperatures  as  they  were  then  estimated  by  the 
Wedgwood  pyrometer,  heat  colors,  and  other  information.  I  reproduce 
one  of  his  tables  in  full  (Table  I),  as  it  shows  the  care  and  attention  then 
bestowed  by  this  French  expert.  This  list  was  published  in  1846,  show- 
mg  that  excellent  work  had  even  then  been  done  with  reference  to  the 
determination  of  h^h  temperatures. 
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Eau  bouillante,  Zinc,  Stat  de  ductility  pour 

son  laminaKe 

Redrbssaok  &  la  prease  des  objeta  trempfs 

Maximum  de  chaleur 

Etain,  bod  premier  point  d'entr^e  ea  fusion 
Jaune-PAiLLE,  premi^     recuite  de  trempe 

(sficUe; 

Id.  d'OR,  deuxiime  id.  ^moins) 

GoBOE-DB-PiGEON,     troiaiSme     id.     (m 

Bkitr^  en  fusion  du  Bismuth 

VioiiT,  quatrifane  id.  (moins) 

Bleu-FoNCJ,  cinqui^me  id.  la  plus  douce  k 

domier 

Plomb,  il  entre  en  fusion  &  forcSe 

Mkrcueb,  id.,  A  forcfa 

Zinc,  id.,  4  forcfe 

Expiration  forc6e  de  la  trempe,  &  cette  chaleur 

il  y  a  reouit 

Antimoine,  il  entre  en  fusion  &  forofc  i,. 
Rouge-BHUN,  nen  pour  la  trempe,  recuit  de 

petita  objets  it  la  forge 

Aroent,  il  entre  en  fusion  k 

Laiton,  id.,  i, 

CmvRB,  id.,  & 

Ob,  id.,  4 

Rouge-CERiSB,  h, 

Rouge- ViF,  il 

Rouge-CLAiR,  k, 

Rouge-RosE,  k 

Rouge-BLANC.  Au  feu  de  forge  de  faibles  Stin- 

celles  jpartent  des  angles  du  fer,  k 

Blanc  Pck,  maximum  d'fiprouvette,  fin  de 

cementation  (fabrication  d'acier)  k 

Premier  Blanc-Soant,  souduredu  fer  tendre, 

carbur4,  k 

Deuii6mB  Blanc^ijant,  k  goutelettea  mStal- 

liquea,  soudure  du  bon  fer  ordinaire,  k. . 

Troisiftme  Blanc-Soant,  id.,  soudure  du  fer 

trte-pur,  k 

FoNTB  Grise,  au  creuset,  premiire  fusion 

agglutination  (reunion)  k i 

AciER  de  cSment&tion  au  creuset;  U  entre  en' 

fusion  k I 

FONTB  Grise,  id.,  en  Stat  de  bain,  k i 

Feb,  il  entre  en  fusion  pleureuse,  a | 

AciER  de  cementation,  maximum  du  bain,  k 
IMiNEBAi,  etftt  de[bain  (Haut-Foumeau),  k 
Fer,  il  y  a  agglutination  (rSunion),  k. , 

Id,  Stat  de  bam,  k 

Id.  No.  1,  maximum  du  bain,  k 

Id.  trte-pur,  id.,  k 
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•As  some  of  the  figures  in  column  4  are  so  high,  probably  M.  Camus  had  the  Fab.^ 
renheit  scale  in  mind.  Even  then  the  figures  are  of  coiuse  entirely  incorrect  in  the 
light  of  our  present  knowledge.  ^--  ■ 
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Turnmg  to  the  work  by  Profeseor  le  Play,  this  writer  showa  how  for 
nearly  a  hundred  years  or  more  French  metallurgy  83  r^ards  the  produc- 
tion of  high-class  steel  had  been  entirely  misdirected  by  the  idea  to  which 
they  obstinately  clung  for  so  long  that  it  was  possible  to  produce  in  France 
bar  iron  for  making  steel  of  the  same  quality  as  produced  by  Sweden; 
this  too  in  face  of  the  wonderful  prc^ess  then  made  by  the  English  steel 
makers,  who  had  wisely  adhered  to  the  importation  of  high-class  Swedish 
irons. 

This  book  has  for  the  first  time  made  me  aware  that  R6aumur^  in 
1715,  by  his  elaborate  researches  published  from  1720  to  1722,  although 
a  great  scientist  in  many  ways,  made  a  terrible  mistake  which  hampered 
French  industry  for  a  long  period,  when  he  proved  to  his  own  satisfaction, 
as  he  thought,  that  it  would  be  possible  to  treat  irons  made  in  France 
so  that  their  quality  would  be  equal  to  the  pure  products  of  Sweden. 
Owing  to  his  misapprehension  of  the  true  conditions  attaching  to  the 
production  of  high-class  steels,  very  large  sums  of  money  were  lost  in 
France,  both  under  the  Monarchy  and  the  Republic,  This  shows  how 
exceedingly  careful  a  scientific  man  should  be  in  advancing  theories  not 
fully  tested  and  confirmed  in  practice. 

The  position  which  had  already  then  been  reached  by  Sweden  is  but 
another  proof  of  the  debt  of  gratitude  the  metallurgical  world  owes  to 
that  country.    As  Professor  le  Play  said  in  1846  (p.  91). 

"For  two  ceuturies  the  Swedish  metallurgiste  have  exploited  with  great  clevemeae 
the  steel-makiag  quality  of  their  minerals.  This  branch  of  the  metallui^y  of  iron  is 
due  to  their  efforts." 

Professor  le  Play  points  out  (p.  99)  how  it  was  that  Reaumur,  chvet 
as  be  was,  had  gone  wrong. 

"The  disastrous  results  from  which  the  French  steel  industry  suffned,  by  following 
the  advice  of  R&umur,  did  not  change  the  opinion  of  the  practicability  of  the  process, 
although  based  merely  on  laboratory  experiments.  The  moat  distinguished  scientific 
men  and  the  most  eloquent  writers  persisted  in  maintBining  that  Frencii  iron  was  very 
suitable  for  steel  making,  and  the  government,  much  influenced  by  their  argumento, 
continued  to  insist  on  the  use  of  this  iron  as  a  condition  in  maJcing  any  grant  to  assist 
any  infant  industiy." 

Works  after  works  in  France  came  to  grief  owing  to  the  obstinacy 
with  which  the  French  clung  to  their  methods  of  trying  to  utilize  their 
own  Empire's  products  at  the  expense  of  quality.  Even  when  works 
were  started,  as  for  example  those  of  Aci^ries  de  Nerouville  in  1770,  where 
Swedish  iron  was  exclusively  used,  special  pressure  was  brought  to  bear 
to  compel  them  to  discontinue  using  the  imported  product,  researches 
beii^  again  renewed  in  order  to  try  and  utilize  French  iron,  again  only 
with  the  same  disastrous  consequences. 

■One  of  lUaumur's  well-known  books  was  L'art  de  converttT  k  fer  forgi  en  acier, 
Paris,  1722. 
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Professor  le  Play  further  points  out  (p.  132) : 

"Aa  I  have  already  said,  if  R^umur,  in  1722,  had  not  misled  those  engaged  in  the 
industry,  it  would  have  developed,  as  in  England,  by  using  Swedish  iron.  It  would 
have  done  it  with  probable  success,  since,  during  the  whole  eighteenth  century, 
England  believed  it  should  lay  taxes  on  the  right  of  importation  of  foreign  iron. 

I  have  givea  the  foregoing  at  some  lei^h  because  it  is  interesting  to 
see  that  British  common-sense  and  practical  way  of  regarding  matters 
of  this  kind  kept  them  on  the  right  road.  It  was  good  judgment  of  no 
little  value,  for  it  resulted  in  Sheffield  becoming  the  center  of  the  special 
steel  trade  of  the  world,  a  position  which  it  still  holds.  The  French  idea 
was  that  the  quality  of  the  material,  then  known  as  body,  was  to  be 
obtained  by  purifying  the  products  of  their  more  imperfect  ores.  But, 
as  we  all  know,  the  idea  was  not  practical  and  Sweden  still  holds  its  posi- 
tion in  the  world  for  the  production  of  the  purest  quality  of  raw  material. 
There  is  more  Swedish  pig  and  bar  iron  now  being  used  than  at  any  pre- 
vious time. 

Le  Play  also  mentions,  and  I  think  this  is  specially  interestii^  in 
view  of  Faraday  and  Stodart's  experiments  in  1820,  that  these  commenced 
owing  to  Faraday's  havii^  analyzed  certain  specimens  of  material 
from  India  known  as  Wootz  steel.  A  similar  series  of  experiments  were 
then  undertaken  in  France.  Assistance  was  given  to  the  project  by  the 
well-known  Soci^t^  d'Encouragement  pour  I'Industrie  Nationale,  a 
society  still  existing  and  doing  most  excellent  work.  Tbb  society  found 
the  necessary  funds  for  carrying  out  some  300  experiments  upon  alloys 
of  iron  with  different  met^.  A  report  on  this  subject  was  presented 
to  the  society  in  1821.  The  experiments  were  continued  to  the  year 
1824,  but  did  not  appear  to  result  in  any  manufacturing  benefit.  The 
Soci6t4  d' Encouragement  pour  I'Industrie  Nationale  then  granted  gold 
medals  to  several  investigators  in  the  art  of  steel  making. 

Value  of  Research. — Let  us  remember  that  it  is  to  the  valuable  prop- 
erties of  the  many  alloys  of  iron  now  made,  from  carbon  steel  to  the 
complex  one  known  as  high-speed  tool  steel,  which  contains  no  less 
than  five  different  elements  apart  from  the  iron  itself,  is  due  the  re- 
markable progress  we  have  made,  whether  in  the  arta  of  peace  or  war. 
I  will  give  one  simple  concrete  instance:  the  modem  motor  vehicle, 
whether  for  private  or  trade  use,  with  which  such  an  enormous  traffic 
is  now  carried  on  with  so  great  convenience  and  comfort  to  the  public 
of  all  lands.  Take  away  the  alloy  steel  used  in  its  constructionj  and  it 
could  no  loiter  be  produced.  The^ombination  of  lightness  and  strength 
necessary  in  such  modern  products  is  only  possible  by  the  use  of  special 
alloy  steels. 

To  study  the  qualities  of  alloys  of  iron  with  other  elements  involves 
much  research  work,  which  is  a  noble  occupation  for  mankind.    While 
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this  work  may  not  appear  so  attractive  as  the  discovery,  for  example, 
of  a  new  element,  it  is  not  less  important. 

The  value  of  research  work  has  early  recogaized  in  Great  Britain,  for 
in  the  very  interesting  History  of  the  RoytU  Society  of  London  for  the 
Improving  of  Natural  Knowledge,  published  in  1702  and  written  by 
"Tho.  Sprat,  D.  D.,  Lord  Bishop  of  Rochester,"  it  is  said  in  the  Preface 
or  Dedication  portion  to  the  King  (Charles  II) : 

"Of  all  Kings  of  Europe,  Your  Majesty  was  the  first  who  confirmed  this  noble  deaign 
of  Elxperimenta,  both  by  your  own  example  and  by  the  public  eetabliahment  of  the 
Royal  Society.  An  Enterprise  equal  to  the  most  renowned  actions  of  the  best  Princes. 
For  to  increase  the  Powers  of  all  Mankind,  and  to  free  them  from  the  bondage  of 
errors,  is  greater  glory  than  to  enlarge  Empire,  or  to  put  chains  on  the  necka  of  Con- 
quered Nations.  A  higher  d^ree  of  Reputation  is  due  to  Discoverers  than  to  the 
Teachers  of  Speculative  Doctrines,  nay  even  to  Conquerors  themselves.  Nor  has  the 
TVue  God  Himself  omitted  to  show  His  value  of  vulgar  Acts.  In  the  whole  history  of 
the  first  Monarchs  of  the  World,  from  Adam  to  Noah,  there  is  no  mention  of  their 
Wars  or  their  Victories.  All  that  is  recorded  is  this.  They  lived  bo  many  years,  and 
taught  their  posterity  to  keep  Sheep,  to  till  the  Ground,  to  plant  Vineyards,  to  dwell  in 
Tents,  to  build  Cities,  to  play  on  the  Harp  and  Organs,  and  to  work  in  brass  and 
IRON.  And  if  they  deserved  a  Sacred  Remembrance  for  one  Natural  or  Mechanical 
Invention,  your  Majesty  will  certainly  obtain  Immortal  Fame,  for  having  established 
a  perpetual  Succession  of  Inventors." 

Quaint  aa  may  seem  these  words  to  us  to-day,  there  is  indeed  still  now 
as  great  truth  in  them  as  when  they  were  uttered.  The  marvelous  re- 
cent progress  of  the  world  has  been  largely  due  to  the  scientist,  to  the 
inventor,  and  not  least  in  these  branches  of  human  thoi^ht  are  those 
who  work  in  "Natural  or  Mechanical  Inventions,"  or,  to  use  again  the 
Bishop's  words,  "In  Brass  and  Iron,"  though  nowadays  the  latter  metal 
plays  the  more  prominent  part. 

Since  the  date  when  these  wise  words  were  uttered,  the  Royal  Society 
has  seen  one  long-continued  career  of  success,  and  owing  to  the  devotion 
of  its  Fellows  to  the  cause  of  science  and  scientific  progress,  mostly  with- 
out reward  of  any  kind,  there  is  no  country  where  science  and  scientific 
work  is  more  highly  esteemed  than  in  Great  Britain.  I  know  it  is  often 
customary  to  say  that  we  lack  appreciation  of  scientific  merit,  but  I  do 
not  believe  it.  The  fight  for  the  cause  of  advance  may  be  severe,  but  in 
the  end  we  English  recognize  to  the  full  true  merit.  We  need  not  be 
ashamed  when  from  this  little  island  have  come — not  to  mention  those 
still  with  us — such  men  in  the  Anglo-Saxon  race  as  Bacon,  Newton, 
Priestley,  Dalton,  Boyle,  Cavendish,  Faraday,  Davy,  Huxley,  Tyndall, 
Spencer,  Darwin,  Kelvin,  Thompson,  Dewar,  Rayleigh,  Oliver  Lodge, 
Percy,  Roberts-Austen,  and  many  others.  On  the  more  technical  side, 
Dudley,  Sturtevant,  Pettus,  Huntsman,  Darby,  Kirwan,  Cort,  Heath, 
Heaton,  Mushet,  Bessemer,  Siemens,  Bell,  Whitwell,  also  many  others  in 
the  Old  World. 
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In  the  New  World,  such  men,  aa  regards  both  classes  of  research,  as 
Benjamin  Franklin,  Fulton,  Agassiz,  William  Gibba,  Rowland,  Barus, 
Edison,  Bell,  Stienmetz,  Sterry  Hunt,  Howe,  Holley,  Fritz,  and  others 
who  are  referred  to  in  the  earlier  part  of  this  address. 

The  foregoing  list  is  neceesarily  a  very  incomplete  one  and  refers  only 
to  the  workers  in  the  Anglo-Saxon  race.  It,  however,  represents  at  any 
rate  some  of  those  who  have  done  the  greatest  work  in  the  domains  of  the 
sciences  of  chemistry,  physics,  electricity,  engineering,  and  metallurgy. 

The  Avihor's  Research  Work. — At  the  time  I  first  started  my  own  re- 
search work,  in  1882,  little  was  known  on  the  subject  of  alloys  of  iron.  In 
fact,  in  the  light  of  our  present  knowledge,  one  might  safely  say  that  the 
subject  was  practically  an  unknown  one. 

Mars,  the  eminent  German  writer,  in  his  recent  book  Die  Spezial- 
slafUe,  was  good  enough  to  say: 

"The  moBt  extensive  experimental  reBearchea,  which  may  be  said  to  have  laid  the 
foundation  for  entire  knowledge  of  steel  alloya,  were  carried  out  by  Uadfield  in  the 
eightiee  of  the  last  century.  .  .  .  Hia  two  works  on  MaaKaneae  Steels  and  Silicon 
Steels  have  become  of  decisive  importance  as  regards  the  development  of  the  technics 
of  steel  tkUoye.  They  not  only  supplied  a  wealth  of  important  facta  from  the  purely 
scientific  point  of  view,  but.they  subsequently  led  up  to  the  evolution  of  many  new 
qualities  of  steel. 

"The  first  thorough  researches  concerninK  silicon  and  iron  alloys  which  could  claim 
to  have  investigated  the  properties  of  silicon  steels  from  the  standpoint  of  the  steel 
manufacturer,  with  a  view  to  the  uses  of  the  alloys  examined,  were  published  by  Had- 
field.  This  work  was  the  second  of  the  series  of  publications  forming  the  foundation 
of  the  entire  modem  knowledge  of  alloys  of  iron." 

Pourcel,  the  eminent  French  metallurgist,  said  that  he  "consid- 
ered the  production  of  manganese  steel  the  most  important  event  in 
practical  metallurgy  during  the  last  ten  years,  and  which  might  take 
its  place  beside  the  result  of  the  labors  of  Gilchrist,  Bessemer,  Siemens, 
Martin,  and  Mushet." 

Dumas,  in  his  Recherckes  sur  lesAdere  au.Nickel  d  Hautes  Tenettrs," 
said  that  my  alloy  studies  were  "the  first  publications  which  had  been 
made  upon  alloys  containing  high  percentages  of  elements  other  than 
iron." 

Bradley  Stoughton,  in  his  excellent  work  The  Metallurgy  of  Iron  and 
Steel,  was  good  enough  to  make  sinular  expressions. 

Finally,  Osmond,  the  great  French  scientific  metallurgist,  said  that 
my  discovery  of  manganese  steel  was  of  the  same  order  and  equaled 
in  importance  the  discovery  in  past  centuries  of  the  effect  of  quench- 
ing upon  carbon  steel. 

I  have  referred  to  these  quotations  in  order  to  show  the  truth  of  my 
earlier  remarks  that  when  first  starting  my  labors  in  the  eighties  of  the 
last  century,  the  general  knowledge  available  on  this  subject  was  very 
small  indeed. 
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Definition  of  the  term  "AUoy." — In  this  connection,  I  should  like  to  add 
that  the  conception  which  formerly  ruled  in  regard  to  the  term  "alloy" 
prevails  to  this  day  in  the  mind  of  the  general  public.  An  alloy  to  many 
implies  nothing  more  than  the  addition  of  a  baser  metal  to  a  finer  one,  the 
object  of  the  mixing  of  the  two  tc^ether  being  to  obtain  a  cheaper  com- 
mercial article  and  one  that  will  wear  better.  This,  we  all  know,  is  not 
at  all  the  case  in  regard  to  special  steels  and  special  steel  alloys  or  combi- 
nations of  the  present  day.  The  definition  of  the  word  alloy  might  bet- 
ter be  made  to  read  "the  combining  by  fusion  of  two  or  more  metals  to- 
gether, or  of  a  metal  with  one  or  more  metalloids,  for  various  specific 
purposes." 

MelaUurgy  in  the  Middle  of  Last  Century. — A  most  valuable  work  was 
issued  in  1867,  Kohn's  Iron  and  Steel  Manufacture,  the  best  of  its  kind  for 
almost  a  generation,  and  for  the  origin  of  which  we  have  largely  to  thank 
those  who  have  given  us  the  modtirn  and  most  valuable  technical  journal 
known  aa  EngineeriTig.  This  served  as  a  text-book  for  over  20  years  and 
now  remains  of  much  historical  interest.  This  book  gave  among  its  270 
pages  not  more  than  about  half  a  dozen  references  to  metallurgical  papers. 
How  little  this  seems  when  compared  with  the  special  literature  now 
available!  Take,  for  example,  the  well-filled  Joumala  of  the  Iron  and 
Steel  Institute,  containing  as  they  do  annually  about  1,000  pages  of 
originfd  matter,  being  the  reproduction  of  about  30  papers  with  the  dis- 
cussions thereon,  and  about  500  pages  more  of  notes  showing  the  progress 
made  in  the  home  and  foreign  iron  and  steel  industries;  they  afford  an 
illustration  of  the  huge  step  forward  which  has  been  made  in  this  direc- 
tion since  the  "sixties."  .  The  Joumala  of  this  Institute,  devoted  as  they 
are  to  ferrous  metallui^y,  have  now  entered  upon  their  eighty-eighth 
volume,  besides  which  there  have  been  issued  from  time  to  time  a  number 
of  extra  volumes  devoted  entirely  to  the  reproduction  of  the  Carn^e 
Scholarship  memoirs.  The  Iron  and  Steel  Institute  had  small  begin- 
lui^,  but  it  has  developed  into  a  most  powerful  body,  and  one  whose  in- 
fluence is  felt  the  world  over.  To  its  able  Secretaries,  J.  Stephen  Jeans 
in  the  past,  ^ow  gone  from  us,  and  O.  C.  Lloyd  to-day,  the  metallurgical 
world  is  greatly  indebted. 

Carnegie  Scholarships. — I  would  specially  like  to  remind  the  members 
of  this  society  that  a  number  of  Carnegie  scholarships  are  yearly  granted 
by  the  Council  of  the  Iron  and  Steel  Institute.  While  the  applications 
for  these  scholarships  are  numeroi^,  it  is  to  be  hoped  that  our  younger 
members  will  not  fail  to  come  forward  in  still  larger  numbers  to  try  and 
avail  themselves  of  the  privileges  to  be  obtained  under  these  scholar- 
ships. Mr.  Carn^e's  munificence  has  proved  of  the  highest  benefit. 
It  must  be  a  great  satisfaction  to  him  to  know  that  his  generosity  has 
proved  of  advfmtage  to  so  many  of  our  younger  members  in  the  pro- 
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fession  of  metallurgy,  both  in  this  country,  Great  Britain,  and  OD  the 
Continent. 

The  Past  Work  of  our  Institute. — Our  own  society,  the  American  In- 
stitute of  Minii^  Engineers,  has  done  splendid  work  in  the  past.  I 
understand  that  no  less  than  47  volumes  of  the  Transaiiions  of  our 
Institute  have  been  issued  from  the  year  1871  to  1913  inclusive.  The 
membership  roll  now  amounts  to  no  less  than  1,200. 

Who  can  forget  the  great  meetings  in  New  York,  Philadelphia, 
Pittsburg,  Chicf^o  and  elsewhere,  during  the  year  1890,  when  you  wel- 
comed the  Iron  and  Steel  Institute,  presided  over  as  it  so  ably  was  by 
Sir  James  Kitson,  afterward  Lord  Airedale;  also  the  results  of  the  wonder- 
ful International  Congress  in  Chicago  in  1893,  pioneered  and  arranged 
by  this  Institute,  covering  as  it  so  fully  did  our  branch  of  science,  metal- 
lurgy. 

The  fraternal  feeling  which  has  so  long  existed  between  metallurgists 
of  the  two  countries  was  also  shown  in  the  historic  gathering  of  the  two 
metallurgical  societies  of  America  and  England  at  the  memorable  Guild- 
hall Banquet  during  my  Presidency  of  the  Iron  and  Steel  Institute  in 
1906.  The  many  expressions  of  good  will  which  were  then  exchanged 
added  to  this  feeling. 

This  also  brings  back  the  echoes  of  a  similar  and  equally  interesting 
gathering  of  the  two  societies  in  the  year  1890  so  ably  addressed  as  it 
was,  as  those  present  well  remember,  by  your  great  General  Sherman, 
whose  words  of  encouragement  to  the  Anglo-Saxon  race  to  press  on  in 
the  field  of  progress,  and  his  offer  of  help  to  us  on  the  other  side,  if 
necessity  demanded,  I  shall  never  forget. 

The  Good  Feeling  between  Great  Britain  and  the  United  Staiea. — During 
this  and  next  year,  as  you  are  probably  aware,  there  is  to  be  the  cele- 
bration of  the  One  Hundred  Years  of  Peace  between  the  great  English- 
speaking  nations  of  Great  Britain  and  the  United  States,  May  the 
good  feelii^  ever  continue  to  grow  as  the  years  roll  on.  Each  countrj- 
is  working  for  freedom  of  thought  and  for  the  gradual  uplifting  of  the 
masses  to  a  position  of  greater  comfort.  While  the  sea  may  divide  us, 
and  while  from  time  to  time  inevitable  little  differences  of  opinion, 
possibly  competition  between  each  other,  may  arise,  these  are  but  passing 
clouds.  Among  other  things,  you  may  send  and  flood  us  with  motor 
cars;  we  may  occasionally  send  you  products  which  appear  to  compete 
with  those  of  your  own  makers,  but  competition  is  good  for  both  of  us. 
Some  day  perhaps  we  may  be  united  in  one  great  and  common  bond  of 
Anglo-Saxon  brotherhood. 

Steel  Alloy  Research. — As  regards  steel  alloy  research  apart  from 
carbon  steel — though  even  the  latter  might  also  be  included,  as  so  com- 
paratively little  was  known  concerning  it  but  50  years  ago — after  care- 
fully looking  through  the  pages  of  Kohn's  book  above  referred  to,  I  can 
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find  in  it  but  very  little  evidence  of  work  having  been  done  in  this  direc- 
tion. I  have  specially  selected  this  book,  as  a  startii^  point  as  it  were, 
because  it  represented  at  the  time  and  for  many  years  after  its  publi- 
cation, in  1867,  a  very  complete  illustration  of  the  practical  side  of 
thought  which  then  prevailed.  At  that  period,  no  one  appeared  to  have 
given  very  much  thought  to  the  effect  which  numerous  elements  can  have 
upon  iron  and  to  the  possibilities  in  store  for  an  alloy  obtained  by  com- 
bining them  with  iron.  In  its  270  pages,  forming  a  very  complete  treatise 
on  siderurgy  and  mechanics,  I  cannot  find  a  glimmering  of  that  enor- 
mously important  development  which  was  to  be  due  to  alloy  steels. 

I  use  these  last  words  advisedly  to  depict  the  situation  then  existing 
compared  with  what  obtains  at  the  present  day;  and  as  I  have  already 
pointed  out,  as  further  illustrating  the  point,  taking  one  branch  of  pro- 
gress alone,  the  manufacture  of  a  motor  cm-,  if  you  take  away  special 
alloy  steels  that  manufacture  becomes  an  impossibility.  Further,  with- 
out special  steels,  our  battleships  would  still  be  provided  with  a  protective 
covering  of  a  quality  only  equal  in  resistance  to  that  of  the  first  armor- 
plated  ship,  "La  Gloire,"  and  would  be,  comparatively  also,  quite  as 
ineffective  as  the  latter  as  far  as  offensive  power  is  concerned;  but  even 
this  great  advance  of  iron  plates  only  occurred  about  50  years  ago. 

FcTTo-Manganese. — Kohn  in  his  excellent  article  devoted  to  the  sub- 
ject of  ferro-manganese,  a  product  of  such  great  importance  to  the  world's 
steel  makers,  does  say  that ' '  steel  makers  are  now  entirely  dependent  upon 
spiegeleisen,  which  gives  good  results,  but  they  recognize  the  want  of  a 
richer  manganese  alloy,  and  this  will  probably  make  itself  felt  all  the  more 
when  the  attention  of  Bessemer  steel  makers  is  more  largely  turned  to  the 
manufacture  of  armor-plates."  But,  in  thus  speaking  of  a  "richer  man- 
ganese alloy,"  Kohn  had  evidently  in  mind  the  action  of  manganese  in  the 
carrying  out  of  the  Bessemer  process.  He  was  thinking  of  the  solubility 
of  ferrous  oxide  in  the  bath  and  its  attendant  disadvantage,  namely,  that 
of  yielding  a  metal  saturated  with  the  oxide,  a  disadvantage  which  is  done 
away  with  by  using  manganous  iron,  the  manganese  reducing  the  oxide 
when  it  remains  unreduced  by  the  silicon,  the  carbon,  or  the  phosphorus 
and  protecting  the  metal  against  a  saturation  of  ferrous  oxide.  Kohn 's 
remark  on  this  point  was  written  in  1867.  That  is  hardly  50  years  ago, 
and  it  was  not  until  some  20  years  later,  by  the  combination  of  scientific 
research  with  every-day  work  practice,  that  the  "  richer  manganese  alloy  " 
he  referred  to  was  developed  in  the  shape  of  ferro-manganese.  I  well  re- 
member that  in  the  year  1886  down  in  Sheffield  we  paid  as  much  as  £120 
per  ton  for  ferro-manganese  of  quite  indifferent  quality,  judged  on  the 
standard  of  to-day,  containing  about  60  per  cent,  of  manganese,  and  were 
glad  to  get  even  that.  The  following  represents  the  analyses  of  two 
lots  of  ferro-manganese  with  which  some  of  my  early  experiments 
were  carried  out  in  the  year  1883: 
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Terra  Noir  Co.  (fVance) 6.0     0,66  I I  0.123  i  81.60 

Pyle  &  Blaina  Co.  (South  Wales) fi.8     0.67  j  0.02  1  0.23       81.60 

\_ I       ^       i 

Since  the  above  date  the  quality  of  feiro^naaganeee  has  been  much  improved,  and  Uw 
modem  product  would  contain*  leea  phoephonia  and  leaa  silicon. 

Science  and  Practice  Working  Together. — To-day  feTro-mangaQese  of 
very  high  quality,  containing  from  80  to  84  per  cent,  of  manganese,  can 
be  obtained  at  under  £10  per  ton.  This  speaks  volumes  in  favor  of  what 
science  and  the  mutual  working  together  of  science  and  practice  can 
achieve.  And  in  this  conaection,  I  cannot  help  referring  again  to  the  ad- 
mirable way  in  which  the  leading  metallurgical  society,  the  Iron  and  Steel 
Institute,  has  forwarded  this  combination  of  the  two,  not  in  Great  Brit- 
ain alone,  but  universally  also.  As  was  pointed  out  at  the  Spring  Meet- 
ing in  1912,  by  A.  Greiner,  the  able  President-elect  of  that  Institute, 
"twenty-four  nationalities  were  represented  within  it,  from  which  he 
thought  it  would  be  ^reed  that  science  recognized  no  boundaries  of 
nationality  ot  of  race.  They  worked  together  not  only  for  the  good  of 
the  particular  country  to  which  they  belonged,  but  for  the  advancement 
of  scientific  knowledge  in  the  world  at  large." 

Incidentally,  as  showing  the  wonderful  advances  which  the  studies  of 
the  metallurgical  engineer  have  made  possible,  the  following  interesting 
fact  may  be  referred  to.  Although  an  astonishing  statement,  it  can  be 
accepted  as  correct,  as  the  figures  were  given  to  me  by  one  of  your  ex- 
perts: namely,  that  assuming  the  cost  of  pig  iron  in  America  is  about  $14 
per  ton  at  the  furnace,  and  excluding  certain  charges  of  comparatively 
small  nature,  then  on  this  figure  of  $14  per  ton,  the  cost  of  labor  is  only 
about  36c.  This  result  is  obtained  largely  by  the  ingenuity  and  skill  of 
the  metallurgical  engineer. 

To  put  it  another  way,  the  approximate  cost  per  ton  of  pig  iron  has 
been  estimated  as  follows: 

Coke $2.00 

Ore 5.00 

Limestone 1.00 

Aasembling  coke,  ore,  limestone 5.00 

Supplies _"_■** 

$13.60 
This  leaves  only  36c.  to  40c.  per  ton  to  pay  the  bill  for  the  human  labor 
employed  ia  the  production  of  one  of  the  first  necessities  of  life,  "p^  iron," 
including  in  this  term  the  product  of  the  blast  furnace. 

Development  of  Research  J>wring  the  Last  Fifty  Years. — In  r^ard  to  the 
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alloys  of  iron  with  other  elements  than  carbon,  this  field  of  research,  the 
development  of  which  I  claim  without  fear  of  contradiction  to  be  one  of 
the  moat  marvelous  of  the  many  extraordinary  developments  of  the  last 
50  years,  was  indeed  a  narrow  one  even  so  near  our  time  as  the  sixties  and 
seventies  of  the  last  century.  As  showing  how  scanty  was  the  metallur- 
gicfd  literature  of  those  days,  even  as  late  as  1870,  Sir  William  Crookes, 
F.  R.  S.,*^  who  was  joint  author  with  Dr.  Ernst  Rohrig  of  an  adaptation 
of  Professor  Kerl's  Practical  Treatise  on  Metallurgy,  says  (vol.  iii,  p.  7) : 
"There  are  very  few  published  works  on  the  manufacture  of  steel;  the 
following  treatises  are  those  most  worthy  of  mention: 

Dauskue,  Practiscties  Handbucb  der  Stahlbereitung;  deutsch  tod  Hartmann,  1839. 
OrxsvANM,  Die  Bereitung  uud  Verarbeitung  dee  Stahla;  deutech  von  Hartmann, 

2  Auflage,  1856. 
Gbuitbb  et  Lan,  "Eut  pr^nt  de  la  M^tallurgie  du  Fer  ea  Angleterre;  Paria,  1862, 
JuixiBN,  Handbuch  der  EiBenhOttenkunde;  deutsch  von  Bartmatui,  1861. 
Titnker's  AbhandluDgen  in  Leoben,  Jahrbuch. 
ScEArHADTL's  Artikel  uber  Stahl,  in  Bd.  XV  von  Preehtl's  technologischer  Ency- 

klopSdie. 
Landbut,  Traite  de  I'ader;  Paris,  1859. 
Dessotb,  Etudea  thforetiqiiefl,  etc.;  Paris,  1859." 

It  is  curious  to  note  that  there  is  no  reference  here  to  Dr.  Percy's  Metal- 
lurgy; on  the  other  hand,  perhaps  it  was  not  then  very  well  known.  Con- 
trast this  with  the  admu-able  and  very  full  metallurgical  literature 
avulable  to-day ! 

Effed  of  Carbon  upon  Iron. — An  extract  from  the  Practical  Treatise  on 
Metallurgy  in  question  reads  as  follows.  It  deals,  as  will  be  seen,  with 
iron  and  carbon  ^loys  exclusively.  The  extract  is  from  vol.  iii  ("Steel, 
Fuel,  Supplement"),  pp.  21,  22: 

"Ever  since  the  Swedish  chemist,  Bergmann,  in  the  second  half  of  last  century 
called  attention  to  the  part  which  carbon  plays  at  the  formation  of  difierent  kinds  of 
iron,  steel  has  been  considered  as  a  combination  of  iron  with,  in  certain  limits,  a  var- 
iable proportion  of  carbon,  which  proportion,  and  its  more  or  leas  uniform  distribution, 
influences  the  quality  of  the  steel;  this  view  is  still  very  frequently  entertained. 

"Accepting  this  view,  Gurlt  [B.  «.  h.  Ztg.,  1860,  p.  502;  Berggeiat,  1860,  No.  19] 
considers  steel  as  a  combination  of  Fe>C  +  Fe;  Tunner  [Leob.  Jahrb.,  1861,  x,  480] 
as  a  combination  of  Fe<C  +  Fe;  Lohage  [ZeilxckTifl  dea  Vereines  deuticher  /n^enieure, 
1857,  p.  268;  B.  u.  h.  Ztg.,  p.  48;  Berggewt,  1858,  p.  14]  as  certain  combinations  of 
Mibon  (FeiiC,  FeioC,  FeiiC)  consisting  of  tetrahedral  molecules  which  admit  of 
hardening,  in  opposition  to  compounds  forming  octahedral  molecules  which  cannot  be 


"Mayrhofer   [Leob,  Jahrb.,  1861,  z,  437]  has  suggested  the  following  chemical 
formuls  for  different  kinds  of  steel; 

'  Sir  William  Crookes,  one  of  the  most  marvelous  men  of  the  age,  now  occupies 
the  position  of  Prcaident  of  the  Royal  Society. 
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Form- 
ula 

Fe      C.  1    ^:   1  ^; 

Hard  natural  and  cast-steel 

Fe£98.16!l.84g6.fi5|3.45 

( 

Fe,c'98,42 

1.58  97.032  97 

Cftflt-  and  shear-stee],  not  fit  for  springs  and  wire  ow-  ) 

Fe^  98,61 

1.39  97,39  2-61 

ing  to  its  brittlenesB                                                  | 

Fe^  98.77 

1.23  97,672.33 

[ 

Fe.oC  88.89 

1.1197,902,10 

Fe,,C98,99'l.0198.09|l.91 

FeiiC  99.06  0-94  98,25  1.75 

Ca«t- and  shear-steel,  elastic  and  fit  for  springs  and 

Fe.,C99.14|0,86;98.381.62 

FeMC99.200.80  98.49'l.51 

wure 

Foi,C'99. 25,0. 7598, 591-41 

1  Fe„C99, 300, 70:98,68,1.32 

Fe„C99-340,66  98.76jl,24 

Soft  puddled  Bteel,  fine-rained  iron 

FeiiC  99. 380. 62:98. 82  1.18 

1                     1           ! 

Compounds  below  Fei^  can  no  longer  be  hardened,  and  pass  into  wrought^ron. 
According  to  Mayrhofer,  welded  Brescia  steel  of  the  composition  Fei^  is  more  elastic 
than  English  casUsteel  of  the  composition  FenC;  some  English  eteel  for  clock  springs 
has  the  compoeition  of  FenC  or  FenC,  andsomeof  this  steel  that  from  Fei,C  to  FenC. 
"  .  .  .  .  .'  Fuchs  [Dingl.,  Bd.  158,  p.  2O9;1860,  pp.  43,  124lseemedtobe 
of  the  same  opinion,  and  he  considered  the  different  crystallisation  as  the  essential 
difference  between  steel,  wrought-iron,  and  cast-iron.  He  considered  wrought^ron  aa 
an  aggregation  of  cubic  crystals,  cast-iron  as  an  aggregation  of  rbombohedral  crystals, 
and  steel  as  standing  between  the  two;  on  hardening  the  steel,  the  cubes  were  trans- 
formed into  rhombohedrons,  and  on  slowly  cooling  the  reverse  took  place," 

I  have  quoted  this  somewhat  fully  because  the  opiuions  expressed  are 
not  a  little  remarkable.  It  will  be  seen  that  the  chemist  of  that  day  had 
formulated  theories  which  at  any  rate  to  some  extent  were  running  in  the 
directioa  in  which  modern  research  seems  to  be  tending  with  r^ard  to 
combinations  of  iron  and  carbon.  It  seems  to  me,  too,  that  we  have  not 
followed  up  this  particular  direction  of  research  as  much  as  might  have 
been  the  case.  There  is  a  rich  and  profitable  field  for  the  younger  chemist 
if  he  will  devote  bis  attention  to  this  particular  branch  of  chemical 
research. 

Prize  for  Research  Work. — In  fact,  to  show  the  importance  I  attach 
to  this  subject,  I  have  suggested  to  our  Secretary,  Bradley  Stougbton, 
that  I  should  be  glad  to  oEFer  a  prize  of  $1,000  for  research.  While  it  is 
naturally  somewhat  difficult  to  at  once  define  the  scope  of  such  research, 
what  has  been  running  in  my  mind  is  as  follows:  The  best  methods 
of  determining  the  forms  of  carbon  in  steel  or  iron,  including  those  in  iron 
alloys.    In  fact,  a  continuation  of  such  work  as  has  in  the  past  been 

*  The  formula  for  the  different  percentages  of  iron  and  carboi.  as  now  worked  out 
do  not  seem  to  agree  with  the  figures  given  by  Mayrhofer.  The  columns  headed  by  an 
asterisk  (')  show  the  relative  percentages  as  we  work  them  out  to-day.  ■ 

logic 
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carried  out  by  Jullien,  Abel,  Muller,  Ledebur,  Arnold,  Campbell,  Sterry 
Hunt,  Hogg,  Parry,  and  others.  In  a  generic  way,  we  now  talk  of  car- 
bides, sub-carbidea,  double  caibidea,  special  carbides,  and  other  com- 
binations. Cannot  these  be  defined  more  accurately?  Are  there  other 
new  forma;  if  so,  can  these  be  separated  and  thier  characteristics  ob- 
tained? It  has  been  stated  that  the  carbon  compounds  now  definitely 
known  number  over  80,000.  It  would  appear,  therefore,  that  there  ia 
much  room  for  valuable  and  useful  research  with  the  object  of  increasing 
our  knowledge  of  the  combinations  of  carbon  with  iron. 

Special  Alloy  Steele. — Turning  now  to  the  question  of  research  work 
carried  out  in  connection  with  alloys  of  iron  with  other  elements,  in  order 
to  sbow  the  small  amount  of  attention  devoted  to  alloy  steels  by  Crookes 
and  R6hrig,  this  now  so  vastly  important  side  of  metallurgy  was  disposed 
of  in  only  a  few  pages,  under  the  heading  of  "The  Influence  of  Foreign 
Mixtures  on  the  Proportions  of  Steel." 

In  Kohn'a  book,  which,  as  stated  above,  I  have  taken  as  my  starting 
point,  I  can  only  find  among  its  270  pages  one  reference  to  a  paper  on  the 
subject  of  the  special  alloy  steels  with  which  I  am  dealing,  namely,  the 
one  by  Thomas  E,  Vickers  "  On  the  Strength  of  Steel  Containing  Different 
Proportions  of  Carbon."  This  I  have  ^ways  looked  upon  as  being  one 
of  the  first  papers  that  attempted  to  deal  with  the  varying  influence  which 
a  met^,  or  a  metalloid,  has  upon  iron.  It  was  written  in  1863  by  Mr. 
Vickers,  who,  happily,  is  still  with  us.  We  are  deeply  indebted  to  him 
for  his  very  important  observations,  as  this  paper  was  one  of  the  fore- 
runners in  the  development  of  this  important  branch  of  metallurgy,  from 
which  the  world  to-day  is  deriving  so  much  benefit. 

Effect  of  Carbon  upon  Iron. — In  the  matter  of  alloys  of  iron  with  other 
elements,  the  fact  should  not  be  lost  sight  of  that  carbon  still  pre-emi- 
nently holds  a  position  of  supreme  importance,  for  the  presence  of  carbon 
even  in  special  alloys  steel  is,  with  some  few  exceptions,  absolutely  neces- 
sary. Take  as  an  illustration  high-speed  tool  steel,  which  has  led  to 
such  an  enormous  saving  in  machine-shop  practice,  with  consequent 
benefit  as  regards  both  quicker  and  greater  output,  combined  with 
greater  precision  of  execution,  while  the  carbon  present  need  not  be  rel- 
atively high,  yet  there  must  be  sufficient  carbon  present,  otherwise  the 
cutting  properties  of  the  steel  in  question  would  not  be  attained.  The 
explanation  is  probably  as  follows:  In  high-speed  tool  steel  of  mod- 
em composition  there  is  usually  about  16  to  20  per  cent,  of  tungsten, 
2  to  4  per  cent,  of  chromium,  and  about  0.70  per  cent,  of  carbon.  Be- 
fore treatment  of  the  steel,  the  carbon  exists  in  the  form  of  carbide 
carbon  and^hardenii^  carbon,  as  defined  by  Ledebur. 
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Hardening  carbon 0.18  per  cent. 

Carbide  carbon , 0.56  per  cent. 

Total  carbon 0.74  per  cent. 

After  treatment,  and  with  the  nose  of  the  tool  in  the  condition  required 
for  mechanical  work,  we  find  the  carbon  content  to  have  been  transformed 
into 

Hardening  carbon 0.60  per  cent. 

Carbide  carbon 0. 14  per  cent. 

Total  carbon 0,74  per  cent. 

Therefore,  whea  we  talk  about  the  wonderful  effect  of  the  addition  of 
elements  other  than  carbon  to  iron,  we  must  not  fail  to  recognize  that 
many,  if  not  all,  the  new  properties  acquired  by  the  steel  are  due  entirely 
to  the  marvelous  change  that  the  treatment  has  wrought  in  the  form  of 
the  carbon  present;  that  is,  its  transformation  from  the  soft,  or  carbide, 
carbon  into  what  is  believed  to  be  the  hardening,  or  bardenite,  form  of 
carbon;  that  is,  the  alloy  elements  which  enable  the  hardening  carbon 
— or  call  it  what  you  will — ^to  retain  its  hard  cutting  properties  in  the 
steel.  While  a  similar  change  occurs  by  heat-treating  any  low-carbon 
steel— that  is  to  say,  carbon  steel  without  other  modifying  elements 
present,  or  present  in  very  small  percentages  only — the  chromium  and 
tungsten  in  high-speed  alloy  steel  maintain,  or  assist  in  maintaining, 
the  hardenite  present  in  that  form,  so  that  the  cutting  edge  does  not 
lose  its  hardness  even  when  quite  a  considerable  d^ree  of  heat  caused 
by  frictional  contact  is  reached,  which  would  entirely  soften  ordinary 
carbon  steel. 

The  Aidhor'a  Experiments  on  Tool  Steel. — These  remarks  of  mine  are 
based  on  experiments  which  I  carried  out  as  far  back  as  1903  with  two 
grades  of  steel.  The  results  of  these  experiments  have  not  until  now  been 
published,  so  I  should  like  to  draw  your  attention  specially  to  them,  for 
the  reason  that  they  illustrate  the  very  great  importance  of  the  metalloid 
carbon. 

One  of  the  alloys  I  made  and  experimented  upon  had  the  following 
composition: 

C.        Si.       S.  P.       Mn.      Cr.        W. 

0.74    0.10    0.04    0.03    0.28    2.84    18.00 

The  physical  characteristics  of  this  material  (No.  73)  were  as  shown 
in  the  accompanying  Tables  II,  III,  and  IV.  It  was  tested  in  two  con- 
ditions: (a)  annealed;  (6)  air  hardened  at  white  heat. 

Heating  and  Cooling  Curves. — The  heating  and  cooling  curves  repre- 
sented by  Fig.  1  were  taken  upon  steel  No.  1,908D,  of  similar  composition 
to  that  dealt  with  in  the  experiment  described.  The  qualities  of  the  two 
materials  are  practically  the  same. 
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Pig.  1. — Heating  and  Coolino  Cdrvbs. 
Taken  with  SaUdin  DifTetential  Galvanometer. 


Fio.  2, — Heating  and  Coolino  Ccrvbs. 
Taken  by  "  Inverse  Kate"  method. 
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Fig.  2  represents  heating  and  cooling  curves  of  steel  No.  73J. 

EUdrical  Qualities. — As  regards  the  electrical  qualities  of  this  material, 
these  are  as  follows.  The  permeability  and  retentivity  or  coercivity  were 
determined  by  the  Electrical  Department  of  the  Hecla  Works  Laboratory. 

Tests  were  carried  out  on  the  steel  No.  1,908D,  the  following  results 
being  obtained: 


Table  V 

Treatment 

Electrical  Resistance 
Miorohma  Bsr  Cubic  Centimeter 

"Aa  forged" 
775°  furnace 
1,200' air 

40.79 
31.37 
66.53 

Magnetic  tests  on  the  same  material  are  shown  in  Figs.  3,  4,  and  5. 

It  will  be  seen  from  the  heating  and  cooling  diagrams  that  the  mag- 
netism probably  disappears  at  a  temperature  of  about  800°  C.  on  heating 
and  750°  to  735°  C.  on  cooling;  that  La,  in  the  Ar  1-2-3  point. 

Tool  Steel  of  Lower  Carbon  Percentage.— With  a  view  to  ascertain  the 
effect  of  a  lower  percentage  of  carbon  upon  the  alloy,  the  steel  marked 
No.  73J  was  also  prepared,  having  the  following  composition: 

Mark     C.        Bi.        8.         P.       Mo.      Cr.        W. 
73J     0.36     O.IO     0.03     0.03     0.33     2.82     18.96 

It  will  be  observed  that  this  steel,  containing  0,35  per  cent,  of  carbon, 
was  thus  of  the  same  composition  as  regards  the  "determining"  ele- 
ments; that  is  to  say,  those  elements  which  are  known  as  the  special 
elements  entering  in  the  composition  of  speed  tool  steels,  but  the  carbon 
percentage  say  about  half.  It  was  heat-treated  in  a  manner  similar 
to  that  carried  out  upon  the  specimen  marked  No.  73.  It  was,  however, 
found  to  be  quite  useless  for  tools,  being  soft;  it  would  not  carry  any 
cutting  edge.  There  was  practically  no  hardenite,  or  hardening  car- 
bon, present  in  this  steel;  the  carbon  present  was  almost  entirely  in  the 
form  of  carbide  carbon. 

On  the  other  hand,  the  steel  No.  73,  after  heating  to  about  1,100° 
C.  and  cooling  in  air,  was  found  to  contain  no  less  than  0.60  per  cent,  of 
hardenite,  or  hardening  carbon,  a  circumstance  which  fully  explains  its 
valuable  cutting  properties.  Table  VI,  which  refers  to  this  steel  No. 
73,  will  be  found  interesting. 

It  will  be  seen  from  the  curves  in  Fig.  2  that  this  material  cannot  be 
properly  self-hardened.     This  is  very  remarkable  in  view  of  the  fact 
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Table  VI 

Mark          Before  Treatment             After  Treatment  Ball  Hardness 

Carbide     Hardening        Carbide     Hardening  Before             After 

Carbon       Carbon            Carbon       Carbon  Treatment       IVeatment 

73             0.56             0.18                0.14            0.60  256              565/760 

that  it  contains  nearly  19  per  cent,  of  tungsten  and  nearly  3  per  cent,  of 
chromium,  that  is,  nearly  22  per  cent,  of  special  elements,  leaving  only 
78  per  cent,  of  iron.  The  reduction  from  about  0,70  per  cent,  carbon 
to  0.35  per  cent,  has  made  it  impossible  for  the  material  to  become 
bard. 

It  will  be  noticed  that  this  ateel  No.  73J,  containing  0.35  per  cent, 
carbon,  possesses  in  the  forged  condition  a  ball  hardness  of  202;  after 
cooling  from  885°  C.  its  hardness  is  184;  after  cooling  from  1,140°,  also 
1,160°  C,  its  hardness  is  161.  In  other  words,  there  is  no  increase  in 
hardness. 

We  have  thus  in  the  above  a  very  clear  proof  of  the  correct  value 
and  action  of  carbon.  From  this  it  will  be  seen  that  the  same  element, 
carbon,  which  is  so  important  in  carbon  steels  and  in  other  special  steels, 
is  of  equal  importance  in  the  modern  highspeed  tool  steels.  If  you 
leave  carbon  out  of  the  latter  the  material  is  practically  useless  for  the 
purpose  in  view.  There  could  not  be  a  stronger  evidence  of  the  im- 
portance of  this  element  carbon,  acting  as  it  does  in  the  presence  of  no 
less  than  three  other  important  constituents:  namely,  manganese, 
chromium,  and  tungsten. 

As  will  have  been  noticed,  the  second  specimen,  steel  No.  73J,  con- 
tained high  percentages  erf  chromium  and  tungsten,  nearly  22  per  cent,  of 
these  two  elements  together  (2.83  and  18.95  per  cent,  respectively),  but 
the  carbon  content  had  been  reduced  to  0.35  per  cent.  This  percentage 
irf  carbon  in  itself  may  be  considered  fairly  high,  and  one  might  have  ex- 
pected that  imder  the  influence  of  the  high  percentages  of  chromium  and 
tungsten  present  there  would  have  been  some  hardening  effect  upon  a 
tool  made  from  a  steel  of  such  a  composition.  When  cooled  in  an  air  blast 
from  white  heat  (thb  treatment  being  the  same  as  that  carried  out  upon 
the  specimen  No.  73),  also  quenched  in  water  from  a  bright  red  or  a  white 
heat,  the  tool  made  of  the  steel  No.  73J  in  each  case  remained  quite  soft. 
This  illustrates  in  a  marvelous  way,  as  I  have  said,  the  influence  of  car- 
bon. In  other  words,  the  effect  of  this  lower  percentage  of  carbon,  as 
compared  with  the  proper  percentage  for  high-speed  tool  steel,  is  much  the 
same  at  this  low  figure  as  the  effect  that  would  be  obtained  were  there  no 
chromium  or  tungsten  present.  After  quenching  there  was  no  hardenii^ 
carbon  or  hardenite  formed.  On  the  other  hand,  by  increasing  the  car- 
bon to  the  not  very  high  point  (rf  0.74  per  cent.,  (specimen  No.  73),  then 
the  remarkable  prc^erties  of  high-speed  tool  steel  were  obtained. 

The  physical  characteristics  of  the  steel  No.  73J  were  as  follows:  , 
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This  steel  No.  73J  showed  an  extremely  fine  crystalline  fracture,  about 
20  per  cent,  being  finely  granular.  The  ball  hardness  of  about  217  was 
obtained  whether  in  its  original  condition  (700°  C.  furnace)  or  in  its  heat- 
treated  condition  (heated  to  about  1,100°  C,  cooled  in  air,  then  reheated 
to  780°  C.  and  cooled  slowly  in  furnace), 

I  have  specially  devoted  considerable  attention  to  this  particular 
steel  because  it  illustrates  in  a  clear  and  decisive  manner  the  very  great 
importance  of  the  influence  of  carbon  in  determining  hardness. 

The  work  carried  out  by  Abel,  Muller,  Arnold,  and  others  with  r^;ard 
to  the  forms  of  carbon  existing  in  steel  created  a  great  impression  upon 
me,  and  it  is  largely  their  conclusions  which  have  made  me  a  carbonist 
rather  than  an  allotropist. 

The  Great  Work  of  Ledebur. — The  late  lamented  Dr.  A.  Ledebur,  of 
Freiberg,  cast  more  light  upon  this  dark  place  in  metallurgy — namely, 
the  relationship  of  iron  and  carbon — than  any  one  with  whom  I  have  been 
acquainted.  So  important  do  I  consider  this  work  that  I  present  in 
Table  IX  a  list  of  his  papers  in  case  reference  is  desired  to  be  made  by 
any  of  those  who  feel  interested  in  the  subject,  especially  as  some  d 

Table  IX. — L4at    of  Papers  by    Dr.  A.  Ledebur    Relative  to 
Iron   a-nd  Carbon 
Title.  Source  Date 

Some  New  Ezperimentsand  Theories  on  tbe  Various     Translated    from        June,  1886 

Forms  of  CarboD  observed  in  Iron  &iid  Steel.  SlaKl  und  Bi»^i 

On  the  Nomenclature  of  the  Various  Fonna  of  Car-    Translated     from      June,  1888 

bon  oecurring  in  Iron.  Stahl  und  EUen 

Sur  la  Denomination  des  Differentea  Formea  du     Remt  tU  Sept.,  1893 

Carbone  dana  lea  Fets  Carbures.  MHaUurgie 

Nouvelles  Recherchea  aur  la  Teneur  en  Carbone  dee    Revm  de  Sept.,  1893 

Feis  Carbures.  MHaUwgU 

On  the  Processes  Enacted  in  the  HardeniiiK  of  Steel.    Translated   from       Oct.,  1895 

Stahl  und  EUen 
Various  Forms  of  Carbon  and  Hardening  of  Steel.      Translated  from       June,  1897 

SteM  und  Ewen 
Manual  of  the  Metallurgy  of  Iron  (4th  Revised 

Edition,  First  Part) 
Annealing  and  Change  in  the  Forms  of  Carbon  by      Reprint  from  1807 

Heating.  Slahl    raid     EUen 

No.  15. 
Cementation  Process. 

On  the  Modifications  of  Carbon  in  Iron.  Iron  and  Steel  Insti- 

tute. 
On  the  Forms  of  Iron  and  Carbon  present  in  Mal- 
leable Iron,  Steel  and  White  Pig  Iron. 
Determination  of  Carbide  Carbon.  Translation    from 

Guide    Book   for 
Sleel    Works 
.  LohoratorUs. 
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them  are  not  well  known.  I  believe  that  one  of  the  present  members 
of  our  Institute,  Dr.  Allerton  S.  Cushman,  received  bis  early  metallur- 
gical training  under  Ledebur.  It  would  be  of  great  interest  if  Dr. 
Cushman  could  be  persuaded  to  give  some  reminiscences  of  this  most 
remarkable  German  who  did  so  much  for  metallurgy. 

AUotropic  Theory. — As  you  are  all  aware,  bearing  in  view  the  papers 
quite  recently  read  b^ore  the  Iron  and  Steel  Institute,  it  appears  to  me 
to  have  now  been  clearly  proved  that,  as  stroi^ly  indicated  by  my  own 
cajlier  work  many  years  ago,  and  by  that  of  other  experimentalists,  in- 
cluding those  to  whom  I  have  just  referred,  there  is  no  such  form  Chiron  as 
an  adamantine  "beta"  form.  It  is  important  that  this  should  be  made 
widely  known,  because,  now  the  allotropic  theory  has  been  shown  to  be 
untenable,  more  attention  will  be  devoted  to  other  research;  for  example, 
in  the  direction  of  more  fully  determining  the  part  played  by  carbon  in 
that  marvelous  transition  of  the  steel  in  its  present  extreme  8<^taes3  to 
great  hardness;  that  is,  from  say  about  100  Brinell  ball  number  to  600, 
700,  or  even  800,  met  with  when  we  heat  high-carbon  or  other  suitable 
steel  to  a  sufficient  d^ree  and  water-quench  or  otherwise  suddenly  or 
quickly  cool  it. 

The  Author's  Papers  on  AUoys  of  Iron. — The  subject  of  steel  alloys  is 
such  an  important  one  in  all  its  bearings  that  I  thought  it  might  be  found 
interesting,  and  also  useful  for  reference  purposes,  to  trace  back  some  of 
the  work  done  in  this  connection  as  indicated  by  various  research  papers 
which  I  have  had  the  pleasure  of  presenting  to  the  metallui^ical  world 
from  time  to  time  during  the  last  25  years.  These  papers  give  in  chrono- 
logical order  the  hbtory  of  this  particular  branch  of  the  metallurgy  erf 
iron  and  steel.  In  these  papers,  too,  I  trust  full  reference  and  credit 
has  been  given  to  the  splendid  work  done  by  the  scientists  rf  all  nations 
who  have  helped  on  the  good  work,  whether  in  England,  Ajjierica, 
France,  Germany,  Austria,  Belgium,  Sweden,  or  Spain.  As  I  have 
before  said,  not  a  little  credit  should  be  allotted  to  the  early  work  of 
the  Swedish  scientists  for  first  separating  for  our  use  many  of  the  ele- 
ments which  we  are  to-day  using  in  our  special  steel.  It  is  laif^ely  from 
their  work  we  are  to-day  benefitir^  so  greatly. 

Table  X.— Table  Shomng  in  Chronological  Order  the  Various  Papers  and 

Sdeniific  Addresses  by  Ike  Author  of  this  Address,  from  the  Year 

1888  to  the  Present  Time 

Name  of  Institute  Where  Year  of 

No.  Title  Research    was    read,    or  Fublica- 

Press  Reference  tion 

1.  Manganese  Steel  Institution  of  Civil  Engineers        188S 

2.  Some  Newly  Discovered  Properties    Institution  of  Civil  Engineers        1888 
of  Iron  and  Manganese 

3.  On  Manganese  Steel  Iron  and  Steel  Institute  1888 
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Table  X.—CorUinued 

Name  of  Institute  Where  Year  of 

No.  Title  Reeearch    was   read,    or  PubUca- 

Press  Referencea  tioa 

4.  Alloya  of  Iron  and  Silicon  Iron  and  Steel  Institute  1889 

5.  Alloys  of  Iron  and  Silicon  (Abetroct  Britinh  Association  1880 
of  Paper) 

6.  Aluminium  Steel  Iron  and  Steel  Institute  1800 

7.  Alloys  of  Iron  and  Chromium  Iron  and  Steel  Institute  1892 

8.  Notes  on  the  Chicago  Exhibition         Iron  and  Steel  Institute  1893 

9.  Iron  Alloys,  with  special  reference  to    American  Institute  of  Mining  1893 
MoDganeae  Steel                                         Engineers 

10.  Huntsman,  the  Inventor  of  Crucible    Atnerican  Institute  of  Mining        1893 
Steel  Engineers 

11.  Presidential  Address  Sheffield  Society  of  Engineers        1893 

and  Metallurgiste 

12.  The  Early  History  of  Crucible  Steel    Iron  and  Steel  Institute  1894 

13.  The  Results  of  Heat  Treatment  on    Iron  and  Steel  Institute  1894 
Manganese  Steel  and  their  Bearing 

upon  Carbon  St«el 

14.  The  Production  of  Iron  by  a  New    Iron  and  Steel  Institute  1896 

15.  Steel  and  Iron  Alloys  Institution  of  Civil  Engineers  1897 

16.  Foreign  Technical  Progress  Iron  and  Steel  Institute  1897 

17.  Alloys  of  Iron  and  Nickel  Institution  of  Civil  Engineers  1899 

18.  The  Influence  of  Casting  Tempera-  Institution  of  Civil  Engineers  1899 
ture  upon  Steel  ' 

19.  Address  as  Master  Cutler  to  the  Cut-  Sheffield  Press  1899 
lers'  Company 

20.  Address  and  Distribution  of  Prizes  to  Sheffield  Press  1899 
Students  at  Technical  Department  of 

Sheffield  University  CoUege 

21.  On  the  Electrical  Conductivity  and     Royal  Dublin  Society  1900 
Magnetic    Permeability    of   Various 

Alloys  of  Iron* 

22.  Researches  on  the  Electrical  Conduc- 
tivity and  Magnetic  Properties  of 
upwards  of  One  Hundred  different 
Alloys  of  Iron* 

23.  On  the  Magnetic  Properties  of  an    Royal  Dublin  Society  1902 
Extensive  Series  of  Alloys  of  Iron* 

24.  Alloysof  Iron,  Manganese  and  Nickel     Institution  of  Civil  Engineers        1903 
26.  Alloys  of  Iron  and  Tungsten  -  Iron  and  Steel  Inetitute  1903 

26.  Iron  and  Steel  Alloys  Iron  and  SUel  MetalluTgUt  and         1904 

Meti^lographisi 

27.  Researches  on  the  Physical  Properties    Royal  Dublin  Society  1904 
of  an  Extensive  Series  of  Alloys  of 

28.  Magnetic  Alloys  from  Non-Magnetic    British  Association  1904 
Metals 

29.  Production  (4  Magnetic  Alloys  from     Chemical  New»                                1904 
Non-Magnetic  Metals 

11  'Joint  paper  with  others.  _^ 
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Table  X. — ConUnued 

Name  of  Institute  Where       Year  of 
No,  Title  B«seftrch    was    read,   or       Publicv 

PreSH  Reference  lion 

30.  On  the  Effect  of  Liquid  Air  Tempera-    Royal  Society  190* 
turee  on  the  Mechanical  and  other 

I^operties  of  Iron  &nd  itfi  Alloys* 

31.  Seventh  Report  of  ttie  Alloys  Research  Institution     of     Mechanical        1905 
Committee,  On  the  Properties  of  a       Engineers 

Series     of     Iron-Nickel-Manganese- 
Carbon  Alices* 

32.  On  the  Magnetic  Qualities  of  some    Royal  Society  1905 
Alloys  not  containing  Iron* 

33 .  Presidential  Address  Iron  and  Steel  Institute  IW5 

34.  Experiments  relating  to  the  Effect  on    Iron  and  Steel  Institute  1005 
Mechanical  and  other  Properties  of 

Iron   and   its   Alloys   produced   by 
Liquid  Air  Temperatures 

35.  ESet  de  la   Temp6rature   de  I'Air    Congrte     International     des        1905 
liquide  sur  lee  Propri£t&  m^caniques        Minea,  de  la  M6tallurgie,  de 

et  autres  du  Fer  et  de  see  Alliages  la  M^canique  et  de  la  G£o- 

logie  Appliqute  (Section  de 
M^tallurgie) 

36.  "James  Forrest"  Lecture,  on   Un-    Institution  of  Civil  Engineo^        1906 
solved  Problems  in  Metallurgy 

37.  Presidential  Address  Iron andSteellnetitute;  Joint        1906 

meeting     with     American 
Institute  of  Mining   Engi- 

38.  Addreaa    to   Students   at   Columbia  Iron  Af^e                                          1007 
University,  New  York 

39.  The  Magnetic  Properties  of  Iron  and  Institution  of  Electrical  Engi-        1910 
its  Alloys  in  Intense  Fields*  neers 

40.  A  Research  on  the  Hardening  of  Car-  Institution  of  Mechanical            1910 
bon  and  Low  Tungsten  Tool  Steels*  Engineers 

41 .  "Expl^iences  aur  la  Sfgrfgation  dans  Revue  de  Mitallurgie                          1910 
lee  lingots  d'Acicr" 

42.  "LeaProgresdela  Maallurgie"  LeGinUCiva                                  1910 

43.  Address  at  Sheffield  University  on  Sheffield  Press                                 1911 
the  Conferment  of  Honorary  Degree 

of  Doctor  of  Metallurgy  (D.  Met.) 

44.  Sinhalese  Iron  and  Steel  of  Ancient    Royal  Society  1011 
Origin 

45.  Sinhalese  Iron  and  Steel  of  Ancient       Iron  and  Steel  Institute  1911 

46.  Abstract   from   paper  on   Sinhalese     Nalwe  1912 
Iron  and  Steel  of  Ancient  Origin 

47.  Abstract  from   paper  on  Sinhalese    Royal  Society  1912 
Iron  and  Steel  of  Ancient  Origin,  with 

Addendum  regarding  Delhi  Pillar 


*  Joint  paper  with  others. 
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Tablb  X. — Continued 

Name  of  Institute  Where       Year  of 
No.  Title  Research    was    read,    or       Publica- 

Presa  Refcrenoe  tion 

48-  Analysis  of  the  Iron   Pillar,   made  ETmineerinn  1912 

about  300  A.  D.,  at  Delhi 

49.  Contribution  to  the  discussion  (Inter-  Faraday  Society  1912 
national)  on  The  Magnetic  Properties 

of  Alloys 

50.  The  World's  Progress  in  Metallurgy  Iron  Agt  1912 

51.  The  Production  of  Sound  Steel  Irtm  Agt  1912 

52.  The  World's  Production  of  Pig  Iron  The  Times  1912 

53.  On   a    New    Method   of    Revealing  Iron  and  St«el  Institute  1912 
Segregation  in  Steel  Ingots 

54.  Method  of  Producing  Sound  Ingots  Iron  and  Steel  Institute  1912 

55.  Plant  for  H&dfield  Method  of  Produc-  American  Institute  of  Mining        1913 
iug  Sound  Steel  Ingota  Engineers 

56.  Mithode  pour  I^vduire  dee  lingots  Remit  dx  MftallurfU  1913 
d'acier  sains  et  D^celer  la  S^^a- 

tion  dans  les  lingots  d'oder 

57.  Nouvelle  M^ode  pour  DCceler  la  Rtvue  de  MUaUwaia  1913 
S^^tion  dans  les  lingots  d'acier 

58.  Heating  and  Cooling  Curves  of  Man-  Iron  and  Steel  Institute  1913 
ganese  Steel 

59.  The  Magnetic  and  Mechanical  Prop-  Iron  and  Steel  Institute  1914 
ertiea  of  Manganese  Steel* 

60.  Research  with  r^ard  to  the  Non-  American  Institute  of  Mining        1914 
Magnetic  and  Magnetic  Conditions        E^ngineera 

of  Manganese  Steel 

61.  Sound  Ingote  American  Institute  of  Mining        1914 

Engineers 

62.  Manganese-Steel  Rails  American  Institute  of  Mining        1914 


I  give  this  Table  X,  and  in  one  sense  regret  that  it  covers  only  my  own 
p^^onal  3tudy.  During  the  early  pr<^ess  of  this  branch  of  metallui^, 
and  up  to  the  time  I  commenced  my  researches,  there  were  practically  no 
papers  ct  this  kind  on  record.  These  therefore  truly  represent  the  direc- 
tion in  which  the  leading  lines  of  progress  in  this  branch  have  been  mad« 
during  the  last  30  years.  They  give  historically  the  gradual  progress  of 
this  wonderful  art  of  alloying  various  elements  with  the  master-metal 
of  the  world,  iron.  Moreover,  as  no  complete  list  of  these  papers  has 
before  been  published,  the  one  now  presented  may  prove  a  useful  bib- 
liography to  those  interested. 

Among  other  matters,  these  papers  deal  with  manganese  steel  and  its 
most  remarkable  properties;  with  alloys  of  iron  and  silicon;  iron  and 
aluminum;  iron  and  tungsten;  iron  and  nickel;  iron  and  chromium;  also 
with  a  lai^e  number  of  other  binary,  ternary,  and  quaternary  steels. 
*  Joint  paper  with  others. 
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This  address  does  not  attempt  to  consider  and  deal  with  more  than 
certain  portions  of  thought  with  r^ard  to  the  progress  <^  metallurgy. 
Otherwise  it  would  require  not  one  paper  of  a  few  pages,  but  many  books, 
for  so  great  has  been  the  development  on  all  sides  of  mod^-n  metallurgy. 
Our  ancient  friend  before  mentioned,  Tubal  Cain,  or  his  confrere  of  the 
last  century,  would  indeed  be  surprised  with  what  he  would  now  see  in  the 
advance  of  this  branch  of  science. 

In  order  to  make  the  special  subject  of  alloys  of  iron  more  clear,  I  may 
also  add  the  following  description  in  Table  XI  of  some  of  the  researches 
dealt  with  in  my  papers,  from  which  will  be  seen  the  large  number  of  allies 
of  iron  and  other  elements  which  have  been  dealt  with.  The  results 
obtained  will  be  found  in  the  various  papers  detailed  in  the  forgoing 
Table  X. 

Table  XI 


Carbon 

Boron 

Mukganese 

Nickel 

Copper 

Cobalt 

Chromium 

Tun^ten 

Molybdenum 

Vanadium 

Silicon 

^uminum 

Sulphur 

Phoephorus 


Nickel-maDganeae 

Nickel-ohromium 

Nickel-tungsten 

Nickel-silicon 

Nickel-alum  inum 

Nickel-molybdenum 

Quatemuy  Alloys 

Carbon-nickel* 
manganeae 

Quinternary  Alloys 


CorboD-tungsten- 
cbromium-vanadi  um 


It  must  not  be  forgotten  that  although  the  above  table  of  alloys  refers 
chiefly  to  the  infiuence  of  one  or  more  special  elements  upon  iron,  yet 
the  qualities  of  such  alloys  are  largely  affected  by  the  presence  of  what 
may  be  termed  the  leading  element,  carbon,  which  is  usually  also  present. 
Although  in  the  case  of  high-speed  tool  steel  the  carbon  percentile  is 
not  high,  its  influence  is  literally  enormous,  for,  as  I  have  shown,  reduce 
the  carbon  below  certain  limits  and  you  have  a  comparatively  useless 
product. 

Beyond  a  small  number  of  exceptions — important  ones,  it  is  admitted; 
for  example,  the  material  known  as  "ingot  iron,"  " low-hystereds  steel," 
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and  some  othera — all  the  known  "steels,"  including  even  mild  steel, 
largely  depend  for  their  properties  and  consequently  for  their  commercial 
value  upon  the  percentage  of  carbon  present. 

Thential  Treatment. — ^ While  there  are  still  left  elements  to  be  alloyed 
with  iron,  and  upon  which  there  is  ample  field  for  investigation  and  re- 
search, we  are,  so  to  speak,  nearing  the  top  of  the  hill.  It  cannot  be  v^y 
long,  unless  new  elements  are  discovered,  which  is  not  probable,  before  we 
shall  be  able  to  aay  that  there  is  little  or  no  more  room  for  discoverii^ 
new  alloys  or  combinations,  and  attention  will  then  have  to  be  turned 
still  more  closely  than  even  now  as  to  the  effect  of  thermal  treatment. 
This  may  quite  possibly  imply  treatment  at  lower  grades  of  temperature 
than  those  which  we  now  imply  by  the  term  "heat  treatment,"  which 
leads  me  to  make  the  following  remarks: 

LotD-Temperature  Experimevis  in  Great  Britain  and  America. — The 
recent  prosecution  of  research  in  the  direction  first  dealt  with  by  our  great 
scientist  Sir  James  Dewar,  that  is,  the  behavior  of  metals  and  their  alloys 
at  temperatures  approaching  absolute  zero,  shows  that  there  is  much  to  be 
learned  from  an  examination  of  the  physical  properties  and  behavior 
of  metals  and  their  alloys  at  such  temperatures. 

In  the  joint  research  carried  out  by  Sir  James  Dewar  and  myself, 
a  full  description  of  which  will  be  found  in  my  paper  on  Experiments  re- 
lating to  the  Effect  on  Mechanical  and  other  Properties  of  Iron  and  Its 
Alloys  produced  by  Liquid  Air  Temperatures,  read  before  the  Iron  and 
Steel  Institute  in  September,  1905,  it  was  shown  that  great  increase  of 
tensile  strength  in  steel  alloys  could  be  obtained;  in  one  case  a 
tensile  strength  of  over  150  tons  per  square  inch  was  obtained,  not  merely 
from  a  wire  but  from  a  forged  bar. 

Recent  experiments  in  America  show  that  at  a  temp^ature  of 
about  —435"  F.,  or  close  upon  absolute  zero,  metals  lose  their  resistance 
to  such  a  remarkable  d^ree  that  the  energy  developed  at  the  power 
house  at  Niagara,  so  it  is  stated,  could  be  transmitted  over  a  quite  small 
metallic  wire,  simply  because  resistance  vanishes  at  these  temperatures. 
It  will  therefore  be  seen  that  there  is  good  ground  for  my  statement, 
that  before  long  we  may  have  to  consider  not  merely  heat  treatment 
effects,  that  is,  an  increase  over  normal  temperature,  but  also  treatment 
below  normal  temperature. 

Field  for  Research. — It  will  be  seen  that  even  to-day  the  field  for  re- 
search has  been  and  still  is  an  immense  one;  it  is  full  of  difGculties  and 
perplexities.  Contradictions  (^ten  seem  to  present  themselves.  Never- 
theless, the  advance  made  in  this  branch  of  alloy  steels  since  the  date 
of  my  first  researches  in  1882  and  onward,  also  my  paper  on  Manganese 
Steel  in  188S,  has  been  cS  a  startling  nature. 

While  it  is  true  there  may  not  be  at  the  present  time  room  for  such 
abnormal  discoveries  in  ferrous  metallurgy  as  in  the  past,  yet  workers 
all  over  the  world  are  quietly  and  steadily  adding  to  our  stock  of  knowl- 
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edge  on  points,  some  of  which  may  not  seem  so  important  at  the  time, 
but  all  of  which  tend  to  enable  us  to  better  understand  and  therrfore, 
control  the  desired  qualities  of  iron  and  its  alloys. 

Melting  Points. — Another  example  of  attempts  being  made  to  widen 
our  field  of  knowledge  is  the  work  of  Dr.  G.  K.  Burgas,  of  the  Bureau 
of  Standards,  Waahii^ton,  D.  C,  who  is  at  present  engaged  with  myself 
in  a  joint  research  regarding  the  melting  points  of  the  various  iron  alloys 
I  have  produced.  We  are  already  greatly  indebted  to  Dr.  Bui^ess  for 
the  work  he  has  done  in  connection  with  high  temperatures,  melting 
points,  and  other  kindred  subjects.  One  of  his  latest  researches  has  been 
to  clear  up  once  and  for  all  the  melting  points  of  what  he  terms  the 
"refractory  elements,"  chiefly  those  of  atomic  weight  from  48  to  59. 
We  now  have  for  the  first  time  fully  recorded  the  following  information, 
which  I  have  taken  from  his  paper  on  Melting  Points  of  the  Refractory 
Elements— Elements  of  Atomic  Weight  from  48  to  59,  detailed  in  the 
Bulletin  of  the  Bureau  of  Standards,  vol.  x,  reprint  No.  205. 

Table  XII. — Melting  Points  of  Ekments  qf  Atomic  Weight  48  to  59 


Manganese 
Chromium 
V&nadium 
Titanium 


Melting  Point  with 
Micropyrometer 


•1,452 
'1,449 

1,477  +  2 
'1,478  ±  1 
'1,533  ±  1 
'1,528 

1,256 

1,620 

1,720 

1,794  + 12 


Probable  Melting  Point 
of  Pure  Element. 


1,462  ±  3 

1,478  ±  5 

1,530  ±  5 
1,260  ±  20 
1,520  to  Fe? 

1,720  +  30 
1,7BS  ±;i6 

lue  on  iridium  strip. 

•  Assumed  value  on  platinum  atrip;  also  observed  value 

'  Crucible  melts  in  electric  furnace. 

=  Crucible  melts  in  electric  furnace;  also  on  iridium  strip  with  micropyrometer. 

''  Five  eamplea  all  agreeing  to  within  3'. 


Dr.  But^ess  and  J.  J.  Crowe  also  read  another  interesting  paper  on 
The  Critical  Ranges  A2  and  A3  of  Pure  Iron,  at  the  meeting  of  the 
American  Institute  of  Mining  Engineers  held  in  October  of  last  year, 
which  will  largely  help  us  to  settle  and  co-ordinate  the  many  apparent 
inconsistencies  in  past  research  work  on  this  subject. 

Microscopy. — In  an  address  of  this  nature,  mention  can  only  be  made 
briefly  of  the  important  branch  of  metallui^ical  research  known  as  micro* 

.  ..Google 


THE  PB0GBE8S  OF  THE   METALLUBOT  OF  IRON  AND  8TBBL         847 

scopy.  At  the  time  of  Kohn's  book  very  little  was  known.  Sorby  had 
practically  (M-iginated  this  line,  but  there  were  few  wbo  bad  the  prophetic 
eye  to  foresee  the  importance  this  branch  of  invest^atiou  would  reach. 

As  Prof.  W.  C.  Feamsides,  M.  A.,  F.  G.  S.,  pointed  out  in  a  recent 
and  able  lecture  upon  Dr.  Sorby's  work,  he  was  without  doubt  the  first 
to  originate  metallography,  or  the  study  of  the  microstructure  of  iron  and 
steel,  as  well  as  other  metals.  Sorby's  earliest  research  work  was  in 
1849,  when  he  prepared  the  first  rock  "slice"  ever  made,  and  his  first 
microscopical  study  of  "  igneous"  rocka  was  presented  in  his  great  paper, 
read  before  the  Geological  Society  of  London  on  Dec,  2,  1857.  Showing 
the  incredulity  existing  at  the  time  as  to  the  value  of  Sorby's  work. 
Professor  Feamsides  says: 

"Smiledst  by  ProfeaBorTinnantwhen  about  to  begin  the  research,  jeered  at  by  his 
friend  LeoDard  Homer  (Vice-President  of  the  Geological  Society),  who,  at  the  meeting 
to  which  the  i«Bults  were  presented,  remarked  from  the  chair  that  'he  had  been  a  mem- 
ber of  the  Geological  Society  ever  since  its  foundation  and  during  the  whole  of  that 
time  he  did  not  remember  any  paper  having  been  read  which  drew  bo  largely  on  their 
credulity,'  Sorby  lived  on  to  have  those  same  resulta  acknowledged  and  to  be  acclaimed 
by  the  geologists  of  all  Dationa,  assembled  to  celebrate  the  Centenary  of  the  Foundation 
of  the  Geological  Society  of  London,  as  the  founder  of  modern  petrology," 

Sorby's  first  work  on  the  microscopical  study  of  metals  was  in  1863. 
In  1864  he  lectured  on  this  topic  in  Sheffield,  later  in  the  same  year  com- 
municating bis  results  to  the  Bath  meeting  of  the  British  Association. 

The  writer  of  this  address  well  remembers  in  1886  taking  some  of  his 
first  specimens  of  manganese  steel  to  Dr.  Sorby,  in  order  to  ask  his  views 
with  regard  to  the  microstructure  of  this  curious  alloy  of  iron  and  man- 
ganese. Owing,  however,  to  the  comparatively  imperfect  methods  of 
examination  then  prevailing.  Dr.  Sorby  was  not  able  to  definitely  re- 
port any  special  characteristics  that  would  throw  light  upon  this  non- 
magnetic material  with  its  many  peculiar  physical  properties. 

It  was  in  1885  that  Dr.  Sorby  was  first  able  to  show  the  true  composite 
nature  of  the  "pearly  constituent"  of  steel,  as  an  aggregate  of  parallel 
plates.  This  discovery  was  the  earliest  recognition  of  the  formation 
of  crystals  from  a  solid  solution,  and  may  be  considered  as  the  crowning 
achievement  of  his  microscopical  research.  It  was  announced  to  the 
Iron  and  Steel  Institute  in  1886,  and  in  1897  in  his  paper  on  The  Micro- 
scopical Structure  of  Iron  and  Steel.  Soon  afterward,  these  discoveries 
appeared  to  be  the  signal  "for  great  activity  in  the  metallographic  field, 
which  he  so  brilliantly  had  started  to  explore." 

It  is  not  always  possible  to  show  who  is  the  real  originator  and  dis- 
coverer of  lines  of  new  thought.  In  this  case,  however,  the  pioneer's 
honor  in  leading  the  way  in  the  study  of  the  microstructure  of  metals  is 
due  to  Dr.  Sorby,  and  to  him  alone. 

Happily,  the  mantle  of  Sorby  as  regards  microscopy  fell  upon  young 
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and  able  shoulders  in  Sheffield,  and  Arnold,  who  has  continued  and  greatly 
enlarged  this  important  science,  was  for  many  years  in  close  touch  with 
the  great  master  Sorby,  of  whom  Sheffield  is  so  proud. 

Stead,  Osmond,  Sauveur,  Heyn  and  many  others  have  aflsiated  the 
good  work.  Kohn  in  his  book  devoted  a  couple  of  columns  to  the  con- 
sideration of  "Steel  under  the  Microscope,"  but  Dr.  Percy,  to  whom  we 
all  owe  a  deep  debt  of  gratitude,  in  his  classic  work  of  more  than  a 
thousand  pages,  The  Metallurgy  of  Iron  and  Steel,  published  a  little  earlier 
than  Kohn's  work  (1864),  never  even  referred  to  this  subject  of  the 
study  of  the  microBtructures  of  iron  and  steel  1  When  we  consider  the 
army  of  microscopists  of  to-day  working  throughout  the  world  in  this 
branch  alone  of  metallurgical  work  and  research,  preparing  duly  thou- 
sands of  photomicrographs  with  a  view  to  studying  the  proper  structure 
of  steel  products  for  the  guidance  of  both  producer  and  user,  it  can  well 
be  understood  why  we  have  advanced  so  much  in  our  general  knowledge 
of  this  subject. 

Dr.  Percy's  Work. — The  work  of  Dr.  Percy  just  referred  to  was  in- 
deed a  classical  one;  even  now  one  can  obtain  from  it  valuable  knowledge 
and  aid.  His  careful  and  well-prepared  descriptions  of  plant,  processes, 
and  research  are  still  of  high  value,  and  must  have  been  specially  appre- 
ciated when  so  little  knowledge  existed  on  the  subjects  he  dealt  with. 
It  has  been  men  like  Dr.  Percy,  who  have  spent  their  whole  life  in  further- 
ing the  particular  science  with  which  they  have  identified  themselves, 
who  have  conferred  such  large  benefit  upon  the  world.  All  honor  to  such 
men,  whose  only  rewwd,  the  only  one  they  ever  really  appreciated,  was 
the  satisfaction  of  knowing  that  they  were  following  their  calling  to  the 
best  of  their  ability.     Their  labor  was  in  the  true  sense  a  labor  of  love. 

Dr.  Percy  devoted  some  consideration  to  the  alloys  of  iron.  His 
master  mind,  like  that  of  Faraday  40  years  earlier,  saw  some  of  the 
possibilities  of  these  combinations  of  iron  with  various  elements.  Un- 
fortunately, Dr.  Percy's  alloy  experiments  were  most  of  them  on  such  a 
small  laboratory  scale,  the  product  generally  weighing  at  most  a  few 
ounces,  that  the  results  be  obtained  were  naturally  more  of  academic  than 
of  practical  value.  The  whole  of  his  observations  with  regard  to  what 
is  probably  the  most  important  of  the  iron  alloys — namely,  iron  and 
manganese — are  summed  up  in  a  few  lines:  "We  have  already,"  he 
says,  "considered  carburized  alloys  of  iron  and  manganese,  but  the  pres- 
ence of  carbon,  it  need  hardly  be  remarked,  may  be  expected  to  modify 
the  properties  of  any  alloy  in  a  material  degree.  With  regard  to  alloys 
of  pure  iron  and  pure  manganese,  I  do  not  know  whether  anything 
satisfactory  has  been  published;  I  have  not  met  with  anything  of  the 
kind." 

This  statement  was  indeed  prophetic.  Naturally  the  highly  car- 
burized alloys  of  iron  and.  manganese  to  which  Dr.  Percy  referred  were 
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realiy  spi^eleiseD  eontaining  at  the  most  7  or  8  per  cent,  of  manganese. 

There  were  but  few  ferro  alloys  made  before  about  1865,  and  those 
which  were  produced  contained  high  percentages  of  carbon,  the  presence 
of  which  completely  altered  the  character  of  the  product.  This  was  the 
reason  why  the  properties  of  that  extraordinary  ailoy,  manganese  steel, 
were  disguised  and  maslced  under  the  predominance  of  the  carbon  present 
in  the  manganiferous  alloys  formerly  produced.  Thus  the  production 
and  manufacture  of  an  alloy  which  has  proved  of  such  great  advantage 
to  mankind  remained  hidden  for  another  20  years.  It  was  the  study  of 
this  particular  alloy,  which  I  discovered  about  30  years  ago,  which  may 
be  truly  said  to  have  been  the  first  systematic  study  of  alloys  of  iron 
with  other  elements.  Mushet  had  made  what  was  then  termed  self- 
hardening  alloy  steel,  but  its  manufacture  was  shrouded  in  mystery 
and  its  application  of  comparatively  small  nature.  Moreover,  its 
qu&lities  were  rather  in  the  nature  of  a  superior  cast  iron  than  steel. 

"  The  Art  of  Scientific  Discovery." — In  the  foregoing,  I  have  referred, 
but  very  briefly,  to  some  of  the  research  work  carried  out  in  one  branch 
irf  science,  ferrous  metallurgy.  This  research  question  is  one  of  the 
greatest  importance,  and  covers  an  immense  field.  Gore  has  dealt 
generally  with  this  in  a  most  interesting  and  full  manner  in  his  remarkable 
book  on  The  Art  of  Scientifi£  Discovery,  published  some  30  years  ago,  which 
every  one  interested  in  research  should  read. 

Gore  pointed  out  that  there  are  even  among  scientific  investigators 
those  who  consider  that  methods  of  discovery  are  incommunicable.  But, 
as  he  added,  original  scientific  research  is  not  an  incommunicable  sub- 
ject; it  is  a  natural  process,  and  being  such  it  must  have  laws  accord- 
ing to  which  it  operates.  It  is  effected  by  means  of  our  mental  powers, 
and  is  therefore  subject  to  the  rules  of  mental  action,  and  is  com- 
municable by  ordinary  natural  methods.  It  is  also  being  reduced  as 
knowledge  advances  to  rules  of  action,  and  will  continue  to  be  one  of  the 
noblest  c^  all  intellectual  employments. 

Why  Research  Work  is  so  Valuable. — The  value' of  research  work 
is  generally  rec(^nized.  A  large  portion  of  the  admirable  Presidential 
Address  delivered  by  Sir  H.  Frederick  Donaldson,  K.  C.  B.,  in  April 
last,  b^ore  the  Institution  of  Mechanical  Engineers,  was  devoted  to  the 
consideration  of  this  subject.  This  Institution  has  proposed  to  start 
a  movement  to  co-ordinate  research  work  so  as  to  prevent  the  considerable 
amount  of  overlapping  now  listing.  While  fully  agreeing  with  this 
step,  I  believe  that  co-ordination  in  research  work  should  not  be  made  to 
intCTfere  in  any  way  with  individual  research.  Many  works  dealing 
with  metallurgy  and  engineering  in  all  its  branches  have  fully  equipped 
laboratories  for  carrying  our  experiments  in  connection  with  their  own 
manufacture,  these  experiments  forming  part,  as  it  were,  of  their  ordinary 
routine  work,  and  they  have  always  been  found  ready  to  make  known 
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maDy  of  the  important  resulta  at  which  th^  have  arrived.  A  simple 
glance  at  the  list  of  contents  of  the  various  journals  <rf  oiir  different 
societies  suffices  to  show  that  metallurgists  and  engineers  in  this  country 
cannot  be  taxed  with  working  in  secret,  and  while  agreeing  in  the  miun, 
as  stated  above,  with  the  movement  which  Sir  Frederick  Donaldson 
would  like  to  see  initiated,  individual  effort,  to  my  mind,  should  not  and 
must  not  be  in  the  least  interfered  with. 

The  Wm-k  of  the  National  Pkysictd  Laboratory,  and  the  Bureau  of 
Standards. — In  thb  connection  I  should  like  to  add  that  we  have  iu 
England  available  for  various  kinds  of  research  work  and  ^cperiments 
a  most  admirable  institution,  the  National  Physical  Laboratory,  whose 
able  Director,  Dr.  R.  T,  Glazebrook,  F.  R,  S.,  has  done  so  much  to  ad- 
vance scientific  knowledge.  In  this  country  the  National  Bureau  of 
Standards,  presided  over  by  Dr.  S.  W.  Stratton,  is  accomplishing 
similarly  valuable  work.  The  work  of  these  two  institutions  bids  fair 
to  standardize  many  discoveries.  They  have  provided  also  a  powerful 
aid  to  many  individual  experimentalists.  To  illustrate  my  point,  it  is 
sufficient  to  mention  the  investigations  carried  out  in  the  Metallurgical 
Section  and  at  the  Froude  tank  at  Teddington.  It  is  no  secret  that  if 
the  experts  of  the  English  laboratory  had  sufficient  funds  placed  at  their 
disposal,  their  investigations  would  have  a  much  wider  scope,  but  they 
have  been  hampered  for  want  of  f und^  As  an  instance  of  this,  it  may 
be  mentioned  that  at  the  present  time  they  have  on  hand  more  than  a 
hundred  different  investigations  waiting  to  be  taken  up  when  funds  are 
available.  The  laboratory  is  supported  by  grants  made  by  the  govern- 
ment itself  and  various  British  scientific  and  technical  institutions,  who 
thus  recognize  its  value;  the  establishment  itself  of  the  Laboratory  was 
largely  due  to  the  initiative  of  the  institutions  in  question;  it  is  a  great 
British  national  asset  which,  it  would  seem  to  me,  the  State  should  rec- 
ognize to  a  greater  degree  than  has  been  the  case,  and  should  grant  more 
substantial  financial  support  out  of  the  public  funds.  Fortunately,  in 
America  you  seem  to  have  more  public  spirited  policy,  whether  as  regards 
help  by  the  State  or  by  private  individuals,  such  as  that  rendered  by 
Andrew  Carnegie,  John  D.  Rockefeller,  and  others. 

Past  Workers  in  Metallurgy. — In  the  foregoing  I  have  alluded  to  the 
future  exhaustion  of  our  mineral  resources  and  the  necessity  which  is 
incumbent  upon  us  for  utilizing  the  metal,  of  which  we  have  at  best 
only  the  trusteeship  to  a  maximum  degree.  My  present  address,  while 
it  deals  in  the  main  with  researches  and  discoveries  in  the  matter  of  iron 
alloys,  would  be  incomplete  were  I  not  to  mention  the  marvelous  inven- 
tions of  Bessemer,  Thomas,  and  Gilchrist,  whose  work  was  so  ably 
carried  into  effect  in  this  country  by  the  revered  HoUey  and  Fritz, 
These  men  in  very  truth  may  tie  veritably  styled  benefactors  trf 
humanity,  for  they  have  lai^ely  -increased  the  modem  convenience 
and  comfort  (rf  the  world  by  making  it  possible  to  produce  commer- 
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cial  ateel  at  a  comparatively  low  cost,  therefore  more  cheaply,  from 
what  were  considered  inferior  products  before  they  put  forward  their 
processes  of  manufacture.  On  a  par  with  these  names  are  those  of 
Siemens  and  Martin,  who  gaVe  us  the  open-hearth  process.  The 
manifold  advantages  which  the  world  has  derived  from  the  discoveries 
of  these  men  would  require  more  space  than  is  at  my  disposal  for 
their  description.  They  are  patent  to  all  rf  us,  and  I  am  fully  per- 
suaded that  future  generations,  whUe  they  ma/  or  may  not  give  a 
passing  remark  to  Tubal  Cain  as  being  the  first  metallurgist,  will  be  sure 
to  revere  the  memory  of  the  above-named  scientists,  who  by  their  re- 
searches accomplished  so  much,  not  only  for  the  men  of  their  own  period, 
but  also  for  their  children's  children.  Future  generations  must  surely, 
too,  bear  in  mind  those  other  scientists  who  have  given  to  the  world 
special  steel  alloys,  remarkable,  among  their  other  characteristic  features, 
by  their  wonderful  toughness  and  tenacity,  by  their  great  durability  and 
many  other  valuable  qualities.  They  will  further  give  also  much  more 
than  a  passing  thought  to  that  body  oi  men  of  every  nationality  who  are 
attacking  the  same  problem  from  another  side,  the  prevention  o!  waste 
by  corrosion,  a  matter  to  which  our  society  has  given  much  attention. 
'  The  mere  mention  of  these  names  and  subjects  opens  to  our  minds 
an  immense  vista  of  consideration,  actual  realizations  and  future  possi- 
bilities. I  have  here  but  touched  the  fringe  and  will  conclude  with  the 
following  references  and  remarks. 

Tke  Scope  of  the  University.—Whein  His  Majesty  the  King  went  to 
Manchester  last  July,  Lord  Morley  as  Chancellor  presented  to  him  an 
Address  from  the  university  of  that  city.  To  this  the  King  made  answer 
saying:  "It  was  to  the  universities  that  the  whole  Empire  looked  for 
men  equipped  with  scholarship  and  technical  knowledge,  and  with  will 
and  energy  to  devote  their  gifts  to  the  service  of  the  community  in  every 
sphere  of  action."  With  this  we  must  heartily  agree,  whether  as  re- 
gards the  universities  of  Amcrica^or^the  British J;Empire. 

A  D^ree  coogr^ation  was  held  on  July  3  of  last  year  at  ShefGeld 
University,  under  the  Presidency  of  the  Chancellor,  the  Duke  of  Nor- 
folk, when  H.  A.  L.  Fisher,  the  new  Vice-Chancelior,  uttered  the  follow- 
ii^  pr^^ant  words:  "That  University  did  not  exist  for  the  benefit  of 
Sheffield;  it  was  ShefEeld's  gift  to  the  world.  In  such  an  important 
mining  and  metallurgical  center,  it  was  inevitable  that  these  subjects — 
mining  and  metallurgy — should  claim  special  attention,  but  the  life  of 
the  mind  brooked  no  territorial  barriers,  and  discoveries  made  in  the 
laboratories  of  that  University  would,  no  doubt,  exercise  a  sensible  in- 
fluence in  every  quarter  of  the  globe.  They  might  be  quite  sure  that  no 
endowment  lavished  on  research  was  ever  lavished  in  vain,  and  that  a 
wealthy  community  which  devoted  a  part  of  its  opulence  to  subsidizing 
clever  men  to  think  at  lai^e  was  discharging  a  manifest  duty  to  the 
progress  of  the  world."  t  'r^,^,,\,, 
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Men  such  as  Faraday  and  other  scientists  referred  to  in  this  address 
were,  to  quote  Mr.  Fisher's  words,  among  those  having  "will  and  energy 
to  devote  their  gifts  to  the  service  of  the  community,"  and  who  repre- 
sented "clever  men  who  thought  at  large." 

The  Faraday  Sodety. — The  society  in  England  over  which  I  have  the 
honor  to  preside,  by  taking  the  name  of  Faraday  had  shown  its  earnest 
desire  to  continue  in  the  footsteps  of  this  great  scientist.  The  object 
of  the  Faraday  Society  in  England,  and  the  American  Electrochemical 
Society  in  America,  is  to  promote  the  study  of  electro-chemistry,  electro- 
metallui^,  chemical  physics,  metallt^aphy,  and  kindred  subjects. 
These  two  societies  also  aim  to  be  international  in  the  character  of  their 
work. 

The  Objects  of  Our  InstiiiUe. — The  objects  of  the  American  Institute 
of  Mihii^  Engineers  possess  even  a  still  wider  scope.  Their  work  and 
their  workers  have  penetrated  all  lan^,  specially  with  regard  to  work  done 
in  metalliferous  mining.  Moreover,  we  Britishers  do  not  forget  the  help 
rendered  us  by  some  of  the  members  of  your  Institute  during  the  trou- 
blous times,  now  happily  past,  in  South  Africa.  We  shall  never  forget 
that  some  of  your  members  even  laid  down  their  lives  for  my  country. 
A  man  can  do  no  more. 

The  evidences  quoted  in  this  address  of  the  work  our  society  has 
done  in  the  past,  are  a  happy  augury  for  its  future  increasing  value,  not 
only  in  this  country,  but  internationally.  In  your  Secretary,  Bradley 
Stoughton,  you  have  one  thoroughly  devoted  to  the  caus^  of  metallurgy, 
which  we  all  have  so  much  at  heart. 

The  Franklin  Ijistitute. — Among  other  scientific  societies  in  America, 
I  should  like  to  bear  testimony  to  the  excellent  work  also  done  by  the 
Franklin  Institute,  whose  able  Secretary,  Dr,  R.  B.  Owens,  has  done  much 
to  bring  tc^ether  scientists  of  many  types.  This  society  is  cosmopolitan 
in  its  awards,  quite  a  number  of  which  have  reached,  durij^  the  last  few 
years,  men  of  science  who  have  done  work  of  note  in  Great  Britain  and 
the  European  Continent.  These  awards  have  encouraged  many  of  us, 
not  only  as  I  say  in  this  country,  but  also  in  the  Old  World.  It  gave 
great  pleasure  to  all  of  us  to  see  that  the  Franklin  Institute  recently 
awarded  to  Prof.  Albert  Sauveur  the  Elliott  Cresson  Gold  Meda],  thus 
wisely  recognizing  the  valuable  work  done  by  him  during  many  years 
on  behalf  of  scientific  metallurgy, 

Tke  Autkor'a  Recent  Papers  to  this  Society. — Three  special  subjects 
have  been  dealt  with  in  papers  I  have  recently  contributed  to  this  In- 
stitute. I  will  not  enlarge  here  upon  the  topics  in  question,  except  to 
say,  the  first  relates  to  Research  with  regard  to  the  Non-Magnetic  and 
Magnetic  Conditions  of  Manganese  Steel.  In  the  paper  entitled  Iron 
Alloys,  with  special  reference  to  Manganese  Steel,  which  I  had  the  honor 
of  reading  before  this  Institute  in  IS93,  it  was  shown  that  manganese 
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steel  could  be  made  magnetic.  In  the  further  paper  just  contributed 
it  is  shown  that  this  noD-magnetic  product,  almost  as  inert  as  lead  or 
copper,  can  be  made  nu^netic  and  to  possess  a  specific  mf^netism  of 
nearly  50  per  cent.,  or  about  half  that  of  pure  iron. 

The  next  paper,  on  Sound  Ingots,  describes  the  continuation  of  the 
researches  which  I  have  made  with  regard  to  the  production  of  sound 
ateel  ingots,  whether  for  use  in  the  form  of  billets,  raSIs,  or  other  structural 
shapes. 

The  third  paper,  Manganese-Steel  Rails,  gives  the  history  and 
progress  of  manganese-steel  rails.  In  my  paper  read  before  this  In- 
stitute in  1893,  now  no  less  than  21  years  ago,  I  showed  not  only  how  it 
was  possible  to  produce  manganese  steel  in  the  rolled,  forged,  or  pressed 
form,  but  gave  particulars,  including  composition  and  mechanical  tests, 
of  manganrae-steel  railroad  axles,  tires,  forgings  of  various  types.  In  one 
ctise  it  was  shown  that  a  manganese-steel  rolled  tire  and  manganese- 
steel  forged  railroad  axles,  some  of  the  tests  on  which  were  made  in  this 
country,  stood  drop  tup  tests  in  a  remarkable  manner,  giving  results 
far  superior  to  ordinary  steel.  Although  there  was  no  difficulty  in 
furnishing  such  articles  to  the  required  finished  shapes,  the  user  had  not 
then  been  educated  to  see,  as  he  now  does,  that  for  special  steels  show- 
ing great  strength  and  durability  higher  prices  should  be  paid. 

Conclusion. — In  conclusion,  I  feel  that  this  address  deals  quite 
inadequately  with  the  important  subject  which  I  have  attempted  to 
bring  before  your  notice.  If,  however,  it  does  nothing  else  than  stimulate 
a  desire  for  research  in  "The  Art  of  Sdentific  Discovery,"  to  use  Gore's 
excellent  term,  then  I  shall  indeed  feel  well  repaid.  Let  us  remember 
that  "Labor  improbus  omnia  vincit."  Thus  as  time  goes  on  we  shall 
acquire  more  and  more  knowledge  in  the  great  field  of  research.  As  the 
poet  Prince  rightly  says : 

Who  are  the  great? 
Thoee  who  have  boldly  ventured  to  explore 
Unsounded  seas,  and  lands  unknown  before- 
Soared  on  the  wingB  of  science,  wide  and  far. 
Measured  the  bud,  and  weighed  each  distant  etar— 
Pierced  the  dark  depths  of  ocean  and  of  earth, 
And  brought  uncounted  wonders  into  birth — 
Repelled  the  pestilence,  restrained  the  storm, 
And  given  new  beauty  to  the  human  form — 
Wakened  the  voice  of  reason,  and  unfurled 
The  page  of  truthful  knowledge  to  the  world : 
Thejr  who  have  toiled  and  studied  for  mankind — 
Aroused  the  slumbering  virtues  of  the  mind — 
Taught  ua  a  thousand  blessings  to  create — 

These  are  the  nobly  great. 


.coy  Google 


,0,  Google 


in.  20  Wat  Seth  8ti 


It  Bhould  pnfenblr  ba  pna 

(^••..•rir...  .n  — ritini  niBy  be 
York,  N.  V. 


The  Russian  OU  Fields 

BT  A.  ADIASaXVJCB,  0T,   PHTKRaBtTBO,  BUSBIA 
(Nn  York  Meetinc  Fabnury,  1914) 

Petroleuu  has  been  found  in  Russia  in  various  localities  from  north 
to  south,  as  may  be  seen  from  the  list  given  below: 

(a)  In  the  basin  of  the  Petchora  river,  Northern  Russia. 

(b)  In  the  basin  of  the  Volga  river,  in  the  governments  of  Samara 
and  Saratoff. 

(c)  In  the  government  of  Astrakhan  and  in  the  Uralsk  territory,  close 
to  the  northern  and  eastern  coast  of  the  Caspian  sea. 

(d)  At  Grozny  in  Northeastern  Caucasus. 

(e)  In  the  Daghestan  territory,  Eastern  Caucasus,  on  the  Caspian  sea. 

(f)  On  the  Apsheron  peninsula  (Baku  and  other  districts)  close  to 
the  Caspian  sea  shore. 

(g)  On  the  island  of  Tcheleken  in  the  Caspian  sea,  also  on  the  island 
of  Sviatoi. 

(h)  In  the  Transcaspian  territory  on  the  Neftianaia  Gora  (OU  hill) 
and  on  the  surrounding  hills. 

(i)    In  the  Ferghana  valley  in  Russian  Central  Asia. 

(j)  On  the  Kertch  and  Taman  peninsulas  on  the  Black  sea. 

(k)  In  Siberia  it  has  been  discovered  in  the  Transbaikal  territory  and 
on  the  island  of  Sakh^in. 

In  the  above-mentioned  districts  petroleum  has  been  found  to  exist 
under  different  geological  conditions  and  to  vary  in  its  chemical  and  phys- 
ical properties. 

At  the  present  time  petroleum  is  produced  in  Russia  at  Baku,  Grozny, 
on  the  island  of  Tcheleken,  in  the  Ferghana  district,  and  in  the  Uralsk 
territory.  The  yearly  production  in  1912  throughout  the  Russieoi 
Empire  amounted  to  69,400,000  barrels,  of  which  the  Baku  fields  were 
responsible  for  52,000,000  barrels.  This  shows  that  the  Baku  fields  on 
the  Apsheron  peninsula  are  the  chief  oil-producing  centers  in  Russia, 
being  at  the  same  time  the  oldest  of  all  our  oil  fields.  In  this  paper  I 
shall  discuss  the  Baku  fields  only,  leaving  all  the  others  until  a  later  date. 

The  Apsheron  peninsula  in  the  Eastern  Caucasus  protrudes  into  the 
Caspian  sea  in  the  shape  of  a  triangle  some  47  miles  long  covering  a  total 
area  of  some  750  square  miles.  The  eastern  part  of  the  peninsula  is  a 
fiat,  slightly  rolling  plain,  rising  in  its  highest  parts  to  140  to  170  ft.  above 
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the  level  of  the  Caspiao  sea.  The  monotony  of  the  country  is  relieved  by 
rows  of  tow  hills  or  limestone  ridges;  on  the  clayey  and  sandy  surface 
occur  shelly  limestone  terraces.  In  the  western  part  are  scattered  over 
the  rising  country  elevated  plateaus  divided  by  deep  ravines;  separate 
ranges  of  rugged  hills  make  their  appearance  and  their  summits  rise  to 
840  to  1,200  ft.  (Shaban-dag).  In  the  lowlands  accumulations  of  brine 
water  form  r^ular  lakes;  these  shallow  lakes  dry  up  during  the  hot  season 


PiQ.  2— The  Bqii-Eibat  Oil  Field. 

leaving  numerous  salt  marshes.  The  peninsula  has  the  aspect  of  a 
sandy  desert  owing  to  lack  of  fresh  water  and  partly  also  to  sandy  soil. 
In  early  spring,  after  the  winter  rain,  the  country  is  covered  with  low 
grass  and  bright  flowers;  even  some  meager  crops  are  raised  at  the  time; 
but  by  the  end  of  May  all  vegetation  is  burned  by  the  scorching  rays  of 
the  southern  sun.  However,  on  the  northern  coast  of  the  peninsula, 
where  fresh  water  is  more  plentiful,  there  are  cultivated  fields,  vine- 
yards, and  orchards. 
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The  sedimentary  rocks  composing  the  Apsheron  peninsula  belong  to 
the  post-Tertiary  and  Tertiary  periods. 

The  post-Tertiary  is  composed  of  loess,  loam,  blown  sands,  gravel 
formations,  and  silt,  which  spread  throughout  the  peninsula.  The 
marine  deposits  are  Caspian  terraces  of  friable  shelly  limestone,  con- 
glomerate, and  gravel.  These  sedimentary  deposits,  some  140  ft.  thick, 
are  horizontal  and  lie  unconformably  on  the  underlying  beds. 

The  Tertiary  ia  represented  by: 
Pliocene  deposits: 

(a)  The  Baku  series,  consisting  of  limestones,  sands,  clays,  and 
conglomerates,  deposited  unconformably  on  the  lower  series. 
The  series  contains  the  following  fossils:  Cardius  crassum 
Bacri;  Adacna  plicata;  Adacna  edentula;  Adacna  vitrea;  Mono- 
dacns  caspia;  Dreissensia  TschandEe  Andr.;  Dreissensia  bugensis 
Andr.;  Dreissensia  polymorpha;  Neretina  luturata;  Clessinia 
variabilis;  Micromelania. 

(b)  The  Apsheron  series,  consisting  of  limestones,  oOlitic  limestones, 
marls,  sands,  sandstones,  dark-colored  clays  with  thin  inter- 
layers  of  volcanic  ash  and  sand  and  deeper  dark  clays  with 
interlayers  of  sands  and  black  clays;  among  these  strata  are 
occasionally  met  bard  sandstones  and  boulders.  The  following 
fossils  are  characteristic  of  these  series:  Apsheronia  propinqua; 
Apsheronia  Euridesma  Andr.;  Apsheronia  raricosta  Andr.; 
Didacna  intermedia;  Monodacna  nitida;  Monodacna  Sjogren!; 
Monodacna  trapezinum;  Dreissensia  anisoconcha;  Dreissensia 
rostriformis;  Dreissensia  latro;  Limnsa  obtusa;  Cypris, 

The  Pliocene  is  some  1,225  ft.  thick. 
Miocene  deposits: 

Black  clays  underlain  by  marls,  light  and  dark  clays  with  inter- 
layers of  volcanic  sand,  sands,  sandstones,  and  limestones. 
These  deposits  are  characterized  by  the  following  fossils:  Mactra 
carabugasica  Andr.;  Mactra  subcaspia;  Cardium  Vog.  Andr.; 
Cardium  dombra  Andr.;  Cardium  eduleformis;  Potamides  caa- 
pius;  fishes. 

The  formations  are  classified  by  Professor  Andrussoff  as  belonging 
to  the  Akchagil  series,  their  thickness  being  from  125  to  175  ft. 

Under  these  series  lie  thick  gray,  blue,  and  brown  clays,  sometimes 
with  sand,  also  thick  marls  interstrati£ed  with  sands.  The  upper  part 
of  these  deposits  contains  marine  and  lacustrine  fauna  (Limnseus  arma- 
nensis  Naulet.,  Planorbia  cornu,  P.  costatus,  Glandina,  Succinea,  Para- 
cypria,  the  plant  Chara),  while  in  the  lower  part  no  fossils  have  ever  been 
found.     This  is  the  oil  measure,  some  5,600  ft.  thick. 

This  latter  is  underlain  by  sandy  clays  and  at  the  bottom  by  char- 
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acteristic  striated  clays,  in  their  turn  underlain  by  layers  of  siliceous 
iimestone  containing  numerous  fossils  of  spirialls  species,  also  Lucina, 
the  fisb  Leptolepis  and  scales  of  Meletta  crenata.  Farther  dowQ  follow 
shaly  sandy  clays  with  remnants  of  Cedroxylon,  ferruginous  sands,  and 
dark  chocolate  clays  containing  fish  remains  (Amphisyle,  Lepidopus, 
scales  of  Meletta).  Then  at  last  are  found  sbaly  clays  belonging  to  the 
lower  Tertiary,  probably  to  tbe  Oligoceue. 

This  completes  the  succession  of  rocks  comprisii^  tbe  Apsheron  pen- 
insula, as  far  as  could  be  ascertained  up  to  now  by  means  of  boring  logs, 
samples  of  rock  from  drilled  wells,  natural  outcrops,  and  tbe  prospecting 
work  carried  on  by  the  Geolt^ical  Committee. 

Both  the  Pliocene  and  Miocene  strata  are  dislocated,  leading  to  the 
formation  of  anticlinal  and  synclinal  folds  and  dome-shaped  uplifts, 
disturbed  in  their^tum  by  a  number  of  thrusts  and  faults  in  various 
directions. 

The  general  trend  of  all  uplifts  on  the  peninsula  corresponds  to  the 
direction  of  the  main  Caucasian  ridge  from  northwest  to  southeast.  But 
besides  this  upheaval  there  are  others  in  various  directions — -viz,,  one 
in  a  west-east  direction  and  another  from  northeast  to  southwest.  These 
uplifta  in  various  directions  make  the  geotechtonic  of  the  peninsula  very 
complicated. 

As  an  example  of  typical  uplifts  in  the  shape  of  an  elongated  dome  we 
can  cite  the  Kirmaku-Balakhany-Sabunchy-Ramany  and  also  the  Bibi- 
Eibat  folds.  To  the  south  of  Ramany  we  meet  the  Surahkany  fold  and 
at  a  distance  of  1  mile  to  the  north  of  Bibi-Eibat  lies  the  Atashka-Shabana 
anticlinal,  of  a  north-south  direction.  Farther  westward  we  notice  a 
fold  b^ianing  from  Mount  Lock  Botan  and  stretching  beyond  Mounts 
Ket^ez  and  Kizkala,  where  outcrop  to  the  surface  the  strata  composing 
tbe  southern  and  western  wings  of  this  anticlinal.  In  the  northern  part 
of  the  peninsula  are  also  to  be  found  several  distinct  folds. 

Following  the  line  of  main  uplift,  we  notice  a  series  of  mud  volcanoes, 
many  of  which,  even  at  the  present  time,  spout  mud  and  water,  gases, 
and  petroleum.  The  natural  oil  issues  scattered  throughout  the  penin- 
sula, mainly  in  its  central  and  western  parts,  occur  in  the  places  which 
have  been  mostly  subjected  to  the  influence  of  the  disturbing  forces. 
Oil  has  been  observed  to  emanate  from  layers  of  all  the  above  described 
series  from  the  Akchag&I  to  the  lower  green  clays.  However,  in  commer- 
cial quantities  oil  is  found  only  in  several  localities  and  its  accumulations 
are  dependent  on  some  specially  favorable  geological  conditions,  such  as 
are  presented  in  this  locality  by  the  dome-shaped  folds  of  the  Balakhany- 
Sabunchy-Ramany  and  Bibi-Eibat  fields. 

The  presence  of  petroleum  on  the  Apsheron  peninsula  around  Baku 
was  known  from  very  olden  times  and  the  local  Persian  population, 
before  and  after  the  Kussians  came  to  the  country,  used  to  dig  shallow 
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wells  or  produce  the  oil  from  Datural  seepages,  mostly  near  the  village 
Balakhany,  where  the  oil-bearing  strata  (since  extensively  worked)  me 
very  close  to  the  surface.  In  an  eastern  direction  near  the  village  of 
Surakhany  the  natural  gas  used  to  escape  so  abundantly  from  the  fissures 
of  the  earth  that  a  fire-worshipers'  temple  was  erected  on  the  spot,  where 
the  gas  burned  night  and  day  in  lofty  flaring  torches,  and  pilgrims  flocked 
to  the  temple  from  Persia  and  even  from  distant  India. 

The  first  borings  were  started  in  1870,  in  the  central  part  of  what  was 
later  known  as  the  Balakhany  fields,  close  to  the  hand-dug  tests,  and  the 
first  big  gushers  were  obtained  from  depths  averaging  120  to  350  ft.,  the 
oil  spouting  at  the  rate  of  some  30,000  barrels  per  day.  After  the  first 
successful  gushers  were  brought  in  the  boring  operations  extended  east- 
witfd  and  soon  spread  over  the  lands  of  the  adjoining  Persian  villages  of 
Sabimchy  and  Ramany,  all  three  lying  at  a  distance  of  some  10  miles 
inland  in  a  northwest  direction  from  Baku  city  (and  port  on  the  Caspian 
sea).  These  three  fields  have  since  borne  the  names  of  the  three  vil- 
lages, although  they  have  loi^  since  merged  into  one  continuous  field 
covering  some  1978  acres.  This  is  the  territory  from  which  comes  the 
main  part  of  the  Bussian  oil.  In  an  eastern  direction  from  these  lies  the 
Surakhany  field,  which  ever  since  the  fire-worshipers'  days  was  recognized 
as  a  very  good  gas  producer,  but  where  later  vast  amounts  of  light  oil  have 
been  discovered  and  a  good  many  big  gushers  were  brought  in. 

Close  to  Baku  city  In  an  eastern  direction,  on  the  very  shore  of  the 
Caspian,  lies  another  small  but  very  productive  field — the  so-called  Bibi- 
Eibat  field.     Production  was  started  here  in  1880. 

The  Bslakhany-Sabunchy-Hamany  fields,  and  the  Kirmaku  field 
adjoining  Balakhany  on  the  west,  which  although  worked  up  to  the  pres- 
ent only  by  hand-dug  wells  on  the  outcrops  must  be  discussed  as  a  whole 
with  the  others,  are  situated  in  the  central  section  of  the  eastern  end  of 
the  Apsheron  peninsula  on  a  slightly  undulating  tableland  stretching 
from  northwest  to  southeast.  The  country  slopes  here  from  northwest 
to  southeast  toward  the  former  Ramany  lake  (salt).  The  central  part 
seems  to  be  slightly  uplifted.  The  fields  as  a  whole  are  surrounded  by 
limestone  ridges  from  north,  east,  and  south,  rising  from  70  to  140  ft. 
above  the  surrounding  country.  The  highest  points  within  the  fields 
territory  tae  the  mud  volcano  Bog-Boga  (287  ft.)  and  the  Ku-maku 
range,  with  a  summit  of  the  same  name  (330  ft.).  This  range  follows  a 
north-south  direction.  The  strata  dip  here  from  west  to  east  at  an  angle 
of  70°,  formii^  an  anticlinal,  in  the  central  part  of  which  outcrop  to  the 
surface  the  lower  series  of  the  oil  measure,  composed  of  siliceous  limestone 
and  comprising  spirialis  specia.  These  siliceous  formations  are  overlain 
by  thick  oil-bearing  sands  with  thin  interlayers  of  clays  and  sandstone 
of  a  total  thickness  of  900  ft.  In  its  southern  part  the  Kirmaku  anticlinal 
bends  eastward  toward  the  Balakhany-Sabunchy-Romany  fields.    On 
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these  latter  fields  the  strata  composing  the  oil  measure  form  a  wide 
quaqu&versal  anticlinal,  the  strata  dipping  north,  northeast,  east,  south- 
east, and  south.  In  the  central  part  of  the  oil  fields  the  upper  layers  have 
been  washed  off  and  therefore  the  natural  denudations  or  artificial 
shafts  and  shallow  trenches  reveal  to  our  eyes  alt  the  consequent  strata, 
beginning  from  Mount  Kirmaku,  in  an  eastern,  northern,  and  southern 
direction. 

The  thick  oil-bearing  sands,  which  are  outcropping  near  Mount 
Kirmaku,  are  the  lowest  pay  sands  in  this  part  of  the  oil  fields  and  these 
iands  are  work^  on  the  slopes  of  the  mountain  by  the  local  Persian 
villagers  by  means  of  shallow  hand-dug  wells.  These  sands  ase  covered 
by  some  100  ft.  of  clays,  overlain  in  their  turn  by  some  300  ft.  of  sands 
and  sandstone  comprising  thin  streaks  of  pay  sands.  On  the  top  lie 
again  clays  about  200  ft.  thick.  These  are  followed  by  thick  water- 
bearing sand  and  sandstone  over  700  ft.  thick  and  again  some  400  ft.  of 
clays,  sand,  and  sandstone.  Farther  eastward,  a  series  of  oil  sands  inter- 
slratified  with  clays  and  barren  sands  outcrop  to  the  surface,  the  total 
thickness  being  some  600  ft.;  here  we  find  as  many  as  15  separate  and 
distinct  pay-sand  layers.  These  sands  are  worked  on  the  outcrops  by 
the  villagers  by  means  of  shallow  hand-dug  wells.  Still  farther  eastward 
sands  interstratified  with  sandstone  outcrop;  thU  water-bearing  forma- 
tion la  700  ft.  thick.  This  thickness  is  overlain  by  a  series  of  pay  sands 
with  clay  interlayers,  barren  sands,  water-bearing  sands,  and  sandstones, 
of  a  total  thickness  of  1,300  ft. ;  here  we  find  some  22  separate  pay-sand 
iai-ers.  Over  it  we  meet  a  series  of  clays  and  sands  barren  of  oil,  of  a  total 
thickness  of  some  600  ft.,  and  above  the  characteristic  AkchagU  layers, 
composed  of  dark  clays  with  interlayers  of  volcanic  ash  and  of  marls. 
The  Akchagil  is  overlain  by  clays,  marls,  sands,  sandstones,  and  lime- 
■itones  belongii^  to  the  Apsheron.  The  middle  Apsheron  limestones,  as 
vas  stated  above,  surround  the  producing  fields,  but  are  washed  o£F  in  the 
wntral  part.  The  Akchagil  series  rise  to  the  surface  from  under  the 
Apsheron  layers  in  the  northern  part  of  the  fields,  turn  southward,  and 
are  sporadically  met  with  in  the  southern  section  of  the  fields.  The  clays 
and  sands  overlying  the  pay-sand  beds  thin  out  westward  and  within  the 
limits  of  the  Balakhany  field  disappear  altogether,  and  the  upper  oil 
"ands  are  met  here  quite  cl(»e  to  the  surface. 

It  ia  evident  from  the  above  description  that  within  the  boundaries 
if  the  Balakhany-Sabunchy-Ramany  oil  fields  we  have  three  divisions 
cif  oil-bearing  sands;  the  first  and  topmost  having  a  thickness  of  some 
1.225  ft.  together  with  the  interlying  clays,  while  the  thickness  of  the  pay 
anda  alone  reaches  some  600  ft.,  whereas  separate  pay-sand  beds  vary 
'mm  several  feet  to  70  ft.  This  first  division,  as  shown  above,  ia  divided 
ffom  the  second  by  thick  water-bearing  sands  and  sandstones.  The 
^eoHid  oil  divislou  out  of  a  total  thickness  of  some  600  ft.  comprises 
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280  ft.  of  oil  Bands,  and  at  last  we  come  to  the  lowest  and  thickest  Kir- 
maku  oil  division,  which  contains  hardly  any  barren  interlayers  at  all. 

Of  these  three  oil  divisions  only  the  first  has  been  extensively  worked, 
and  all  the  oil  which  has  been  obtained  from  these  fields  during  the  40 
years  since  the  first  boring  wells  were  sunk  here  has  been  produced  from 
these  600  ft.  of  oil  sand.  As  stated  before,  the  first  gushers  on  the  Balak- 
hany  field  were  brought  in  from  a  depth  of  120  to  350  ft.  At  the  present 
time  the  average  depth  of  producing  wells  at  Balakhany  is  over  900  ft. 
(minimum,  300  ft.;  maximum,  1,800  ft.)  and  the  production  has  been 
reduced  from  gushers  to  an  average  of  8,000  barrels  per  well  per  year, 
or  some  25  barrels  per  day. 

On  the  Sabunchy  field  the  average  depth  of  producing  wells  at  the 
present  time  is  about  1,200  ft.  We  know  from  the  description  and  the 
sketch  given  above  that  the  oil-bearing  layers  on  this  field  are  to  be  found 
under  a  greater  thickness  of  overlying  barren  beds,  and  the  depth  of  wells 
varies  from  about  700  to  2,300  ft.  We  shall  further  see  that  on  the 
Ramany  field,  which  lies  still  further  along  the  dip  of  the  strata,  the  wells 
have  to  go  down  to  still  greater  depths.  The  production  on  the  Sabunchy 
field  averages  55  barrets  per  well  per  day,  or  some  17,000  barrels  per  year. 
A  considerable  drop  of  production  has  been  noticed  here  during  the  last 
few  years;  10  years  ago  the  average  production  stood  at  45,000  barrels 
per  well  per  year. 

On  the  Ramany  field  the  averse  depth  of  producing  wells  is  1,600  ft. 
(minimum,  1,000;  maximtim,  2,450  ft.).  The  average  production  per 
well  per  day  is  110  barrels,  or  per  year  some  26,500  barrels,  whereas  some 
10  years  ago  the  yearly  production  per  well  was  80,000  barrels. 

Below  I  give  a  short  summary  of  the  Baku  production,  also  the  num- 
ber of  producing  wells,  average  production  per  well,  and  the  number  of 
gushers.  In  these  statistics  I  include  the  Bibi-Eibat  fields,  which  will 
be  discussed  on  the  following  pages: 

Besides  the  above  mentioned  number  of  producing  wells  in  1913, 
about  500  wells  were  being  drilled  on  all  the  four  fields,  about  400  wells 
were  being  deepened  to  the  next  producing  stratum,  and  in  about  1,800 
wells  work  had  been  temporarily  stopped.  This  brings  the  number  of 
wells  on  all  four  fields  to  5,590. 

All  this  enormous  amount,  1,113,700,000  barrels  of  oil  on  the  three 
fields,  Balakhany-Sabunchy-Ramany,  has  been  drained  from  the  600  ft. 
thick  sands  of  the  first  oil  division.  The  second  oil  division  has  been 
only  lately  reached  by  a  few  wells  on  the  Balakhany  fields,  but  these 
wells  have  only  served  as  tests  and  no  oil  has  been  extracted  from  those 
still  virgin  beds;  the  wells  will  have  to  reach  a  depth  of  3,500  ft.  and 
deeper.  After  this  division  is  exhausted  we  have  still  the  deepest,  or 
Kirmaku,  oil  division.  Thus  we  see  that,  although  the  production  of 
oil  from  the  first  oil  division  threatens  to  drop  from  year  to  year,  we 
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have  &tt  Baku  some  deeper  oil  horizons  which  are  practically  virgin 
ground.  We  shall  further  see  that  on  the  Bibi-Eibat  field  there  ue 
also  unexhausted  deeper  horizonB,  while  all  around  Baku  on  the  coast 
of  the  Caspian  and  further  inland  prospecting  work  reveals  new  oil- 
bearing  territories. 

The  Bibi-Eibat  field  lies  in  a  valley  of  the  same  name  stretching  from 
Cape  Bailoff  to  Cape  ShikhofF  at  a  distance  of  a  couple  of  miles  from  Baku 
city.  The  valley  extends  in  a  narrow  belt  for  a  mile  alot^  the  sea  coast; 
on  the  north  and  west  it  is  bordered  by  lofty  cliffs  in  the  shape  of  a  horse- 
shoe. The  width  of  the  section  under  actual  exploitation  is  about  5,000 
ft.,  its  area  being  about  520  acres,  out  of  the  800  acres  comprised  in  the 
valley  limits.  The  general  incline  of  the  valley  is  from  northeast  to 
southwest. 

The  rocks  forming  the  Bibi-Eibat  valley,  as  elsewhere  on  the  Apsheroo 
peninsula,  belong  to  the  post-Tertiary  and  Tertiary  formations.  The 
surrounding  clifFs  are  shelly  limestone,  marl,  clay,  sandstone,  and  sand 
of  the  Apsheron  series. 

On  the  surface  we  find  horizontal  sheets  of  recent  Caspian  sediments 
overlying  the  lower  beds  of  the  Apsheron  series.  These  latter  reach  in 
different  parts  of  the  valley  a  thickness  of  500  ft.  They  outcrop  in  the 
central  part,  where  they  are  washed  off  to  a  certain  extent.  The  Apsheron 
is  underlain  by  the  Akchagil,  of  a  total  thickness  of  some  175  ft.;  this  is 
supposed  to  stratify  uneonformably  with  the  overlying  Apsheron  beds. 
The  Akchagil  is  underlain  by  a  number  of  interstratified  sands,  sandy 
clays,  clays,  and  marls,  composing  the  oil  measure,  which  has  been 
exhaustively  prospected  and  worked  by  numerous  wells  to  a  depth  of  2,500 
ft.,  while  several  wells  have  gone  below  2,800  ft.  Most  of  the  sand 
layers  are  saturated  with  oil  and  gas,  the  distinguishing  feature  being 
that  on  the  Bibi-Eibat  field  the  series  overlyii^  the  oil  measure  and  even 
the  Akchf^il  beds,  which  are  always  barren  on  the  other  group  of  fields, 
are  mostly  impregnated  with  oil. 

Down  to  a  depth  of  about  2,900  ft.  we  meet  over  30  separate  oil-bear- 
ing sand  layers,  from  7  to  90  ft.  thick,  with  a  total  thickness  of  about 
600  ft.  In  the  upper  horizons  the  pay  sands  are  divided  by  impervious 
clay  interlayers.  The  number  and  thickness  of  these  clay  layers  decrease 
with  the  depth  and  the  oil  horizons  are  isolated  in  a  far  inferior  way  from 
the  circulating  water.  Below  the  2,900  ft.  prospecting  has  revealed  the 
presence  of  a  number  of  oil-bearing  sand  strata.  They  outcrop  in  the 
Jassamal  valley  about  1  mile  west  of  Bibi-Eibat  and  are  actually  worked 
by  shallow  hand-dug  wells  on  the  slopes  of  Mount  Shaban-d^. 

Long  observations  have  established  the  fact  that  at  Bibi-Eibat  in  its 
eastern  part  the  strata  dip  north-northeast,  east,  and  southeast,  and  in 
the  western  part,  southwest  and  south-southwest.     This  indicates  that  - 
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these  strata  had  been  uplifted  into  an  elongated  dome  with  its  bxis  rim- 
ning  in  a  north-northwest  and  south-southeast  direction.  The  angle  of 
dip  is  7°  to  22°.  The  strata  are  further  fractured  by  faults  chiefly  of  a 
northwest-southeast  direction,  but  also  running  from  northeast  to  south- 
west. The  origin  of  these  faults  is  the  subject  of  some  contro- 
versy. Some  authorities  maintain  that  the  formation  of  the  fold  is  due 
to  the  plicative  forces;  i.e.,  that  the  strata  were  uplifted  into  a  dome- 
shaped  anticlinal  and  the  faults  are  of  subsequent  formation,  especially 
as  they  do  not  reach  any  considerable  depth.  Other  geologists  are  of 
opinion  that  the  Bibi-Eibat  uplift  is  the  result  of  upward  faulting  (borsts) 
which  played  a  prominent  part  in  the  formation  of  the  field,  and  the  oil 
deposits  of  the  valley,  as  well  as  the  productiveness  of  the  various  sections, 
depend  on  the  presence  of  such  faults. 

As  stated  before,  the  Bibi-Eibat  field  has  been  worked  since  1880  and 
268,500,000  barrels  of  oil  have  been  drained  from  that  field.  The  average 
depth  of  wells  on  this  field  at  the  present  time  is  over  2,000  ft.  {minimum, 
1,400;  maximum,  2,900  ft.),  while  the  production  per  well  per  day  averages 
no  barrels  or  per  year  about  33,000  barrels,  having  dropped  durii^  the 
last  10  years  from  118,000  barrels. 

On  the  Bibi-Eibat  field  some  of  the  wells  show  up  to  now  a  consider- 
able gas  pressure,  and  in  sinking  wells  to  horizons  exceeding  2,000  ft. 
big  gushers  are  frequently  brought  in.  We  have  reason  to  believe  that 
the  deeper  strata,  below  2,900  ft.,  contain  virgin  oil  reserves. 

As  far  as  the  petrography  of  the  oil  fields  of  the  Baku  district  is  cos- 
cerned,  it  was  found  that  the  clays  overlying  the  producing  series  as  well 
as  those  interstratified  with  the  sand  layers  are  of  various  colors — black, 
gray,  blue,  different  shades  of  brown;  they  merge  into  one  another  and  in 
neighboring  wells  differently  colored  clays  are  found  at  corresponding 
depths.  The  clays  are  pure  or  with  an  admkture  of  sand.  Sometimes 
gravel  or  boulders  are  imbedded  in  clays.  Generally  the  clays  contain 
salt  and   lime. 

It  has  been  observed  that  at  Bibi-Eibat  as  well  aa  on  the  B^akhany- 
Ssbuncby-Ramany  fields  beds  of  clay  occur  extensively  in  the  upper 
horizons  and  often  reach  a  considerable  thickness,  while  in  the  lower 
horizons  sands  predominate. 

The  clay  layers  play  an  important  part  at  the  oil  fields,  as  they  are 
the  impervious  partitions  between  the  oil-bearing  and  water-bearing 
layers  and  the  water  is  usually  shut  off  in  these  clay  beds. 

The  sand  layers  interstratified  with  clays  are  recorded  in  boring  togs 
at  Baku  as  water,  gas,  or  oil  bearing  sands.  The  first  is  usually  grit 
which  is  frequently  water  bearing.  The  second  is  a  fine  sand  with  a  large 
admixture  of  clay.  The  third,  or  oil  sand,  is  a  fine-grained  sand  impreg- 
nated with  oil.  If  such  a  sand  is  barren  of  oil  it  is  recorded  as  oil  sand  or 
washed  oil  sand. 
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Oil  aaDds  from  some  of  the  wells  were  subjected  to  analysis  and  it  was 
found  that  all  of  them  contain  quartz  and  mica  and  most  contain  carbon- 
ate of  lime.  Traces  of  copper  and  iron  pyrites  were  discovered  in  some. 
In  one  case  a  feldspatfaic  mineral  was  observed,  in  another  rutile,  in  a 
third  case  a  single  crystal  with  the  character  of  beryl. 

Reference  has  been  made  above  to  the  water-bearing  aands  and  sand- 
stones, dividing  the  first  and  second  oil  divisions.  But  unfortunately 
this  is  not  the  only  water  horizon  at  the  Baku  fields.  Water-bearing 
layers  are  met  throughout  the  thickness  of  strata,  but  mostly  in  the  lower 
producing  horizons.  As  a  rule,  especially  in  the  lower  horizons,  all  barren 
sands,  or  those  from  which  oil  was  drained,  are  saturated  with  water, 
which  seems  to  take  the  place  of  oil  in  such  sands.  These  water-bearing 
sands  are  usually  incased  between  beds  of  clay  and  should  thus  be  well 
isolated,  except  for  the  numerous  faults,  which  cut  through  the  fields  in 
all  directions  and  serve  as  a  connection  between  the  water  and  oil  sand 
layers. 

On  the  Baiakhany-Sabunchy-Ramany  fields  water-bearing  sand: 
occur,  beginning  from  a  very  shallow  depth  of  some  70  to  100  ft.  and  con- 
tinuing throughout  the  whole  of  the  first  division,  while  at  Bibi-Eibat 
down  to  1,400  ft,  there  are  no  well-defined  water  layers;  abundant  water 
outflows  occur  in  lower  horizons,  especially  at  2,100  and  2,650  ft. 

The  water-bearing  sands  vary  not  only  in  different  parts  of  the  fields, 
but  even  on  the  same  plot  and  in  the  same  well,  in  consequence  of  vwj'ing 
admixture  of  clay,  the  proximity  of  faults,  the  character  of  the  over- 
lying and  underlying  strata,  etc. 

The  waters  circulating  in  the  strata  of  the  Baku  oil  fields  may  be  sub- 
divided into  surface  waters  and  deep-layer  waters,  which  in  their  turn 
may  be  subdivided  into  the  waters  of  upper  and  lower  horizons.  All  the 
waters  are  saline,  with  varied  contents  of  solid  matter.  The  surface 
waters  usually  contain  little  mineral  matter. 

The  waters  circulating  in  the  producing  strata  are  more  saline  than 
the  surface  waters  and  differ  from  them  in  the  chemical  composition  of 
the  solid  matter.  On  the  whole,  the  waters  are  less  saline  in  the  upper 
horizons,  the  contents  of  salt  increase  with  depth,  and  then  again  ri^e 
less  saline  waters,  which  often  serve  as  an  indication  of  the  rise  of  deep 
water  into  upper  horizons.  At  Bibi-Eibat  to  a  depth  of  2,500  ft.  the 
waters  vary  from  11°  to  9°  B^.,  while  below  the  density  drops  to  7.5°  and 
6°  BS.  All  the  waters  analyzed  contain  alkalies  (potassium,  sodium, 
magnesium,  and  calcium)  and  also  chlorine  and  carbonic  acid.  No  sul- 
phuric acid  has  been  discovered  in  the  waters  from  the  wells  of  the 
Balakhany-Sabunchy-Ramany  fields,  whereas  over  50  per  cent,  of  the 
Bibi-Eibat  waters  analyzed  contained  traces  or  larger  amounts  of  sul- 
phuric acid. 

These  and  similar  observations  are  of  the  highest  practical  importance, 
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as  very  often  they  serve  as  guides  in  tracing  the  origin  of  the  water  which 
floods  the  wells  in  one  or  another  part  of  the  fields.  Among  other  very 
important  identifying  data  we  must  mention  the  temperature  at  the  bot- 
tom of  the  various  wells.  On  the  B^akhany-Sabuuchy-Ramany  field 
such  temperature  varies  between  19.8°  and  43.4"  C.  and  on  the  Bibi- 
Eibat  fields  between  34.2°  and  52.2°  C. 

Statistics  indicate  that  the  oil-bearing  strata  which  are  being  worked 
at  the  present  day  on  the  Balakhany-Sabunchy-Ramany  and  Bibi-Eibat 
fields  are  approaching  exhaustion.  Some  of  the  layers,  which  used  to  be 
oil  bearing  and  very  productive,  yield  very  little  oil  and  lai^e  amounts  of 
water.  The  gradual  increase  in  the  depth  of  producing  wells  points  to 
the  same  fact.  At  the  same  time  we  see  that  the  upper  pay  sands  are 
drained  to  a  larger  extent  than  the  lower  beds. 

As  to  the  lower  horizons  of  the  Baku  oil  measure — i.e.,  the  second 
and  the  Kirmaku  divisions — these  may  be  considered  to  be  perfectly 
virgin. 

At  Bibi-Eibat  the  lower  horizons  of  the  oil  measure  are  also  very  rich 
in  oil,  as  the  seven  or  eight  wells  carried  down  below  2,800  ft.  brought  up 
oil  in  gushers. 

The  chief  difficulty  in  drilling  to  the  deeper  pay  sand  is  the  presence 
on  both  groups  of  fields  of  thick  water-bearing  sands  dividing  the  upper 
pay  sands  from  the  lower  virgin  strata;  besides  this,  the  thickness  of  clay 
layers  in  the  lower  horizons  is  considerably  less  than  in  the  upper  horizons 
and  therefore  with  the  increase  of  depth  the  isolation  of  water  from  the 
pay  sands  becomes  more  and  more  difficult.  The  third  obstacle  lies  in 
the  depth  at  which  these  lower  pay  sands  occur.  Over  the  greater  pwt 
of  the  area  under  actual  exploitation  the  depth  at  which  the  lower  pay 
sands  may  be  worked  is  from  2,800  to  4,200  ft.  It  is  evident  that  drilling 
to  such  depths,  considering  the  presence  of  thick  water-bearing  sands,  is 
far  from  being  an  easy  matter.  But  no  doubt  the  improvements  which 
are  continually  introduced  in  drilling  methods  and  in  the  cementation 
of  wells  will  enable  the  Baku  producers  to  exploit  these  deep-lying  hori- 
zons, probably  in  the  very  near  future. 

In  conclusion,  I  must  draw  attention  to  the  fact,  that  the  Baku  oil 
field  is  one  of  the  most  remarkable  fields  on  the  face  of  the  earth.  We 
see  here  a  number  of  separate  pay-sand  layers  following  one  another,  all 
these  oil-bearing  beds  being  of  considerable  capacity.  Up  to  the  present 
time,  from  an  area  of  2,500  acres  these  oil  fields  have  produced  about 
1,400,000,000  barrels,  or  560,000  barrels  per  acre,  and  still  production 
continues  at  the  rate  of  about  52,000,000  barrels  per  year.  And  of  these 
2,500  acres  there  are  still  plots  of  Crown  lands  which  have  been  left  intact. 

This  enormous  accumulation  of  oil  on  such  a  comparatively  small 
area  is  due  to  the  very  high  holding  capacity  of  the  sands,  and  also  to  a 
very  favorable  geological  formation  of  the  locality — namely,  the  fact  that 
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the  sand  layer8  form  a  quaquaversal  anticlinal,  with  gently  dipping  strata 
on  the  wings. 

Besides  the  Balakhany-Sabunchy-Ratnany  and  Bibi-Eibat  fields, 
there  are  other  fields  on  the  Apsheron  peninsula  which  are  likely  to  prove 
very  good  producing  territory.  Thus  I  have  already  mentioned  the  Sur- 
akhany  field,  where  work  was  started  a  few  years  ago.  At  the  present 
time  this  field  produces  yearly  about  4,000,000  barrels  of  oil,  nearly  every 
well  sunk  to  1,400  to  2,100  ft.  proving  to  be  a  gusher.  The  area  of  this 
field  is  not  yet  defined,  but  we  have  abundant  data  to  show  that  this 
field  is  also  a  dome-shaped  anticlinal  with  its  axis  running  in  a  north-south 
direction. 

A  few  miles  further  east  there  is  another  similar  dome-shaped  uplift 
where  prospecting  work  is  carried  on  at  present. 

In  the  western  part  of  the  Apsheron  peninsula  oil  has  been  found  in 
several  localities  and  prospecting  work  is  carried  on.  This  will  show 
what  we  have  to  expect  from  the  western  section. 
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The  Origin  of  Petrolieiim 


(New  York  Meeting,   FebniuT,   1914) 

Apart  from  the  hypothesis  of  a  cosmic  origiD  (which  failed  of  accept- 
aoce  because  it  was  not  adequately  supported  by  facts),  the  only  im- 
portant controversy  concerning  the  origin  of  petroleum  has  been,  for  a 
long  time,  between  the  advocates  of  inorganic  and  of  organic  origin  re- 
spectively. Each  of  these  theories  has  had  a  long  history  of  develop- 
ment, and  is  still  being  perfected,  under  the  influ'ence  of  two  causes:  (1) 
the  increasingly  cictensive  and  thorough  study  of  the  oil-fields  (of  which 
new  examples  are  periodically  discovered  and  opened) ;  and  (2)  the  prog- 
ress of  synthetic  experiments  devoted  to  this  question.  Moreover,  the 
advance  in  our  physical  and  chemical  knowledge  of  the  properties  of  this 
peculiar  natural  product  has  necessarily  modified  all  criticism  of  con- 
flicting views. 

I.  The  Htpotbebis  or  Imoroanic  Origin 
That  the  notion  of  an  inorganic  origin  of  petroleum,  first  set  forth  by 
Berthelot  in  1866,  and  afterward  ingeniously  developed  and  formulated 
by  MendelejefT,  should  thus  have  proceeded  chiefly  from  chemists,  is  quite 
natural;  for  the  question  was  one  of  possible  chemical  processes  in  the 
earth's  interior,  and  of  imagined  chemical  reactions  to  be  verified  by  ex- 
periment. Hypotheses  of  this  kind  were  suggested  by  many  chemists,  of 
whom  two,  P.  Sabatier  and  J.  H.  Senderens,  may  be  specially  named  by 
reason  of  their  highly  interesting  chemical  experiments. 

Among  geologists,  Mendelejeff's  hypothesis  was  received  at  first  with 
much  interest  and  favor;  for  it  rested  on  the  assumption  of  a  central 
terrestrial  mass  of  iron  carbide,  and  the  geologists  had  good  reasons  for 
adopting  that  assumption.  Yet  comparatively  few  of  them  attempted 
to  furnish  geolt^cal  proofs  of  the  hypothesis:  the  majority  either  silently 
believed  in  it,  or  for  one  or  another  reason  rejected  it  altogether. 

An  apparently  weighty  support  of  Mendelejeff's  view  was  furnished  by 
the  American,  G.  F,  Becker,  who  found  in  the  oil-regions  of  the  United 
States  important  and  abnormal  disturbances  of  the  isogons  of  terrestrial 
magnetism,  and  inferred  that  in  these  regions  the  central  iron  mass  must 
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come  nearer  to  the  surface  than  elsewhere.  To  my  mind,  the  better 
explanation  is,  that  in  these  oil-fields  great  quantities  of  magnetic  iron 
have  been  placed.  All  iron  pipes,  especially  when  set  vertically  and 
hammered,  notoriously  become  magnetic;  and  this  is  the  case  with  the 
tubings  of  the  oil-wells — sometimes  to  such  a  degree  that  iron  screws, 
lowered  by  ropes  into  the  bore-holes,  are  so  strongly  attracted  by  the 
iron  linings  that  they  stick  fast,  and  will  not  descend  further.  Moreover, 
the  disturbances  of  the  isogons  are  not  uniform — a  circumstance  easily 
explained  by  the  varying  amount  of  iron  tubes.  Finally,  violent  irregu- 
larity of  these  curves  is  shown  in  places  where  deposits,  either  of  oil  or  of 
magnetite,  are  not  known. 

Mr.  Becker's  conclusions  were  disputed  by  W.  A.  Tarr  for  other 
reasons,' 

The  most  zealous  advocate  in  America  of  the  inorganic  origin  of  petro- 
leum, so  far  as  I  know,  is  Eugene  Coste,  of  Toronto,  who  has  collected 
with  praiseworthy  industry  all  the  facts  which  support  this  hypothesis. 
To  give  to  his  many  arguments  the  serious,  thorough,  and  critical  exami- 
nation which  they  deserve,  is  the  principal  purpose  of  the  present  paper, 
as  will  be  seen  further  on. 

During  recent  decades,  no  European  geologist  of  authority  has  advo- 
cated the  inorganic  origin  of  the  petroleum  occurring  in  large  deposits. 

II.  The  Hypothesis  of  Oroanic  Origin  . 
As  regards  organic  origin,  the  view  may  fir^  be  mentioned,  that  pe- 
troleum is  the  product  of  distillation  from  coal — from  which,  in  fact,  arti- 
ficial distillation  had  obtained  photogene  and  other  products  having  con- 
siderable physical  resemblance  to  kerosene.  This  view  was  first  ex- 
pressed in  Europe  by  F.  von  Beroldingen  (1778).  Von  Kobell,  Anstedt, 
Leon  Malo,  Romanowsky,  Noeggerath,  Huguenet,  v.  Hochstetter  and 
others  accepted  the  hypothesis;  but  the  proofs  adduced  by  v.  Beroldii^en 
were  soon  rect^nized  as  inadequate.  Since  petroleum  often  occurs  not 
underlain  by  coal-beds — occurrences  of  coal  and  oil  being,  in  fact,  usually 
(as  on  the  northern  border  of  the  Carpathians)  mutually  exclusive; — and 
since,  moreover,  the  distillation-products  of  coal  are  entirely  different 
from  petroleum  chemically  (as  Baron  Beichenbach  proved,  as  early  as 
1833),  this  hypothesis  had  to  be  abandoned.  So  far  as  I  know,  it  received 
no  support  in  America,  because  in  Pennsylvania,  the  mother-land  of  the 
oil-industry,  there  were  no  coal-beds  under  the  deposits  of  oil. 

Animal  Origin 
Hypotheses  of  an  organic  origin  were  thus  narrowed  to  the  direct 
transformation   of  animals  or  plants  to  petroleum.     Already  in   1794, 
Haquet  suspected  that  the  oil  of  Galicia  came  from  marine  mussels,  "  dis- 
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solved"  in  salt  water.  L.  v.  Buch,  Quenstedt,  Volger,  Nautnann,  Dufre- 
noy,  PoBepny,  Verbeck,  Fenneina,  and  many  other  eminent  geologists,  ac- 
cepted this  hypothesis,  mostly  in  view  of  the  circumstance  that  the  bitu- 
minous rocks  carry  the  fossil  remains  of  animals.  Bertils  found  in  the 
Kuban  district  of  southern  Russia,  in  a  bunch  of  mussel-shells,  a  substance 
partly  "petroleous,"  partly  animal  remains  still  undecomposed.  R.  A. 
Townsend  reported  a  similar  observation  from  the  Tertiary  oyster-baiflts 
of  Assam,  in  Asia.  Ch.  Knab  somewhat  extended  the  hypothesis;  and  in 
North  America  it  found  in  Whitney,  for  the  petroleum  of  California,  arid 
the  brilliant  Sterry  Hunt,  for  the  oil-deposits  in  the  ancient  limestones  of 
Canada,  Pennsylvania,  and  Ohio,  its  most  inSuential  advocates,  with 
whom  others  allied  themselves. 

When,  in  1876,  I  visited  the  oil-fields  then  under  exploitation  in  the 
eastern  United  States  and  Canada,  the  question  of  the  genesis  of  these  de- 
posits received  my  earnest  attention.  I  adopted  the  hypothesis  of  their 
animal  origin,  and  in  my  report  of  this  journey,  entitled.  Die  Petroleum- 
industrie  Nordamerikaa,  I  briefly  argued  in  its  favor.  Since  that  report 
was  the  first  account  given  in  the  German  language  of  the  geological, 
technical,  and  commercial  features  of  this  interesting  and  economically 
important  field,  the  hypothesis  of  animal  origin  (as  well  as  the  theory  of 
anticlinals,  advocated  by  me)  was  tested  by  observations  in  the'European 
oil-fields,  and,  confirmed  by  geologists  such  as  Tietze,  Paul,  Uhlig,  0. 
Fraaa,  v.  Giimbel,  H.  Credner,^C.  Zinken,  and  many  others,  it  continued 
to  win  more  and  more  advocates. 

In  1888  appeared  my  book,  Daa  Erddl  und  seine  Verwandien,  in  which 
I  examined  critically  all  the  genetic  hypotheses  known  to  me,  and  not  onlj' 
demonstrated  that  of  aiumal  origin,  but  pointed  out  certain  important, 
factors  in  the  process  of  transformation,  particularly  the  comparatively 
low  temperature  and  high  pressure,  as  indicated  by  geolt^ical  evidence. 
An  important  landmark  in  genetic  hypothesis  was  thus  established, 
furnishing  for  the  guidance  of  synthetic  experiments  two  important  con- 
ditions of  the  transformation  of  animal  bodies  into  petroleum. 

A  few  weeks  later,  C.  Engler,  of  Karlsruhe,  tested  my  theses  ex- 
perimentally, by  heating  in  retorts,  under  a  pressure  of  10  atmospheres, 
and  to  a  temperature  of  from  300°  to  400°  C.,^  first  fish-oil,  and  afterward 
Gshes  and  mussels.  He  obtained  in  this  way  a  product  very  like  petro- 
leum, from  which  he  isolated  several  members  of  the  methane  series.  My 
hypothesis,  thus  further  corroborated,  became  a  theory,  known  as  the 
Engler-Hefer  theory,  since  both  of  us  had  equally  contributed  to  its 
establishment.  It  won  the  support  of  chemists  as  well  as  geologists — 
whose  numerous  names  it  is  not  necessary  to  catalogue  here. 

'  It  is  well  known  that  time  may  replace  temperature;  so  that  nature  performed 
the  trangformatioa  at  lower  temperature.  Moreover,  processes  of  fermentation  are 
involved;  and  the«  often  produce  very  high  temperatures. 


D,3,l,:^..„G00gk' 


872  THB    OBIQIN    OF   PETROLEUM 

It  is  noteworthy  that  the  geologist  and  the  chemist  must  co-operate 
in  the  solution  of  genetic  problems  in  geology — the  former  by  investigat- 
ing the  natural  conditious  attending  a  given  formation,  while  the  latter 
synthetically  performs  the  process  itself.  Only  when  thus  confirmed  is 
the  theory  adequately  estabhshed. 

Vegetable  Origin 

A  great  additional  service  rendered  by  C.  Engler  was  his  tireless  labor 
through  many  years  in  the  investigation  of  the  various  transformations 
undergone,  up  to  the  present  time,  by  the  original  materials  and  primary 
forms  of  petroleum— a  labor  which  still  further  perfected  the  Engler- 
Hofer  theory.  These  investigations  showed  that  vegetable  fats  also,  by 
dry  distillation  under  high  pressure  and  at  comparatively  low  tempera- 
ture, could  be  transformed  into  petroleum,  as  American  chemists  (Warren 
and  Stoner,  Sadtler,  etc.)  had  already  proved.  Our  theory  could  there- 
fore be  extended  to  include  those  plants  which,  like  animals,  contun  fats 
and  albumens,  but  no  cellulose — namely,  the  microscopically  small  di- 
atoms. T.  Fegr&us  and  A.  F.  Stahl,  who  first  pointed  out  this  source  of 
petroleum,  were  followed  by  G.  Kramer  and  A.  Spilker,  and,  still  later, 
by  Potoni4.  This  hypothesis  is  applicable  only  where,  as  in  California,  the 
minute  and  delicate  siliceous  shells  of  these  fossil  alg«e  occur  in  connec- 
tion with  oil-deposits. 

Many  American  geologists  and  chemists  like  Lesley,  Newberry,  Ash- 
burner,  Shaler,  Orton,  Peckham,  Mabery,  etc.,  had  fdready  either  advo- 
cated a  common  animal  and  vegetable  origin,  or  (like  the  two  highly 
esteemed  investigators  last  named)  assigned  an  animal  origin  to  the  nitrog- 
enous California  product,  and  a  v^etable  one  to  the  non-nitrogenou3 
oil  of  Pennsylvania.  The  contrary  appears,  however,  to  be  the  truth, 
since  the  diatoms  are  found  in  Californian,  and  not  in  Pennsylvanian, 
oil-fields.  Probably  the  advocates  of  the  double  origin  were  not  think- 
ing of  these  microscopic  vegetable  forms  at  all;  they  speak  in  a  general 
way  of  "plants."  But  the  more  highly  organized  plants  cont^n  cellu- 
lose, which  would  leave  after  distillation  a  carbonaceous  residuum,  such 
as  is  not  found  in  petroleum  and  its  deposits.  For  this  reason,  the  above 
hypothesis,  once  ao  generally  favored,  could  not  be  finally  accepted. 

According  to  our  present  knowledge,  the  original  material  of  petroleum 
ia  principally  fat,  and  svbordinately  wax,  resin,  and  albumen.  These 
substances,  especially  fat  and  albumen,  occur  chiefly  in  both  the  lower  and 
the  higher  animal  organisms.  Petroleum,  therefore,  is  mainly  of  animal 
origin,  though  it  may  have  been  formed,  here  or  there,  from  fatty  plants, 
particularly  diatoms. 

The  foregoing  is  a  brief  review  of  the  development  and  present  condi- 
tion of  our  knowledge  on  this  subject.    In  Europe,  as  in  America,  most 
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geol<^;ists  and  chemiats  hold  to  the  organic  geneeis  of  petroleum,  and  L.  V. 
BaltoD,*  in  his  thorough  essay,  declares  himself  an  adherent  of  the  Engler- 
Hofer  theory. 

III.  The  Htpothesis  of  Volcanic  Origin 

Aa  already  observed,  Eugene  Coste,  of  Toronto,  seems  to  be  the  most 
zealous  American  defender  of  the  iii<»^amc  origin  of  petroleum.  Three 
of  his  p^>er8  on  this  subject  lie  before  me:  (1)  The  Volcanic  Origin  of 
OU  {Tratia.,  xxxv,  1904,  p.  288) ;  (2)  The  Volcanic  Origin  of  Natural  Gas 
and  Petroleum  {Journal  »f  the  Canadian  Mining  InBtitute,  vol.  vi,  1903,  p. 
73),  and  (3)  Petroleums  and  Coals  Compared  in  Their,Nature,  Mode  of 
Occurrence  and  Origin  (idem,  vol,  xii,  1909,  p.  273).  He  sees  in  petro- 
leum "the  product  of  volcanic  eolfataric  emanation."  In  the  following 
critical  examination  of  his  proofs,  I  refer  chiefly  to  the  interesting  paper 
last  named,  which  is  the  most  recent,  and,  moreover,  takes  account  of  the 
arguments  previously  stated  in  the  two  others. 

I  must  express  in  advance  my  surprise  at  his  statement  (p.  275) : 
"The  petroleum  series  includes  all  the  natural  hydrocarbons  with  the 
exception  of  the  marsh  gas."  This  hydrocarbon  is  found  in  every  petro- 
leum, thoi^h  it  escapes  as  a  gas  very  rapidly,  as  soon  as  the  oil  is  exposed. 
Of  natural  gas,  it  is  generally  the  essential  constituent. 

The  Proofs  Advanced  by  Coste 

Mr.  Coste  says  in  one  of  his  papers:  "The  vital  point  is  to  actually 
show  the  carbon  and  hydrocarbon  in  the  igneous  rocks,  lavas  and  emana- 
tions proceeding  from  these  internal  fluid  magmas." 

As  illustrative  instances,  he  cites  (on  p.  278  and  following  pages  of 
his  latest  paper)  the  following: 

1-  "Oil  in  aystalline  gneisB:  In  Flacerita  Canyon,  five  miles  east  of  Newhall, 
Los  Angeles  county,  Cftlifomia,  a  very  light  oil,  almost  naphtha,  of  a  gravity  between 
60*  and  60°  B.,  is  produced  from  crystalline  gneisses  which  overlay  the  San  Gabriel 
granite." 

Accordii^  to  the  investigations  of  G.  H.  Eldridge  and  Ralph  Arnold, 
this  so-called  crystalline  gneiss  is  not  gneiss  at  all,  but  a  metamorphic 
aystalline  schist,  perhaps  Jurassic,  and  hence  by  no  means  an  Archtean 
rock  which  could  possibly  be  regarded  as  eruptive.  It  is  a  metamor- 
phosed sedimentary,  and  can  give  Mr.  Coste  no  help— rather  the  contrary. 
The  oil  of  this  locality  may  be  in  its  primary  deposit,  or,  more  probably, 
it  m^  have  found  its  way  thither  from  the  neighboring  Tertiary  oil-field. 

2.  "Oil  and  bitumen  in  the  quiclcailver  deposits  of  California," 

'  Eamamie  Gwlon,  vol.  iv.  No.  7,  p.  608  (Oct.-Nov.,  1909). 
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Beii^  UDScquainted  with  the  geolo^ca)  relations  of  that  district,  I 
can  offer  no  suitable  explanation  of  this  occurrence,  and  will  only  remark 
that  these  bitumens  may  have  been  extracted  and  transported  from  deeper 
bituminous  rocks  by  the  ascending  ore-bearing  solutions.  Spirek  ascribes 
to  bituminous  rocks  the  occurrence  of  bitumen  in  the  Tuscan  quickmlver- 
mines.  Since  the  bitumens  occur  very  seldom  in  ore-deposits — ^particu- 
larly in  deep-seated  veins, — they  cannot  be  regarded asa  general  product 
of  deep  volcanic  zones.  They  must  have  a  purely  local  cause.  At  all 
events,  such  scanty  occurrences  of  bitumen  of  all  sorts  prove  nothing  as 
to  the  formation  of  rich  petroleum-deposits.  This  has  been  emphasized 
by  Prof.  Dr.  L.  Mrasec,  of  Bukarest,  who  ia  inclined,  moreover,  not  to 
admit  a  deep  source  for  the  rare  occurrences  of  bitumen  in  ore-deposits, 
n  of  Silver  Islet,  and  graphite 

To  these  instances  also,  what  I  have  already  said  is  appUcable.  No 
one  would  dtae  to  infer  from  the  sporadic  occurrence  of  graphite  in  mineral 
veins  that  deposits  of  graphite  are  of  volcanic  origin — still  less  when  (as 
in  the  Kaisersberg,  Styria)  the  graphite  is  accompanied  by  plant-fossils. 
It  seems  to  me  equally  audacious  to  argue  the  origin  of  the  great  deposits 
of  petroleum  found  in  sedimentary  rocks,  from  the  isolated  and  quite 
insignificant  occurrences  of  bitumen  in  veins. 


We  are  here  concerned,  not  with  "solid  petroleum"  (a  contradiction 
in  terms,  since  petroleum  is  a  liquid),  but  with  a  bituminous  mineral,  the 
combustion  of  which  left  an  ash  which,  in  one  locality  not  named,  con- 
tained uranium,  and  in  another  place,  in  Peru,  contained  vanadium.  The 
remarks  already  made  under  (2)  and  (3)  are  applicable  here;  and  I  will 
only  add  that  petroleum  is  almost  entirely  free  from  ash. 

5.  "Graphite,  diamond  and  hydrocarbons  in  meteorites." 

This  phenomenon  bears  no  relation  to  the  origin  of  petroleum,  nor  is 
it  at  all  surprising,  since  in  the  original  cosmic  material  carbon  must  have 
been  present  (probably  as  carbonic  acid),  and  must  have  been  segr^ated 
in  the  meteoric  masses,  as  in  that  of  the  earth. 

6.  "Oil  and  natural  gas  in  volcanic  rocks  in  Europe,  Africa  and  Mexico." 
These  occurrences,  few  in  number  and  always  very  small  in  extent, 

may  be  due  to  coal-beds  or  bituminous  rocks  which  the  volcanic  eruptive 
broke  through,  distilling  out  and  absorbing  into  its  own  mass  some  oil  and 
natural  gas.  This  distillation  of  bituminous  material  has  loi^  been 
practiced  in  the  Scotch  shale-oil  industry. 

7.  "Natural  gas  in  serpentine,  Asiatic  Turkey"^  (Chimaera). 
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Alexander  von  Humboldt  suggested  long  ago*  that  this  emission  of 
gas  might  be  connected  with  petroleum.  E.  Tietse,'  who  studied  the 
phenomenon  on  the  spot,  adopts  this  view,  and  calls  attention  to  the 
neighborhood  of  the  so-called  "Flysch"  fonnation,  which  so  frequently 
carries  petroleum. 

8.  "The  occurrence  of  oil  ai'Dund  volcanic  necka,  Merioo." 

This  proves  nothing,  since  the  mineral  oil  of  Mexico,  and  especially 
of  the  State  of  Tamauhpas,  named  by  Mr.  Coste,  is  widely  distributed, 
and  occurs  both  near  volcanic  necks  and  far  from  them.  Villarello,* 
Divifflon-ehief  of  the  Mexican  Geological  Institute,  and  one  of  those  best 
acquainted  with  the  oil-occurrences  of  Mexico,  concludes:  (a)  that  the 
oil  comes  from  a  marine  fauna;  and  (b)  that,  in  the  districts  explored 
hitherto,  it  is  found  only  in  secondaiy  deposits,  situated  in  highly  dis- 
turbed terrain,  connected  frequently  with  basaltic  eruptions.  Since  the 
volcanic  tuffs  are  highly  porous,  it  is  not  surprising  that  the  oil,  in  its 
migration,  should  accumulate  there  in  special  abundance. 

Of  all  the  foregoing  proofs  of  the  volcanic  oripn  of  petroleum,  only 
two.  No.  1  and  No.  8,  are  really  pertinent  to  the  question  of  the  gene«s 
of  valuable  deposits  of  oil.  The  rest  are  so  insignificaot  that  they  prove 
nothing, as  to  the  production  of  oil  in  large  quantities,  and  have  for  us 
only  a  purely  scientific  interest.  And  the  two  exceptions,  adducii^  the 
occurrence  of  petroleum  in  alleged  gneiss,  and  in  connection  with  volcanic 
necks,  have  been  shown,  I  think,  to  be  entirely  inadequate  as  proofs. 

As  a  logical  consequence  of  Mr.  Coste's  view,  deposits  of  petroleum 
should  always  be  found  in  the  vicinity  of  volcanic  eruptions.  But  this 
is  not  the  fact.  In  the  Carpathians,  the  "outer  bend,"  through  Galicia, 
the  Sukowina,  and  Roumania,  is  free  from  eruptives  and  rich  in  oil, 
while  the  "inner  bend"  is  rich  in  eruptives  and  poor  in  oil.  At  Baku,  in 
Alsace,  and  in  North  Germany,  as  in  Canada,  New  York,  Pennsylvania, 
Ohio,  West  Virginia,  Louisiana,  Texas,  etc.,  there  are  no  eruptives  near 
the  rich  oil-deposits.  In  Java,  Sumatra,  Borneo,  and  Burmah,  the  oil- 
fields are  far  from  the  regions  of  eruptive  activity. 

These  weighty  facts,  completely  contradicting  the  volcanic  hypothesis, 
Mr.  Coste  seeks  to  deprive  of  force  by  the  assumption  that  oil  and  gases 
have  ascended  from  greater  depth  through  fissures,  and  thus  were  de- 
posited far  from  eruptive  masses.  But  it  is  remarkable  that  the  Hun- 
garian Carpathians  are  much  more  disturbed  than  those  of  Gaficis  and 
Houmania,  and  are,  nevertheless,  poorer  in  oil — indeed,  for  the  most  part, 
contain  no  oil  at  all.  The  most  important  and  profound  disturbance  of 
the  Galician  Carpathians — the  so-called  KUppenzone — is  barren  ofoil, 

'  Kofmo»,  vol.  iv,  Obaovation  61. 

^Jahrhwh  der  k.k.  geolagUchm  ReichtanitaU,  Vienna,  vol.  x^txv  (1885). 

'  J.  D.  Vniarello  in  Dot  ErtOl,  hj  Engler  Euid  Hefer,Tol.  ii,  pp.  643  Hud  660  (1909). 
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like  ita  neighbor,  the  WeiiAsettmch.  The  Alps  are  traversed  by  deep 
faults  and  dislocations,  many  of  which  still  make  themselves  disagreeably 
felt  as  seismic  smiaces;  yet  no  noteworthy  oil-dei>08its  have  been  found 
among  them.  At  the  foot  of  the  Alps  on  the  north,  the  gas-springs  of 
Wels,  in  Upper  Austria,  are  found  in  quietly  deposited  and  undisturbed 
Miocene  strata.  In  the  rich  oil-bemng  Bat  anticlinals  of  Pennsylvania', 
I  sought  in  vain  for  any  dislocations  worthy  of  mention;  and  not  one  of 
the  intelligent  "oil-men"  whom  I  met  could  point  me  to  any  such  thing. 
East  of  that  oil-region,  we  find  in  the  Appalachians  mighty  disturbances 
of  all  kinds — deep  fissures,  sharply  wched  anticlinals, — but  no  oil.  At 
Pechelbronn,  in  Als&ce,  the  slightly  inclined  oil-bearing  sandstones  were 
formerly  mined  and  thus  thoroughly  explored,  without  the  discovery  of  a 
sii^le  dislocation,  showing  that  the  oil  was  occupying  its  primary  place 
of  deposit.  K.  Kalickij'  proved  the  same  proposition  for  the  oil-occur- 
rences on  the  island  of  Tscheleken.  Even  the  photographs  accompanying 
his  paper  are  concludve. 

The  Objections  Advanced  by  Cosie 

In  order  to  weaken  objections  to  his  own  theory,  Mr.  Coste  urges'  the 
following  objections  to  the  theory  of  oi^anic  origin: 

1.  "It  cannot  possibly  explain  the  large  petroleum  fields  below  the  CarboniferouB." 
Can  the  solfataric  hypothesis  do  that?    No:  Mr.  Coste's  proofs — 

except  No.  1  and  No,  8 — rest  wholly  upon  isolated  and  minute  occurrences 
of  bitumen.  No  one  has  ever  observed  at  a  solfatara  oiqr  accumulation 
of  petroleum  worthy  to  be  mentioned.  On  the  other  hand,  F.  Quenstedt* 
has  shown  that  1  square  mile  of  the  bituminous  Po^donia  slat»  of 
Suabia,  rich  in  animal  fossils,  contains  200  million  hundredweight  of  oil. 
In  other  words,  the  animal  remains  of  a  single  sedimentary  bed  can  furnish 
enormous  amounts  of  oil.  What  was  possible  after  the  Carboniferous 
era  may  have  been  possible  before  it  also.  Biological  activity  on  the 
earth  has  been  immense,  continuous,  and  widespread;  whereas  volcanic 
activity  has  been  local,  and  often  but  temporary,  discharging  here  and 
there  comparatively  insignificant  quantities  of  hydrocarbon  gases. 

2.  "Neither  can  it  explain  the  petroleums  in  the  volcanic  enianations  of  today." 
No  considerable  quantity  of  hydrocarbon  has  ever  been  found  in  a 

solfatara.  And  where  one  or  a  few  per  cent,  have  been  found,  they  can 
be  referred  to  bituminous  strata  which  have  been  intersected.  Moreover, 
positive  reports  of  hydrocarbons  (usually  given  as  methane,  CHO  are  to 

'  Ueber  die  LogeningBverh&Itnisae  dee  Erdols  auf  der  Insel  Celeken.    Mimoiret 
du  Comiti  Oiotogique,  St.  Petersburg,  New  Series,  Irvraiaon  59  (1910). 

■  Joumtd  of  the  Canadian  MiniTig  iTialilule,  vol.  xii,  p.  295  et  teg.  (1009). 

■  Eingt  mtd  Jtixt,  p.  67. 
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be  received  with  caution.  The  gases  of  the  Hawwian  volcano  Kilauea 
are  often  cited  as  an  example.  But  when  collected  directly  by  L.  D^ 
and  E.  S.  Shephard^°  they  were  found  to  contain  no  hydrocarbons  at  all. 
So  this  proof  also  fails.  The  small  quantities  of  marsb-gaa,  produced 
by  Brun  at  Geneva  throi^h  the  heating  of  certun  lavas,  m^  have 
formed  themselves  durii^  the  process  through  the  decomposition  of 
other  gases,  for  instance,  according  to  the  equation 

4  CO  +  8  H,  =  2  H,0  +  CO,  +  3  CH*. 

3.  Nor  can  the  o^&nio  theory  explain  the  petroleums  "in  the  volcanic  or  igneous 
rocks  in  all  parts  of  the  world." 

4.  "Nor  in  crystalline -rooka;  in  California  and  New  Brunswick,  for  instance." 

5.  "Nor  in  meteOTites." 

6.  "N<w  in  metalliferous  veins." 

These  four  points  have  been  already  discussed,  and  ahownto  be  invalid. 

7.  "It  is  also  at  a  loea  to  explain  why  the  petroleum  fields  in  every  district  are  foimd 
grouped  along  certain  lines  and  why  the  petroleums  are  found  thne  in  many  horiions, 
wbile  outcdde  of  the  lines  in  just  the  same  strata  and  over  much  larger  areas  all  the 
horisons  at«  barren." 

This  raises  the  comprehensive  question  of  the  structure  of  the  petro- 
leum-deposits, which  cannot  be  treated  within  the  limits  of  this  paper. 
I  will  only  say  briefly  that  the  oil  is  found  along  certain  lines,  because  it 
occurs  (1)  in  fissures,  (2)  in  folds,  and  (3)  in  long-drawn  channels  of  sand. 
The  fissures  are  directly  connected  with  the  primary  deposits.  In  folds, 
anticlines,  monoclines,  etc.,  the  position  xtf  the  oil  is  determined  by  the 
accompanyii^  natural  gas  and  water.  The  three  substances  arrange 
themselves  according  to  their  specific  gravity,  along  the  lines  and  surfaces 
presented  by  the  shape  of  the  fold.  If  the  oil-bearing  sands  occur  in  long, 
slender  bodies,  as  in  Alsace,  the  grouping  of  the  oil  "along  certain  Unes" 
is  not  surprising.  Since  the  oil-deposits  are  coastal  formations  originating 
under  special  conditions,  it  is  comprehensible  that  they  cannot  follow 
throughout  the  same  geological  horizon. 

S.  "It  cannot  explain  either  how  the  petroleums  can  posnbly  travd  out  of  their 
nippoaed  argam<v4«maia  source  in  some  impervious  clay  or  shale  to  accumulate  in  a 
few  porous  receptacles  far  distant  laterally  and  sometimes  hundreds  and  thousands 
of  feet  above,  or  even  below  as  some  assert,  and  this  all  through  most  impervious 
rocks  and  without  any  impelling  force  behind,  or  any  cracks,  joints  or  fissures  to  fol- 
low since  the  decompaeed  products  of  the  organisms  must  naturally  he  supposed  to 
come  from  the  whole  maas  of  the  strata  through  which  the  organisms  were  and  there 
could  not  be  fissures,  cracks  and  jtnnts  to  all  parts  of  the  strata." 

If  I  understand  Mr.  Coste  correctly,  this  passage  is  directed,  not  so 

much  against  the  theory  of  oi^nic  origin  as  against  the  hypothesis,  so 

popular  in  America,  of  the  regional  migration  of  petroleum.     In  this  re- 

"Jtrumal  i^the  WaikingUmAcademti  of  Seiencet,  vol.  iii,  p.  475  (1B13). 
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spect,  I  heartily  agree  with  him.  I  too  maiatiun  that  the  migration  of 
oil  can  take  place  only  in  cracka,  joints,  and  fissures,  the  source  of  motive 
energy  being  (as  has  been  often  demonstrated)  the  accumulation,  in  the 
primary  deposit,  of  natural  gas  under  high  pressure. 

9.  "It  cannot  poaaiblyeiplam  why  the  petroleiuna.altbou^ found  today  in  tbtar 
reaerroiT'4vckB  under  atrong  proeguree,  oonnot  by  meius  of  tbat  preaaure,  return  and 
disperse  back  to  their  original  sources;  tbey  should  be  able  to  return  the  way  they 
came,  uothing  is  to  prevent  them  and  there  is  plenty  of  preasure  for  the  return  voyage 
if  QQ«  admits  the  first  voyage  from  the  orgaoic  source." 

This  question  might  be  applied  to  Coste's  hypothesis  also.  As 
abeady  remarked,  petroleum  is  driven  by  gaa-pressure  to  a  considerable 
altitude  in  fissures;  and  its  removal  leaves  in  the  original  deposit  a  space 
in  which  the  gases  collect  and  keep  the  oil  above  them,  as,  for  instance, 
in  the  so-called  inverted  siphon,  when  partly  emptied,  the  entrance  of 
carbonic  acid  gaa  continues  to  maintain  the  height  of  the  water  in  the 
discharge-pipe. 

10.  This  objection,  based  on  alleged  features  of  the  occurrence  of 
petroleum  in  California,  I  must  leave  to  my  esteemed  colleagues, 
Ralph  Arnold,  B.  Anderson,  G.  H.  Eldridge,  and  other  distinguished 
invest^tors  of  the  oil-geology  of  that  State.  It  will  possess  for  thom 
no  difficulty. 

11.  "It  oonnotpoBsiblyexplainagain,  if  the  petroleums  can  travel  so  freely  through 
the  strata  as  to  be  able  to  accumulate  imder  an  anticline  from  organic  remains 
deposited  far  and  wide  laterally  (at  least  a  mile  or  two  or  much  more  in  rarder  to  allow 
for  the  quantities  obtained  in  many  fidds),  why  they  did  not  escape  out  into  the  free 
air  only  a  few  hundred  or  a  few  thousand  feet  away  at  most;  the  shales  above  the  sands 
are  not  any  more  impervious  than  tbe  shales  below  the  sands,  which  on  that  theory 
are  supposed  to  be  the  source  of  the  petroleums,  and  if  they  can  travel  freely  through 
the  sbales  which  are  the  most  impervious  rocks  of  the  sedimentary  series,  I  repeat, 
what  Is  to  prevent  them  from  getting  out  into  the  atmosphere?" 

This  question  properly  concerns,  not  the  oi^anic  origin  of  petroleum, 
but  a  hypothesis  of  its  migration,  advanced  to  explain  the  formation  of 
productive  deposits — a  hypothesis  which  I  reject,  holding  that  petroleum 
originated  in  the  sands  in  which  it  is  found,  unless  it  has  passed  throi^h 
fissures  to  other  sand-strata. 

12.  "It  cannot  account  for  the  continual  absence  of  petroleums  in  the  hard  parts 
of  organisms  preserved  in  the  sedimentary  strata." 

Oil  can  be  formed  from  the  soft  parts  of  animals  under  certain  con- 
ditions only,  amoi^  which  is  the  exclusion  of  air.  We  find  on  the  sea- 
shore many  hard  parts,  such  as  shells  and  skeletons,  of  marine  animals, 
from  which  their  organic  contents  have  totally  disappeared,  having  been 
destroyed  by  the  oxygen  of  the  air.  Since  this  generally  finds  access  to 
dead  animal  matter,  we  find  the  bard  parts  without  oil  very  frequently, 
and  oil  itself  infrequently  in  comparison,  because  only  under  special 
favoring  conditions. 
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13.  "It  oftiiaot  expl&in  the  evident  non-oonnection  of  petfoleum  depomb  with 
coal-beds." 

Since  the  latter  are  laDd-fornuitions  from  plants  containing  cellulose, 
vhile  the  former  are  marine  eetuary-fonnationa  from  animal  remains, 
there  can  be  no  connection  betveen  the  two  organic  processes  or  their 
products. 

14.  "It  cannot  aocount  tot  the  continual  association  of  petroleums  with  Htrong 
salt  and  sulphur  waters." 

Since  the  original  materials  of  petroleum  accumulated  in  marine  bays, 
having  but  limited  relations  with  the  ocean,  the  presence  of  strong  salt 
water  is  not  surprising,  but  constitutes,  on  the  contrary,  a  proof  of  our 
theory.  Sea-water  is  known  to  contain  sulphates  also,  which,  in  the 
process  of  oil-formation,  can  be  reduced  to  sulphides,  or  even  to  sulphur. 
As  a  mariae  formation,  petroleum  may  be  accompanied  by  salt,  gypsum, 
calcite,  and  dolomite;  and  this  explanation  of  their  presence  seems  to  be 
more  natural  than  that  of  a  volcanic  source. 

Fwlher  Considerations 

I  have  thus  answered  in  detail  both  Mr.  Coste's  objections  to  the  or- 
ganic, and  his  arguments  for  the  inorganic,  origin  of  petroleum.  The 
Latter,  however,  constitute,  strictly  speaking,  an  incomplete  statement; 
for  he  contends  only  that  petroleum  was  brought  by  solfataras  into  the 
cocker  parts  of  the  earth's  crust.  Concerning  the  questions,  oui  of  tohat 
and  how  it  was  formed,  he  is  entirely  silent.  His  explanation,  even  if  we 
w»^  able  to  accept  it  as  correct,  goes  only  half  way,  like  those  of  his 
predecessors,  Lenz  (1831),  Rozet  (1835),  S.'  W.  Pratt  (1846),  Choucourtoifi 
(1S63),  Tbore  (1872),  Fuchs  and  Saradn.  It  is  at  best  a  plant  without  a 
root. 

Even  if  we  had  proved,  or  should  hereafter  prove  (as  has  never  yet 
been  done),  the  presence  in  solfataras  of  large  quantities  of  marsh-gas, 
CHt,  such  gas  would  stream  into  the  air,  without  forming  petroleum. 
Beades,  we  know  of  no  process  by  which  CHt  can  be  converted  into  the 
higher  members  of  the  paraffine  series,  or  any  member  of  the  naphtha 
series.  This  circumstance  likewise  deprives  the  very  rare  occurrence  of 
CH(  in  ore-deposits  or  volcanic  rocks,  of  all  significance  as  to  the  origin 
of  petroleum. 

As  a  sincere  friend  of  the  petroleum  industry,  I  am  heartily  sorry  that 
I  must  reject  Mr.  Coste's  emanation-theory;  for,  if  it  were  true,  we  might 
expect  our  petroleum-supply  to  prove  inexhaustible,  new  quantities  being 
continually  furnished  by  solfataric  activity.  Unfortunately,  that  is  not 
the  case. 

Mr.  Coste  mentions  an  occurrence  of  hot  water  with  petroleum  in 
Texas.    This  is  a  purely  accidental  phenomenon ;  since  neither  in  the  great 
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Yellowstone  region  of  th«'mal  springs  ntff  in  any  d  the  European 
hot  springs  has  petroleum,  or  even  marsh-gas,  been  observed. 

Why  are  oiMeposits  lacking  in  the  liigbiy  fissured  true  Archfean  rocks 
of  Scandinavia,  Bohemia,  the  central  Alps,  the  Appalachians,  etc.;  and 
why  do  they  appear  first  in  the  aedimentaries  deposited  at  a  time  when 
the  earth  had  1::>ecom6  populated  with  organisms?  This  can  be  construed 
only  as  a  proof  of  the  organic  origin  of  petroleum. 

If  this  oil  had  ascended  from  great  depths,  it  would  have  impregnated 
all  porous  strata.  But,  on  the  contrary,  we  find  repeatedly,  between  two 
oil-bearing  horizons,  porous  rocks  containing  no  oil,  like,  for  example, 
the  Jamna  sandstone  in  the  Galician  Carpathians.  Underlying  the  oU- 
sanda  themselves,  there  are  porous,  yet  barren,  rocks. 

If  petroleum  were  the  product  of  distillation  at  high  temperature,  it 
could  not  contain  any  primary  paraffine,  and  it  would  be  richer  in  olefins. 
Neither  of  these  conclusions  is  confirmed  by  the  facts. 

The  occurrence  of  free  nitrogen  (not  in  the  form  of  air)  in  many 
petroleums  and  (often  in  considerable  amouot)  in  natural  gaa,  cannot  be 
explained  by  any  volcanic  hypothesis,  but  furnish^  another  strong  proof 
of  organic  origin.  The  same  may  be  said  of  the  optical  properties  of 
petroleum,  and  of  the  presence  of  cholesterin,  which  seems  to  be  acon- 
dition  of  the  polarization,  and  is  a  special  indication  of  animal  origin. 
Moreover,  the  high-molecular  pyridin  bases,  observed  in  many  oil- 
regions  (Galieia,  Alsace,  Baku,  Fergana,  Houmania,  Sumatra,  California, 
Egypt,  Algiers)  speak  conclusively  against  a  volcanic,  and  in  favor  of  an 
organic — particularly  an  animal — ori^n.  The  general  chemical  charac- 
ter of  petroleum  as  an  unstable  mixture  of  hydrocarbons  bears  similar 
testimony  against  any  supposed  pyrogenic  process  at  high  temperature. 


All  geological  and  chemical  facts  concerning  the  occurrence  of  petro- 
leum bear  unanimous  witness  in  favor  of  its  organic  origin,  and  hence 
conclusively  against  its  production  from  inorganic  substances,  and  the 
collateral  hypothesis  of  emanation.  The  doctrine  of  the  volcanic  origin 
of  petroleum  deposits  must  therefore  be  pronounced  to  lack  scientific 
foundation. 

To  demonstrate  this  fact  in  a  review  of  the  publications  of  Mr.  Coste, 
one  of  the  most  meritorious  and  zealous  representatives  of  that  hypothesis, 
has  been  the  purpose  of  the  foregoing  remarks.  Hence  I  have  adduced 
proofs  of  organic  origin  only  so  far  as  they  contradicted  the  opposite  view. 
For  a  detailed  exposition  and  defense  of  the  Former  theory,  I  refer  to  my 
two  books:  Das  Erddl  und  seine  Verwandten  (3d  ed.,  published  by  Vieweg 
at  Braunschweig  in  1912),  and  Die  Geologie,  Gevnnning  ujid  der  Transport 
des  ErdSls  (published  by  Hirzel  at  Leipzig  in  1909),  the  latter  of  which 
constitutes  vol.  ii  of  the  comprehensive  monograph  issued  by  Engler 
and  myself  under  the  title,  Das  Erddl. 
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Hietory 

Illinois  has  so  recently  attained  the  third  place  in  the  oil  production 
of  the  United  States  that  few  realise  its  great  importance,  or  are  aware 
of  its  highly  profitable  character.  Since  1907  Illinois  has  furnished 
about  15  per  cent,  of  the  United  States  output  and  about  10  per  cent, 
of  the  world's  production.  The  value  of  the  output  in  1913  is  estimated 
at  $30,000,000,  of  which  about  $20,000,0(X>  is  profit. 

The  present  prosperity  dates  from  1905,  but  efforts  have  been  made 
since  1865  to  develop  production  and  geologists  have  been  very  sanguine 
as  to  its  future  for  over  25  years.  Had  the  oil  operators  been  as  confident 
as  the  geologists,  the  field  would  have  been  opened  at  least  30  years 
earlier.  For  the  rich  Eastern  Illinois  oil  field  is  located  along  the  La 
Salle  anticline,  that  was  mapped  46  years  ago  by  Professor  Worthen  in  the 
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first  geological  survey  of  the  State.'  Prof.  T.  B.  Comstock  enthusias- 
tically wrote  in  1887*  about  the  highly  promising  character  of  this 
anticline,  to  which  he  again  called  attention  in  1889.* 

The  writer's  studies  in  1888  were  convincing  as  to  its  oil  future,  yet 
to  have  then  advocated  drilling  would  have  earned  the  reputation  of 
being  a  dreamer.  In  fact,  as  late  as  1903  the  writer's  si^gestion  to  a 
prominent  Pittaburg  oil  operator  to  prospect  in  Illinois  met  with  con- 
tempt and  derision,  which  was  representative  of  the  general  feeling  then 
held  by  the  oil  fraternity,  yet  this  same  party  made  a  large  fortune  four 
years  later  out  of  a  block  of  Illinois  oil  leases. 

The  first  commercial  wells  were  broi^ht  in  at  Litchfield,  50  miles 
northeast  of  St.  Louis,  where  in  1882,  in  driUing  for  coal,  gas  was  discover 
that  supplied  the  town  several  years.  Later,  some  oil  wells  were  brought 
in  that  until  1902  produced  a  lubricating  oil  that  pold  for  $5  a  barrel. 

In  1887,  at  Sparta,  40  miles  southeast  of  St.  Louis,  in  drilling  for 
water,  gas  was  discovered  that  supplied  the  town  about  20  years,  and  in 
1906  several  oil  wells  were  brought  in  half  a  mile  northeast  of  the  gas 
wells. 

In  1890,  in  drilling  for  water,  gas  was  discovered  near  Pittefield,  in 
Pike  county,  that  later  developed  into  a  field  over  10  miles  long. 

The  present  highly  prosperous  era  dates  from  1904,  when  a  small 
gas  well  was  drilled  near  Casey,  in  Clark  county,  by  J.  J.  Hoblitzell,  who 
was  induced  to  prospect  at  Oilfield  on  the  showing  of  oil  and  gas  made 
by  some  old  wells  that  had  been  drilled  in  1865  by  Chicago  parties.  The 
latter  drilled  several  wells  on  the  evidence  of  oil  and  gas  seepages,  but, 
although  a  little  was  found,  the  wells  were  a  failure  from  not  casing  off 
the  water;  i.e.,  they  were  drowned  out.  Several  more  small  wells  were 
brought  in,  but  they  were  so  discouraging  that  they  failed  to  interest  the 
scouts  that  flocked  in  when  leases  were  only  S5  to  $10  an  acre.  When  a 
40-barret  well  was  subsequently  brought  in,  the  "talent"  promptly 
scurried  after  leases,  which  rapidly  advanced  to  SlOO  to  1200  sji  acre, 
and  since  then  the  Eastern  Illinois  field  has  rapidly  developed  along  the 
La  Salle  anticline.  The  southern  extension  was  discovered  in  February, 
1906,  in  Crawford  county  and  by  midsummer  the  adjoining  Lawrence 
county  began  producing.  The  Allendale  pool,  at  the  south  end,  was  dis- 
covered in  September,  1912.  Shipments  by  tank  cars  started  in  June, 
1905,  and  within  a  year  the  first  pipe  line  reached  the  field,  followed 
by  four  others  that  had  a  daily  capacity  of  112,000  barrels  by  1909. 

On  the  western  side  of  the  State,  the  Butler  oil  and  gas  was  discovered 
in  1907,  the  Centralia  pool  in  1908,  the  Greenville,  Carlinville,  and  Sando- 
val pools  in  1909,  and  the  Carlyle  pool  in  1911. 

'  Owlogical  Survey  of  /iiinow,  vol.  iii  (1868). 

>  Oil  and  Natural  Qaa  in  Dlicois,  Proceedings  of  the  lUinoit  Society  of  Engineert 
and  Swveyort,  vol.  11,  p.  92  (1887). 

■  Bnfinteriti^  and  Mining  Journal,  vol.  slviii,  No.  26,  p.  666  (Dee,  28, 188(0. 
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The  total  production  to  Jan.  1,  1914,  is  209,018,914  barrels,  valued 
at  1156,025,398,  as  shown  in  Table  I.  This  record  for  output  and 
values  has  never  been  equaled  by  such  a  young  field,  as  it  requires  time, 
sawell  as  capital,  to  develop  a  new  field,  especially  where  there  was  such 
ft  lack  of  confidence.  While  the  latter  has  disappeared  since  1906  on  the 
easttfn  side  of  the  ba»n,  it  still  holds  as  regards  the  western  side 
of  the  basin. 


Tablb  I. — Summary  of  Illinois  OH  Production 


Yesr 

Output 

Value 

Stocks  Dec.  31 

Produc- 

Average 

BarrelB 

BarrelB 

ing  WellB 

Price 

1906 

4,397,050 

3,274,818 

2,509,598 

3,093 

,75 

1907 

24,281,973 

16,432,947 

16,751,305 

7,353 

.68 

1908 

33,686,238 

22,646,881 

29,209,660 

10,372 

.87 

1909 

30,898,339 

19,788,864 

32,343,887 

11,152 

.64 

1910 

33,143,362 

19,699,383 

31,324,784 

12,171 

.59 

1911 

31,317,038 

19,734,339 

24,063,870 

12,753 

.63 

[1912 

28,601,308 

24,332,606 

16,709,738 

13,222 

.85 

.1913 

22,SI2,S22 

30,000,000 

5,613,372 

14,0007 

1.32 

Total... 

.  209,018,914 

S156,025,398 

1M»      leoB      1907       ine      itoe      19M      lau       isia 
PiQ.  1.— Chart  SHOwraaOcTpnT,  Stocks,  Pbicbs,  and  Wklls,  Illinois  Oil  Fulds. 
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Since  1904,  21,730  wells  were  drilled  up  to  Jan.  1, 1914,  of  which  82.9 
per  cent,  were  producers,  that  came  in  with  an  average  daily  production 
of  38.5  barrels  per  well,  according  to  the  monthly  statistics  published  by 
the  OH  Ciiy  Derrick  (Oil  City,  Pa.).  This  average  is  based  on  tank  gaug- 
ings,  and  while  it  is  much  below  the  popular  estimates,  it  is  high  compared 
with  the  other  high-grade  oil  fields.  The  value  of  welb  averaging  38 
barrels  will  be  appreciated  when  it  is  considered  that  a  100-acre  lease  in 
Illinois  that  averages  10  barrels  per  well  usually  nets'lOO  to  125  per  cent, 
on  the  investment. 

A  condensed  riaumi  of  the  Illinois  oil  statistics  is  presented  in  the 
diagram,  Fig.  1,  which  shows  the  annual  production,  the  total  production, 
surplus  stocks,  average  annual  prices,  the  oil  wells  drilled,  and  the 
number  of  producing  wells. 

Loadion 

The  Illinois  oil  fields  are  in  the  southern  half  of  the  State  and  consist 
of  two  groups,  known  as  the  Eastern  and  the  younger  Western  fields. 

The  Eaetem  Field. — The  Eastern  field  is  situated  along  the  eastern 
edge  of  the  State  and  mainly  in  Clark,  Crawford  and  Lawrence  counties, 
with  slight  extensions  into  Edgar,  Coles,  Cumberland,  Jasper,  and  Wabash 
counties.  The  strike  is  quite  regular  and  runs  about  20°  west  of  north. 
The  length  in  Illinois  is  66  miles  from  the  Westfield  pool  at  the  north  end 
to  the  Allendale  pool  at  the  south  end.  The  field  crosses  the  Wabash 
river  at  St.  Francisville  and  extends  45  miles  through  the  southwestern 
portion  of  Indiana  and  continues  50  miles  southward  to  Hartford,  in 
Kentucky,  where  several  wells  were  brought  in  last  summer.  This  gives 
a  length  of  over  160  miles  along  the  La  Salle  zone  of  deformation  on  which 
oil  and  gas  have  been  developed.  A  marked  change  occurs  beyond  the 
Illinois  border,  as  the  field  becomes  very  irregular  and  highly  spotty,  at 
least  as  far  as  developed,  and  lacks  the  remarkable  reUability  and  con- 
tinuity that  characterize  it  in  Illinois.  The  width  of  the  field  ranges  from 
2  to  4  miles  at  the  northern  end  and  from  5  to  12  miles  in  the  central  and 
southern  portions.  The  field  seems  to  be  over  20  miles  wide  in  Crawford 
county,  but  this  is  undoubtedly  due  to  a  cross  anticline,  the  influence  of 
which  is  seen  in  the  new  pools  being  opened  in  Sullivan  county,  Ind., 
which  adjoins  it  on  the  east. 

The  accompanying  three  maps,  Fig.  2,  illustrate  the  development  of 
the  field  when  respectively  two,  four,  and  nine  years  old.  They  show  that 
it  is  premature  to  define  the  hmits,  as  the  boundaries  are  constantly 
extending,  and  new  sands  are  being  brought  in.  A  study  of  these  maps 
shows  that  at  the  end  of  two  years,  when  about  4,000  holes  had  been 
drilled,  apparently  less  than  25  per  cent,  of  the  area  along  the  anticline 
was  productive.  At  the  end  of  four  years,  when  about  12,000  holes  had 
been  drilled,  fully  50  per  cent,  was  found  to  be  productive.    At  the  end 
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of  nine  years,  when  about  21,000  holes  had  been  drilled,  over  80  per 
cent,  bad  proved  productive.  The  Eastern  Illinois  field  tonlay  is  the 
largest,  most  regular,  and  most  reliable  individual  oil  field  in  the  United 
States.    If  the  Allendale  pool  is  omitted,  there  is  only  one  break  io  its 


Map  Bhovino  Webtxkn  Ilunoib  Oil  Field. 


continuity  in  60  miles,  or  where  the  Embarrass  river  crosses  the  anticline. 
While  to-day  several  miles  separate  the  Allendale  pool  from  the  main 
field,  more  thorough  drilling  may  show  that  the  intervening  ground 


.coy  Google 


THE  UliINOIS  OIL  FIELDS  887 

is  productive,  as  this  has  repeatedly  happened  in  the  paat  e^ht  years' 
experience. 

The  Western  Field. — The  Western  IllinuB  oil  and  gas  field  is  situated 
in  Marion,  Clinton,  Bond,  Montgomery,  Macoupin,  Morgan,  Pike, 
Madison,  St.  Cl^,  Randolph,  Jackson,  and  Perry  counties,  as  shown 
on  the  accompanying  map,  liHg.  3.  As  the  western  flank  of  the  Illinois 
basin  is  about  three  times  larger  than  the  eastern,  and  as  there  are 
more  anticlines,  it  will  probably  develop  into  a  larger  field  and  ultimately 
produce  more  oil,  although  this  prediction  to-day  seems  as  rash  as  earlier 
ones  made  by  the  writer  that  have  since  made  good.  For  the  sands  and 
other  favorable  formations  are  practically  identical  on  both  sides  of  the 
basin,  while  the  more  numerous  western  anticlines  have  a  much  larger 
coUecting  area  to  supply  them.  As  the  Western  field  lacks  the  sim- 
phcity  and  regularity  of  the  Eastern  field,  it  will  be  more  difficult  to 
prospect  and  the  percentage  of  dry  holes  will  be  larger,  especially  it 
developed  in  the  h^hazard  manner  in  which  most  prospecting  is  carried 
on  by  "practical"  oil  men.  For  the  attitude  of  most  oil  operators 
toward  the  aid  that  can  be  rendered  by  geology  and  trained  experience 
is  mmilar  to  that  of  the  steel  maker  50  years  ago  about  a  chemist — "  an 
amusing  scientific  chap  who  uses  big  words  but  knows  nothing  about 
making  steel." 

Geology 

Structure. — The  geolc^cal  structure  of  Illinois  is  comparatively  simple 
and  regular,  like  its  topt^aphic  features,  which  latter  mainly  consist  of 
a  very  slightly  uudulatit^  sheet  of  glacial  drift  50  to  ISO  ft.  thick  through 
which  occasional  slu^psh  streams  have  sometimes  eroded  to  bed  rock. 

Under  the  fiat  prairie  surface  occurs  a  spoop-sbaped  basin.  Its 
north-and-south  axis  is  400  miles  long  and  its  width  is  140  to  180  miles. 
The  basin  is  occupied  by  alternating  sediments,  mainly  of  Carboniferous 
age,  that  have  a  maximum  thickness  of  about  2,000  ft.  The  formations 
thin  out,  die  out,  and  outcrop  toward  the  north  and  thicken  and  increase 
in  number  toward  the  south.  The  oil-bearing  "sands"  tend  to  decrease 
in  richness  toward  the  north,  as  a  result  of  this  thinning  of  the  beds,  and 
tend  to  enrich  toward  the  south,  from  the  thickening  of  same,  until 
they  come  within  the  malignant  influence  of  the  Ozark  uphft.  Thinning 
and  impoverishment  of  the  oil  sands  toward  the  north  also  occur  in  the 
nmilar  Mid-Continent  oil  field  (Oklahoma  and  Kansas),  in  which  the 
present  production  is  also  derived  from  the  coal  measures,  and  a  similar 
uplift  ruins  the  southern  end  of  the  field. 

Upon  the  flanks  of  the  Illinois  basin  occur  anticlines,  or  folds,  or 
elongated  domes,  which  in  water-chained  sediments  are  the  natural 
tr^ts,  or  zones  of  arrest,  or  concentration  axeas,  of  oil  and  gas.    The 
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anticlines  vary  considerably  in  the  amount  of  the  doming  and  are 
relatively  fiat  and  broad  compared  with  those  of  Pennsylvania.  They 
are  usually  flatter  and  less  persistent  in  the  Western  field  and  tend  more 
to  the  type  of  a  aeries  of  domes  along  the  uplift,  rather  than  a  con- 
tinuous ridge  type  as  in  the  main  Eastern  field. 

Coal  Meaetttea. — The  oil  thus  far  produced  in  Illinois,  with  minot 
exceptions,  is  derived  from  the  Carboniferous  system,  or  the  coal  meaauree, 
which  consist  of  alternating  shales  5  to  150  ft.  thick,  limestones  2  to  50 
ft.,  bituminous  coals  1  to  8  ft.,  and  sandstones  5  to  60  ft.  The  accompany- 
ing well  section  illustrates  the  variety  and  thickness  of  the  formations,  in 
which  only  the  basal  sandstone  (the  Ferruginous,  or  Benoist)  carried 
oil  at  this  particular  place.  The  six  sandstones  between  915  and  1,439 
ft.  frequently  contmn  oil  at  other  places,  especially  in  Lawrence  county, 
while  two  shallow  sands  did  not  show  in  this  well,  of  which  the  Dykstra 
(600  ft.)  produced  oil  2  miles  west  of  this  hole. 

The  shales  fluctuate  greatly  in  color,  texture,  and  thickness  and 
are  always  the  predominatii^  formation.  The  limestones  are  usually 
thin  and,  with  one  exception,  are  not  persistent.  The  coal  seams  are 
generally  thin,  or  1  to  3  ft.,  excepting  No.  6,  and  occadonally  Nos.  S 
and  2,  which  range  from  4  to  8  ft.  The  thin  seams  are  not  persistent, 
while  No.  6  is  remarkably  persistent  in  western  Illinois  and  is  easily  recog- 
nized by  its  limestone  roof.  The  sandstones  are  usually  porous,  are  firm 
and  stand  up  well,  and  are  generally  water-bearing.  The  porosity  varies 
considerably,  and  to  a  less  extent  the  fineness  of  grain,  which  largely 
explains  the  variations  of  different  wells  in  the  same  field  when  not 
complicated  by  a  variable  thickness. 

Type  Section  of  an  lUinoia  OH  Well 

The  Langewich  Well,  Centralia;  70  Barrels 

Formation  ™^«"  ^ 

Feet  Feet 

Sandy  clays  (drift) 155  155 

Shale -10  165 

Limestone 10  175 

Shale 90  265 

Limestone 20  285 

Black  shale 07  352 

White  shale 8  300 

Black  shale , 116  475 

WHte  shale 26  .  600 

Black   shale 115  615 

limestone 10  625 

Coal— No.  6  seam 7  632 

Black  shale _. 18  650 

limestone ". 26  676 
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-         ..  Thioknesa  Depth 

Formation  _,    .  ^   , 

Feet  Feet 

White  ahafe 40  71S 

DMk  Bhale 33  748 

Coa!  No.  5 6  753 

Black  shAle 42  795 

White  shale 60  84S 

BUok  ahale 30  87fi 

Limestone 12  887 

Blade  shale 13  900 

limeirtone 15  915 

iSofufftow— dark 15  030 

Black  riuUe 80  1,010 

Sandttone—ealt  natn 11  1,021 

Black  shale 16  1,037 

SamUtone—Balt  water 43  1,080 

Black  shale 20  1,100 

limestone — hard 2S  1,125 

Black  ahale 61  1,17* 

limestone  and  ah^ 50  1,226 

White  ahale 24  1,260 

BUck  ahale 45  1,295 

Bandy  limeatone 10  1,306 

Sandtlotu—AaA 38  1,343 

Dark  shale 26  1,368 


limestone 17  1,410 

ffiule 14  1,424 

Sandtbmt 16  1,439 

"Red  rock"  (shale) 11  1,450 

Dark  shale 6  1,465 

Iim«rtone 80  1,486 

White  shale 30  1,516 

limestone 7  1,522 

"Pencil  slate"  (caves) 30  1,662 

"Red  rock"  (shale) 8  1,560 

Hhale 32  1,692 

Oil  land  —0  ft.  pay 39  1,631 

(The  "big  lime"  is  probably  at  1,660  to  1,700  ft.) 

Sub-Carbonifenms. — The  following  succesaively  deeper  measures  occur 
in  niinoiB,  some  of  which  have  an  assured  future  as  oil  producers: 

The  Sub-Carboniferous,  or  the  Missisrappian,  immediately  underlies 
the  coa)  measuree  and  is  500  to  1,000  ft.  thick.  It  consists  mainly  of 
limestones  and  is  known  as  the  "big  lime"  by  the  drillers.  An  upper  bed 
(the  St.  Genevieve)  that  is  known  as  the  "McCloskey  sand"  is  occasion- 
ally odlitio  and  has  proved  the  richest  in  the  State,  as  the  wells  occasionally 
come  in  at  1,000  to  4,000  barrels. 

Beneath  the  "big  lime"  occurs  a  shale  bed  that  when  sandy  was 
found  to  carry  oil  and  gas  along  a  small  anticline  in  St.  Louis  on  the 
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western  fringe  of  the  basin.  Like  all  thick  limestones,  even  when  mostly 
non-magnesian,  like  this,  there  is  always  the  possibility  of  crevices  and 
chambers  serving  as  reservoirs  for  oil  accumulation  that  are  likely  to 
produce  good  wells.  While  such  reservoirs  are  erratic  and  will  be 
difficult  to  find,  they  suggest  occasional  wells.  The  200  water  wells 
drilled  about  St.  Louis  in  this  formation  occasionally  show  oil,  which 
indicates  that  where  artesian  conditions  have  not  washed  away  the  oil 
valuable  wells  will  be  found. 

Where  a  fault  has  exposed  the  "  big  lime  "  as  a  bold  bluff  near  Grafton, 
30  miles  northwest  of  St.  Louis,  it  ia  soaked  with  oil  for  about  125  ft. 
This  "oil  in  sight"  stimulated  considerable  drilling  in  the  neighborhood 
that  resulted  in  dry  holes,  as  the  oil  that  once  filled  the  limestone  escaped 
millions  of  years  ago  through  the  "  knocking  out  of  the  head  of  the  barrel " 
by  the  fault.  This  exposure  is  highly  important  in  almost  assuring  large 
wells  when  this  horizon  is  tapped  under  a  thick  cover  with  favorable 
structural  conditions. 

Recently  wells  of  10  to  25  barrels*  have  been  found  in  Oklahoma  in  the 
"big  lime,"altboi^h  the  prospect  drilling  in  that  field,  as  in  Illinois,  has 
almost  invariably  stopped  at  the  top  of  this  formation.  As  the  geolc^y 
of  the  Oklahoma  and  Illinois  fields  is  similar  in  many  respects,  the  devel- 
opments in  either  field  are  likely  to  prove  helpful  in  prospecting  the  other. 

The  Devonian. — The  Devonian  formation  is  usually  thin,  or  2  to  10 
ft.,  where  it  outcrops  along  the  Mississippi  river,  on  the  western  edge 
of  the  basin,  and  is  generally  a  black  shale.  It  has  been  found  over  100 
ft.  thick,  and  when  sandy  is  likely  to  be  an  important,  though  erratic, 
producer  of  oil.  Some  oil  of  excellent  grade,  or  39°  B.,  was  found  in 
the  Devonian  at  Old  Ripley,  in  Bond  county,  40  miles  northeast  of  St. 
Louis,  at  2,000  ft.,  and  also  at  Peters,  10  miles  northeast  of  St.  Louis,  at 
1,300  ft.,  but  at  both  places  the  sand  was  very  thin  and  hence  the  wells 
were  small. 

The  Niagara  Limestone. — The  Niagara  limestone  is  50  to  200  ft.  thick. 
The  Rke  County  gas  field  at  150  ft.  in  western  Illinois  and  the  recently 
developed  deep  sand  {2,800  ft.)  at  Casey,  in  eastern  Illinois,  are  in 
this  formation.  The  famous  old  crevice  well  at  Terre  Haute,  Ind.,  30 
miles  east  of  Casey,  also  is  in  the  Ni^ara  lime.  Where  this  limestone  is 
dolomitic,  and  consequently  porous,  as  in  Pike  county,  it  is  likely-  to 
prove  a  productive  horizon  if  anticlines  or  other  structural  conditions 
are  favorable. 

The  Trenton  Limestone.— The  Trenton  is  200  to  400  ft.  thick  and  is 
partly  a  porous  dolomite  and  partly  a  compact  limestone.  A  shale  that 
occurs  with  it  is  so  heavily  soaked  with  oil  as  to  burn  like  a  candle  and 
is  known  as  "oil  rock"  where  it  outcrops  for  about  300  miles  along  the 

♦Since  the  above  was  written,  a  250-baiTeI  well  has  been  struck  at  Big  Heart, 
Okla.,  at  a  depth  of  300  ft.  in  the  "big  lime"  and  with  a  surface  depth  of  2,200  ft. 
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western  fiinge  of  the  basin.  This  is  the  formation  that  carries  the  oil 
and  gas  in  the  adjoining  Indiana  field  and  also  in  the  Lima  field,  of  western 
Ohio.  Ab  it  is  usually  2,500  to  3,500  ft.  deep  in  southern  Illinois  and  has 
a  thick  shale  cover,  it  is  likely  to  be  a  rich  gas  producer,  ae  the  great 
depth  has  probably  prevented  leakage.  It  is  s  promising  formation 
for  both  oil  and  gas  and  underlies  the  entire  oil  field,  though  at  varying 
depths. 

Very  Deep  Sands.— About  200  to  400  ft,  below  the  Trenton  occurs 
the  St.  Petera  sandstone,  which  is  usually  100  to  200  ft.  thick  and  gen- 
erally coarse  and  very  porous.  Still  deeper  are  the  "second  "and  "third" 
sandstones,  that  are  interbedded  with  magnesian  Umestonee.  While 
these  are  possible  oil  horizons,  there  are  features  that  are  not  encouragii^, 
while  the  depth  will  be  4,000  to  5,000  ft. 

Oil  Cohditioha. — The  chemical,  physical,  and  structural  conditions 
in  Illinois  are  ideal  for  the  occurrence  of  profitable  oil  pools,  and  the 
geologists  incurred  little  risk  in  predicting  their  discovery  many  years  in 
advance  of  the  drill.  For  there  is  an  abundance  of  material  to  produce 
the  oil  in  the  bituminous  shales,  organic  formed  limestones,  and  coals. 
There  are  numerous  porous  beds  to  act  ae  reservoirs  in  the  porous  sand- 
stones and  dolomites.  There  are  many  shales  to  act  as  impervious  covers, 
(H"  "stoppers  to  the  bottle."  There  is  a  continuous  dip  on  the'<8ides  of 
the  basin  to  permit  gravity  to  rearrange  the  onginal  concurrent  aaso- 
cistion  of  water,  oil,  and  gas.  There  are  anticlines  to  trap  or  arrest 
the  Bscendii^  oil  and  gas  and  concentrate  them  into  pools,  and  the 
magnitude  of  the  baran  is  sufficient  to  insure  large  pools.  Stratigraphic 
conditions  have  prevented  artesian  circulation,  at  least  in  the  lower 
sands,  thus  preventing  the  washing  away  and  dissipation  of  the  oil  after 
reaching  the  anticlines.  Faults  and  dikes  are  either  absent,  or  are  so 
slight  iu  the  mun  part  of  ihe  basin  as  not  to  interfere  with  the  accu- 
mulation of  the  oil,  or  to  cause  its  dissipation.  While  these  conditions 
have  been  known  to  the  geologist  for  a  long  time,  it  is  only  since  1905 
that  they  have  been  demonstrated  to  the  satisfaction  of  the  oil  operators 
on  the  eastern  side  of  the  basin.  The  oil  men  are  still  skeptical  as  to 
the  western  field,  which  is  only  in  the  infancy  of  its  development,  and 
they  have  thus  far  lacked  the  course  to  test  the  deeper  horizons 
below  the  coal  measures. 

Description  of  the  Eastern  Illinois  Field 
The  Eastern  field  is  situated  along  a  strong  anticlinal  fold  known  as 
the  "La  Salle,"  as  it  passes  through  the  town  of  La  Salle  in  northern 
Illinois,  where  it  is  a  heavy  fault.  As  the  axis  of  the  anticline  dips  south, 
the  sands  deepen  and  increase  in  number  and  thickness  to  the  southward. 
The  No.  6  coal  seam,  which  is  well  marked  and  persistent  in  western 


.coy  Google 


892  THB  ILLINOIS  OIL  FIELDS 

Illinois,  serving  as  a  valuable  datum  plane,  is  frequently  absent^n  eastern 
Illinois,  or  is  difficult  to  recognize,  bo  that  the  correlation  of  the  "saada" 
is  uncertain.  All  of  the  sandstones  (or  "sanda")  are  more  or  less  len- 
ticular, as  usual,  or  thicken  and  thin,  come  in  and  die  out,  although  two 
of  them  are  surprisingly  persistent. 

The  field  is  divided  into  three  districts,  each  of  which  has  marked 
individuality,  which  are  known  as:  1,  the  Clark  County,  or  Northern, 
or  Shallow,  district;  2,  the  Crawford  County,  or  Central,  district;  and 
3,  the  Lawrence  County,  or  Southern,  or  Deep,  district. 

The  Northern  Diatriet. — The  Northern  district  is  mainly  in  Clark 
county,  with  slight  extensions  into  Edgar,  Coles,  and  Cumberland  coun- 
ties. Casey  is  the  commercial  center,  which,  like  the  other  towns  in  the 
oil  belt,  has  greatly  grown  and  prospered  since  the  field  opened  in  1905. 

Moat  of  the  wells  are  350  to  400  ft.  deep  and  are  in  a  light  gray, 
porous,  dolomitic  limestone  that  has  8  to  30  ft.  of  pay.  The  wells  come 
in  at  an  average  of  25  barrels,  ranging  from  5  to  50  and  occasionally 
at  100  to  200  barrels  per  day.  The  small  cost  of  a  well  resulted  in  con- 
siderable over-drilling,  with  a  consequent  rapid  decline,  and  many  wells 
were  abandoned  when  they  fell  off  to  one  to  two  barrels  with  oil  selling 
at  60c.  to  68c.  Aeceutly  the  abandoned  leases  have  been  re-drilled  and 
again  made  very  profitable,  especially  as  another  oil  horizon  has  been 
found  40  to  100  ft.  deeper,  that  comes  in  at  10  to  50  barrels. 

In  the  Siggins  pool,  2  miles  west  of  Casey,  a  sand  occurs  at  600  ft. 
that  is  20  to  60  ft.  thick  and  came  in  with  10  to  100  barrel  wells  and 
plenty  of  gas. 

Oil  shipments  by  rail  began  in  June,  1905,  and  in  the  following 
three  years  the  fidd  developed  rapidly.  Since  then  the  extenraons  have 
been  slight  and  there  was  little  activity  until  last  year,  when  a  second 
pay  was  found  at  about  450  ft.  The  district  is  producing  about  7,000 
to  8,000  barrels  daUy. 

Recent  deep  drilling  near  Westfield,  at  the  northern  end  of  the  field, 
has  found  a  dark-green,  high-paraffine  oil  at  2,750  ft.  As  the  wells  are 
small  for  such  a  deep  sand,  or  10  to  20  barrels  thus  far,  only  a  few  have 
been  drilled  and  they  are  on  the  western  edge  of  the  pool.  They  are 
probably  in  the  Niagara  limestone,  as  are  the  Terre  Haute  well,  30  miles 
east,  and  also  the  Pike  County  gas  field,  in  western  Illinois. 

The  Crawford  County  District. — The  Central,  or  Crawford  County, 
district,  with  Robinson  as  the  commercial  center,  is  the  largest  in  area 
and  has  made  the  highest  output,  as  100,000  barrels  a  day  were  pro- 
duced in  1907.  It  occupies  the  greater  part  of  Crawford  county,  with 
a  slight  overlap  into  Jasper  county  on  the  west,  and  extends  to  Indiana 
on  the  east.  The  great  width  of  over  20  miles  that  the  field  seems  to 
have  is  undoubtedly  due  to  a  cross  anticline  that  extends  into  Sullivan 
county,  Ind. 
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The  main  producing  horizon  occurs  at  about  900  ft.  and  is  known  as 
the  Robinson  sand.  It  ranges  from  S  to  30  ft.  in  thickness,  avbragit^ 
20  ft.,  and  the  wells  come  in  with  an  average  of  about  30  barrels  pet  day, 
ranging  from  5  to  100  and  occasionally  200  to  500  barrels.  A  sand  known 
as  the  Kibbe  occurs  at  750  ft.  in  the  northern  part  of  the  county,  and 
deeper  sands  occur  at  1,100  and  1,400  ft.  (the  latter  resting  on  the  "  b^ 
lime")  over  portions  of  the  field,  but  they  are  narrower  and  less  reliable 
than  the  Robinson  sand. 

The  district  was  opened  in  February,  1906,  by  the  discovery  of  the 
rich  Shire  pool,  n^ar  Oblong,  as  the  result  of  wlld-catting  started  by  a 
salted  well.  The  latter  opened  the  field  at  least  a  year  earlier  than 
would  have  resulted  from  conservatively  edging  southward  from  the 
Casey  district.  Four  very  active  years  of  drilling  followed,  that  rapidly 
enloiged  the  field,  and  for  the  past  six  years  it  has  been  a  consistent 
producer,  as  the  average  well  came  in  at  22  to  28  barrels.  There  has 
been  considerable  over-drilling,  especially  where  the  early  wells  were 
lai^,  and  the  wells  have  therefore  declined  to  a  very  moderate  produc- 
tion.   The  daily  output  of  the  district  is  about  12,000  to  15,000  barrels. 

A  local,  but  unsuccessful,  company  drilled  several  tests  about  Robin- 
son in  1901  to  1903,  that  found  trifling  amounts  of  oil  and  gas.  Develop- 
ments since  then  show  that  some  of  the  holes  were  located  In  the  pool, 
and  had  intelligent  advice  been  secured  the  efTorts  would  have  been 
rewarded  with  huge  profits.  This  experience  of  the  pioneers  failing  where 
later  followers  have  reaped  generous  rewards  has  been  repeatedly  dupli- 
cated in  Illinois.  Within  the  past  few  months  town-lot  wells  are  bmng 
drilled  in  Robinson,  which  was  condemned  by  the  earlier  oil  men  from 
the  neighboring  dry  holes.  Another  very  reliable  pool,  where  42  good 
wells  were  consecutively  brought  in  on  one  lease,  was  discovered  18 
months  ago  in  the  heavily  condemned  territory  3  miles  north  of  Robinson. 

The  Lawrence  County  District. — Lawrence  county,  at  the  southern 
end  of  the  field,  is  probably  the  richest  producer  of  high-grade  oil  of 
any  county  in  the  world.  A  few  pools  have  attained  a  larger  initial 
production,  but  the  nine  sands  and  their  great  staying  power  have  enabled 
Lawrence  county  to  muntain  a  duly  production  of  40,000  to  60,000 
barrels  for  the  past  seven  years.  Yet  the  first  three  tests  were  dry  holes 
in  what  has  since  proved  to  be  the  heart  of  the  pool.  The  old  oil  operators 
were  afraid  of  it  and  promptly  sold  out  in  its  early  development,  as  there 
was  no  gas.  It  occupies  the  greater  part  of  Lawrence  county,  with  a  small 
extension  to  Allendale  on  the  south,  in  Wabash  county.  Bridgeport  is 
the  commercial  center,  where  the  field  was  opened  in  1906  with  town- 
lot  wdls.  The  latter  are  still  profitable  producers,  which  is  one  of  the 
rare  exceptions  where  such  excessive  well  density  has  paid. 

The  development  of  the  field  has  been  steady  and  consistent,  as  the 
depth  and  high  cost  of  driUii^  have  discouraged  overdrilling.    The 
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first  wells  were  opened  in  the  Bridgeport  sand  at  about  900  ft.,  which 
came  id  at  20  to  100  barrels;  later,  other  lenses  of  Bridgeport  sands  were 
developed  at  780  and  1,000  ft.  Later  drilliog  brought  in  the  Buchanan 
sand  at  1,300  to  1,400  ft.,  the  "Green  OU"  at  1,525  to  1,576;  the  Kirk- 
wood  at  1,590  to  1,625;  the  Tracy  at  1,700  to  1,790,  which  has  produced 
wells  of  1,000  to  2,000  barrels;  and  the  McCloekey  at  1,S40  to  1,900  ft. 
The  latter  is  an  o&litic  limestone,  the  St.  Genevieve,  in  the  upper  portion 
of  the  MiaeiBSippi  lime,  and  is  very  rich,  as  it  has  produced  2,000  to  4,000 
barrel  wells;  the  oil,  like  the  Tracy  sand,  has  a  gravity  of  37"  to  39.5° 
B.  Recent  developments  have  brought  in  the  Richey  sand,  at  550  ft., 
that  was  overlooked  in  the  earlier  work. 

Three  to  five  of  the  above  sands  are  often  found  productive  on  one 
lease,  to  each  of  which  separate  wells  were  formerly  drilled.  In  recent 
practice,  one  well  is  made  to  serve  several  sands  by  perforatii^  the 
casing  at  each  horizon. 

The  Allendale  pool,  in  Wabash  county,  was  discovered  in  September, 
1912.  Only  one  sand  has  thus  far  been  found,  at  1,500  ft.,  which  pro- 
duces a  37°  gravity  oil,  but  with  no  gas.  The  wells  come  in  at  20  to 
800  barrels,  but  decline  rapidly,  and  the  pool  is  small  and  spotted. 

The  AaHy  output  of  the  Lawrence  County  district  ranges  from  42,000 
to  50,000  barrels. 

Description  of  the  Western  lUinoia  Field 

The  Western  Illinois  oil  field  is  so  much  younger  than  the  Eastern 
field,  with  two  minor  exceptions,  that  the  output  is  much  less,  although 
the  sands  are  essentially  the  same  and  also  the  grade  of  oil.  The  develop- 
ments of  the  next  five  years  will  probably  witness  a  large  increase  in  the 
output,  and  ultimately  it  will  probably  surpass  the  eastern  side  of  the 
basin.  For  the  western  Sank  is  about  three  times  as  large  as  the  eastern 
limb  of  the  Illinois  basin  and  the  anticlines  are  more  numerous.  It  will  de- 
velop less  rapidly,  however,  as  it  lacks  the  simplicity  of  the  Eastern  field, 
especially  if  prospected  in  the  erratic,  unscientific  method  usually  pursued. 

Marion  County. — In  sinking  a  coal  shaft  2  miles  north  of  Centralia, 
in  1908,  oil  seeped  in  at  600  ft.  from  a  small  fault,  which  stimulated  drill- 
ing in  the  vicinity.  A  strong  north-and-south  anticline  at  this  place 
had  been  previously  mapped  by  the  Illinois  Geological  Survey,  but,  as 
usual,  this  was  ignored  by  the  oil  men.  Several  5-barrel  to  20-barrel 
wells  were  brought  in  near  the  shaft  in  the  Dykstra,  or  600-ft.,  sand. 

In  the  following  year  two  light  wells  were  brought  in  2  miles  east  of 
Centralia  in  the  1,600-ft.,  or  Benoist,  sand  and  75-barrel  wells  since  then; 
the  log  of  one  of  these,  the  Langewich  well,  is  given  on  a  preceding  page. 
In  the  Dunn  well,  2  miles  northwest  of  Centralia,  the  oil  was  found  in  the 
Stein,  or  1,400-ft.,  sand.    Another  oil  sand,  though  light,  was  reported 
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at  1,300  ft.  ID  the  Wireback  well  that  was  drilled  last  fall  2i  miles  east  of 
Ceatralia,  id  which  the  Beaoist  sand  was  found  at  1,685  ft. ;  this  is  UDUSU- 
ally  low  and  explains  why  the  oil  was  light  and  the  salt  water  heavy,  as 
it  was  too  far  down  on  the  anticline  (too  far  east)  to  expeot  oil.  It 
is  difficult  to  obtain  reliable  information  about  the  Centralis  pool  and  it 
haa  the  earmarks  of  being  held  back  until  more  leases  are  obtained. 

Prospecting  for  the  extension  of  the  Centralia  pool  in  1909  brought  in 
a  good  well  at  Sandoval,  about  6  miles  north  on  the  same  anticline,  and 
in  the  following  year  a  rich  pool  was  drilled  in.  A  sand  was  struck  at 
about  1,400  ft.  (the  Stein)  that  came  in  at  25  t4  50  barrels  and  at  1,550 
ft.  the  Benoist  sand  came  in  with  wells  of  50  to  400  barrels  and  averaged 
110  barrels  per  day.  As  the  Benoist  sand  is  20  to  40  ft.  thick  and  has 
great  staying  power,  the  wells  are  all  sunk  to  this  horizon  and  produc- 
tion in  this  field  is  the  highest  priced  in  the  State.  There  is  plenty  of 
gas  in  both  sands,  and  the  No.  6  coal  seam  is  found  at  600  ft.  The 
Benoist  sand  rests  on  the  "big,"  or  Mississippi,  lime. 

The  Centralia  district  is  connected  by  a  4-in.  and  the  Sandoval  district 
by  a  6-in.  pipe  line  with  the  Ohio  Oil  Co.  lines,  while  Sandoval  also  has  a 
4-in.  independent  line  to  loading  racks  on  the  B.  &  0.  R.  R. 

Marion  county  has  the  highest  record  in  the  State  for  initial  produc- 
tion, as  the  U.  S.  Geological  Survey  statistics*  for  1910  show  that  60 
wells  came  in  with  an  average  daily  output  of  110.6  barrels;  Lawrence 
county  is  second,  at  102.7  barrels  in  1910  SDd  105  barrels  ia  1912,  when 
the  very  rich  McCIoskey  sand  was  discovered. 

Clinton  County. — In  prospecting  la  1910  along  aD  aDticline  near 
Carlyle,  to  which  attention  has  been  drawn  by  the  Illinois  Geological 
Survey,  a  100-barrel  well  was  brought  in  at  1,020  ft.  after  three  previous 
failures.  Hundreds  of  oil  men  rushed  in  and  bought  up  leases  in  every 
direction,  paying  t5  to  SIO  an  acre  10  miles  distant  up  to  $250  an  acre 
near  the  discovery  well.  A  rich  pool  was  rapidly  developed  and  the 
wells  came  in  at  20  to  1,000  barrels  per  day,  with  plenty  of  gas.  ADotber 
sand  at  800  ft.  that  was  overlooked  in  the  first  rush  has  since  been 
developed  and  came  in  at  10  to  30  barrels. 

The  Carlyle  pool  is  connected  by  a  6-in.  pipe  line  with  the  Ohio  Oil 
Co.  lines. 

The  123  wells  brought  in  during  1911  in  Clinton  county  came  in  with 
an  averf^e  duly  output  of  95  barrels,  the  highest  in  the  State  that  year, 
and  which  has  only  been  exceeded  by  the  adjoining  Marion  county  at 
110.6  barrels  (thehigheet  in  the  State),  and  by  Lawrence  county  (eastern 
Illinois)  at  105  barrels  in  1912. 

Bond  County. — Drilling  at  Greenville  in  1910  developed  a  gas  sand 
at  950  ft.  that  has  since  furnished  light  and  heat  for  that  town,  the  wells 
coming  in  at  2,500,000  en.  ft.  per  day. 

*  Prodvetion  of  Petroleum  in  1912,  U.  S.  Geological  Survey,  p.  68  (1913). 
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Subsequent  driHing  at  Old  Ripley,  10  miles  west  of  Greenville,  found 
oil  at  about  2,000  ft.,  in  the  Devonian  formation.  The  sand  was  very 
thin,  or  about  2  ft.,  and  the  wells  were  so  small,  or  5  to  25  barrels,  that 
they  were  abandoned,  as  oil  was  then  selling  at  60c. 

Montgomery  County. — The  first  commercial  gas  and  oil  found  in 
Illinois  were  developed  at  Litchfield,  at  about  600  ft.,  in  1882.  The  gas 
was  discovered  in  drilling  for  a  lower  coal  seam  and  it  supplied  the  town 
for  several  years.  Further  drilling  in  1886  found  eeveral  small  oil  wdls 
that  produced  until  1903  a  lubricating  oil  that  sold  for  S5  a  barrel.  In 
drilling  for  coal  at  BuMer,  8  miles  east  of  Litchfield,  in  1907,  gas  was 
discovered  at  600  ft.,  and  two  miles  north  a  simile  heavy  lubricating  oil 
was  found  in  the  same  sand,  but  developments  were  stopped  by  litigation. 

Macoupin  County. — Drilling  at  Carlinville  in  1909  found  gas  and  a 
little  oil  (2  to  5  barrels)  at  400  ft.  in  the  same  sand  as  at  Litchfield  and 
Butler,  that  has  since  supplied  that  town.  On  drilling  half  a  mile  east 
of  the  gas  wells  last  summer'  wells  of  40  to  100  barrels  were  brought  in 
from  the  same  sand  and  a  local  pipe  line  was  built  to  the  field. 

Pike  County. — In  drilling  for  water  new  Pittafield,  in  1890,  gas  was 
struck  at  168  ft.  in  the  dolomitic  Niagara  limestone,  but  no  use  was  made 
of  it  until  1905.  Since  then  a  field  10  miles  long  by  4  miles  wide  has  been 
developed  along  an  anticline  and  nearly  every  farm  has  its  own  gas  well. 

Randol-ph  County. — ^In  drilling  a  water  well  at  Sparta,  in  1887,  a  strong 
flow  of  gas  at  350  lb.  pressure  was  struck  at  900  ft.  that  supplied  that 
town  for  over  20  years  from  some  20  wells.  In  1906  oil  was  found  in 
several  wells  over  a  small  area  on  drilling  about  half  a  mile  northeast  of 
the  gas  field.  While  one  well  came  in  at  100  barrels,  most  of  them  were 
small,  and  shipments  have  about  ceased.  An  investigation  of  the  well 
records  by  the  Illinois  Geological  Survey  shows  that  the  wells  were 
drilled  on  a  local  "wart"  or  very  small  dome  in  a  synclinal  basin,  which 
clearly  explains  the  large  number  of  dry  holes  that  surrounded  the  small 
oil  pool. 

Morgan  County. — Small  amounts  of  oil  and  gas  were  found  near 
Jacksonville,  in  1910,  at  300  ft.,  which  is  the  most  northerly  occurrence 
that  suggests  commercial  value.  As  the  sands  thin  and  die  out  going 
northward,  the  prospects  are  not  encouraging  in  northern  Illinois. 

Madison  County. — At  Peters,  10  miles  northeast  of  St.  Louis,  excellent 
oil  was  found  in  1905,  in  the  Devonian,  at  about  1,300  ft.,  but  as  the  sand 
was  very  thin  the  wells  were  too  small  to  pay. 

St.  Clair  County. — At  Smithton,  several  small  oil  wells  were  brought 
in  during  1911,  at  160  ft.,  at  the  base  of  the  coal  measures,  along  an 
anticline  that  extends  northeast  through  O'Fallon.  As  the  oil  sand 
outcrops  a  few  miles  southwest  it  is  surprising  that  any  oil  was  found,  but 
prospecting  northeastwardly  along  the  descending  axis  of  the  anticline 
should  be  successful  when  deep  enough  to  be  beyond  the  leakage  zone. 
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At  Marissa,  gas  and  oil  were  noticed  in  1895  in  drilling  a  water  well, 
which  led  to  further  drilling  in  1912.  Two  good  gas  wella  were  brought 
in  at  600  ft.  As  the  neighboring  coal  mines  show  a  atrong,  wide  anti- 
cline, a  field  wiU  probably  be  opened  in  the  vicinity. 

Jackson  County. — A  small  gas  well  was  brought  in  near  Campbell 
Hill  at  580  ft.  in  1912  that  led  to  considerable  drilling  in  the  vicinity;  s 
little  oil  was  found,  but  thus  far  not  in  payii^  quantities.  This  county 
ia  so  f ar  south  as  to  be  within  the  discouraging  zone  of  faulting  caused 
by  the  Ozark  uplift  and  hence  there  is  grave  danger  that  the  oil  and  gas 
have  escaped,  at  least  from  the  large  pools  that  undoubtedly  once 
existed. 

Quality  of  the  Oil 

Over  92  per  cent,  of  the  Illinois  oils  grade  above  30°  B.,  which  is  the 
commercial  line  between  low  and  high  gravity  oil.  The  Flat  Rock  oil 
is  about  22°  gravity,  and  occasionally  oil  in  the  Robinson  and  Casey 
sands  grades  at  28°  B.,  on  which  there  was  formerly  a  dockage  of  8c. 
a  barrel;  but  for  over  a  year  all  grades  of  Illinois  oil  have  commanded 
the  same  price. 

Broadly,  the  gravity  of  the  oil  improves  with  depth  in  Illinois,  as 
the  oils  from  the  shallow  sands  in  Clark,  Crawford,  and  Macoupin 
counties  are  relatively  heavy,  or  from  28°  to  32°  B.,  while  the  oils  from 
the  deeper  sands  in  Lawrence,  Marion,  and  Clinton  counties  will  range 
from  34°  to  39.5°  gravity. 

The  color  of  the  Illinois  oils  is  very  dark  green  to  dark  brown,  except 
the  deep  Casey  oil,  which  is  light  green  and  high  in  parafBne. 

The  Illinois  oils  have  a  paraffine  base,  except  in  the  Bridgeport  and 
Flat  Rock  sands,  which  have  as  much  as  5  per  cent,  of  asphalt. 

The  oils  are  "sweet,"  or  essentially  free  from  sulphur,  as  the  latter 
averages  0.2  per  cent.,  ranging  from  0.1  to  0.5  per  cent. 

The  gasoline  content,  like  the  gravity,  improves  with  depth,  as  the 
Clark  County  or  shallow  oils  have  8  to  18  per  cent.,  the  Crawford  county 
oils  have  8  to  20  per  cent.,  and  the  deep  Lawrence  county  oils  have  10 
to  23  per  cent.,  while  the  heavy,  asphaltic  Flat  Rock  oil  has  only  1  to  4 
per  cent.    The  average  gasoline  content  is  about  15  per  cent. 

The  kerosene  content  ranges  from  25  to  38  per  cent,  and  aver^es 
about  31  per  cent. 

The  Oil  Sands 

All  but  two  of  the  so-called  "sands"  in  Illinois  are  sandstones,  and, 
OD  account  of  the  dip  of  the  basin,  the  depth  of  the  same  sand  will  vary 
according  to  the  distance  from  its  outcrop.  On  the  eastern  side  of  the 
State  the  depth  increases  toward  the  west,  and  on  the  west  side,  which 
is  much  the  longer  flank,  the  depth  increases  eastwardly  at  10  to  15  ft.  per 
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mile.  There  is  a.  secondary  general  dip  of  the  northern  three-fourths 
of  the  State  to  the  south,  due  to  the  dip  of  the  axis  of  the  Bpoon-shaped 
basin  to  about  Jefferson  county,  when  the  axial  dip  reverses,  with  a 
much  sharper  dip  to  the  north,  and  the  southern,  or  stub,  end  of  the 
basin  comprises  about  a  fourth  of  the  State. 

When  not  carrying  oil  or  gas,  most  of  the  Illinois  sands  are  saturated 
with  salt  water  and  dry  sands  are  local.  Even  on  the  anticlines,  if  a 
sand  is  thick,  oil  and  gas  frequently  occur  in  the  upper  portion,  while  the 
lower  part  of  the  sand  may  be  full  of  salt  water 

Two  of  the  oil-bearing  sandstones  are  quite  persistent  and  fairly 
uniform  over  large  areas  of  Illinois,  while  the  other  sandstones  are  lenses 
of  greater  or  less  magnitude  and  consequently  are  more  or  less  uncertain. 
The  lenticular,  uncertain  character  of  most  of  the  oil  sands  harmonises 
with  the  other  formations  of  the  Illinois  coal  measures,  as,  barring  No.  6 
ooal  seam  and  one  or  two  limestones,  the  limestones,  coals,  sandstones, 
and  shales  fluctuate  greatly  in  persistency  and  thickness — in  fact,  to 
such  an  extent  that  it  is  often  difficult  to  correlate  reliable  logs  of  different 
wells  on  the  same  lease. 

Basal  Sand. — The  most  persistent  and  easiy  recognized  "sand" 
rests  on  the  "big  lime"  and  waa  formerly  known  as  the  Ferruginous 
sandstone.  It  generally  raises  from  20  to  50  ft.  in  thickness,  is  usually 
coarse  and  porous  and  is  the  Sparta  gas  and  oil  sand,  the  Benoist  sand  of 
Sandov^  and  Centralia,  the  "deep"  sand  of  Crawford  county,  and  the 
Tracey  sand  of  Lawrence  eounly.  The  welU  usually  come  in  at  SO  to 
150  barrels,  ranging  from  5  to  1,500  barrels  per  day. 

Robinson  Sand. — About  200  to  300  ft.  above  the  basal,  or  Ferruginous, 
sandstone  occurs  another  sandstone  that  is  very  persistent  and  more 
frequently  carries  oil  or  gas.  This  is  the  "big-pay"  sand  at  Carlyle, 
the  gas  sand  at  Greenville,  the  oil  and  gas  sand  at  Litchfield,  Butler, 
and  Carlinville  on  the  west  side,  and  is  the  equiv^ent  of  the  Robinson 
sand  in  Crawford  county  and  the  Kirkwood  in  Lawrence  county.  This 
sand  is  5  to  50  ft.  thick,  averaging  15  to  25  ft.,  is  usually  quite  uniform, 
rather  coarse,  and  stands  up  fairly  well.  It  produces  wells  of  20  to  100 
barrels,  with  extremes  of  5  to  1,500  barrels  per  day. 

Casey  Sand. — The  400-foot,  or  Casey,  sand  in  Clark  county  is  a 
dolomitic  limestone,  which  is  unusual  in  the  coal  measures,  as  the  lime- 
stones are  seldom  magnesian.  The  dolomitization  has  rendered  it  porous 
and  therefore  capable  of  serving  as  a  reservoir.  The  wells  come  in  at 
17  to  30  barrels,  with  extremes  of  5  to  200  barrels  per  day. 

McCloakey  Sand. — The  McCIoskey  sand  in  Lawrence  county  is  an 
oolitic  horizon  (the  St.  Genevieve)  in  the  upper  portion  of  the  Missis- 
sippian  limestone.  Its  porosity  is  due  to  the  spaces  between  the  spherical 
granules  of  which  this  formation  is  composed,  and  as  these  are  large  and 
excessively  numerous  it  produces  very  large  wells,  or  from  50  to  4,000 
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barrels  per  day,  the  largeat  thus  far  found  in  Illinois.  The  excessive, 
coarse  porosity  that  is  responsible  for  such  large  wells  also  results  in  the 
oil  soon  draining  out;  hence  the  wells  soon  decline  to  a  modest  output. 

DriUing  Features 

Contrading. — Drillii^  is  generally  done  by  contract,  as  few  companiea 
operate  their  own  tools.  The  contractors  furnish  the  equipment  and 
deliver  a  completed  hole  on  a  footage  basis,  also  including  the  casing  if 
desired,  though  usually  the  latter  is  supplied  by  the  producer.  "Ma- 
chines," or  portable  rigs,  are  generally  employed  up  to  1,200  ft.,  although 
some  contractors  use  derricks  for  the  400'ft.  wells.  The  derrick  is  used 
when  over  1,200  ft.  and  is  usually  wood,  though  a  few  composite,  or 
"turn-buckle,"  rigs  are  employed,  and  rarely  the  all-steel  derrick.  The 
derricks  are  erected  by  special  rig-builders  at  an  expense  to  the  operator 
of  about  t700,  as  they  we  usually  left  on  completion  of  the  well  for 
subsequent  cleaning  and  pulling. 

As  the  fire  clays  under  the  coal  seams  frequently  cave  and  as  there 
are  several  water  sands  above  the  oil,  a  lai^  amount  of  casing  is  required. 
For  wells  not  over  1,000  to  1,200  ft.,  the  hole  is  started  with  10-in.  or 
I2-iQ.  drive  pipe,  followed  by  S}-in.  casing,  and  the  oil  sand  is  entered 
with  &|-in.  casing;  deeper  holes  are  started  with  16-in.  drive  pipe  and 
sometimes  finished  with  SyV-in.  casng.  The  gas  pressure  is  usually 
so  light  that  it  is  imperative  to  enter  the  oil  sand  with  a  "dry"  hole; 
that  is,  the  overlying  waters  must  be  shut  off  by  casing.  For  if  the  hole 
is  full  of  water  a  rich  oil  sand  might  be  passed  through  and  reported  as  a 
trace,  or  a  "showing,"  from  the  hydrostatic  pressure  holding  back  the 
oil  in  the  sand,  or  "drowning  the  oil."  This  is  what  delayed  the  opening 
up  of  the  Casey  district  some  40  years.  When  the  hole  caves,  under- 
reaming  bits  are  used,  which  permits  the  cani:^  to  follow  closely  after 
the  tools,  thus  preventing  them  from  getting  buried  under  the  cavings. 
Crooked  holes  occasionally  give  trouble  from  the  tools  being  diverted  by 
striking  a  "nigger-head,"  or  the  tough,  hard,  spathic  iron  concretions 
that  occur  in  some  of  the  shales. 

The  prices  paid  for  drilling  in  the  Casey  and  Crawford  districts,  where 
machines  are  used  and  there  is  no  caving,  range  from  70c.  to  80c.  per  foot. 
In  Lawrence  county,  the  rates  are  90c.  to  $1  to  the  Bridgeport  sand  (900 
ft.)  and  $1,30  to  11.50  to  the  deeper  sands,  where  more  or  less  under- 
reaming  is  required.  In  western  Illinois,  where  there  is  more  or  less 
caving,  the  rates  are  $1.15  to  $1.25  per  foot  up  to  1,100  ft.  and  S1.40 
to  $1.50  to  the  1,600-ft.  sand.  These  rates  are  subject  to  modifications 
according  to  haulage  and  whether  the  operator  furnishes  the  fuel  and 
water.  For  cleaning  out  the  hole,  etc.,  after  shooting,  the  charges  are 
S20  to  $25  a  day. 
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Drillera  are  paid  $5  and  back-handa  or  tool  dreBsers  $4  per  12-hT. 
shift,  with  two  men  "on  tower"  while  drilling  and  both  crews,  or  four 
men,  when  setting  or  pulling  casing. 

For  "wild-catting,"  or  drilling  at  a  disttutce  from  proven  fields,  the 
charges  are  higher,  or  usually  $2  per  foot,  from  the  inconveniences  and 
greater  delays  that  result  in  isolated  work. 

The  time  required  to  complete  a  hole  to  the  400-ft.  sand  ranges  from 
4  to  8  days,  as  from  30  to  100  ft.  are  drilled  per  shift.  It  takes  H  to  24 
days  to  drill  to  the  1,000-ft.  sand  and  30  to  60  days  to  the  l,60a-ft.  and 
1,800-ft.  sands. 

Shooting. — Shooting  has  been  the  salvatioD  of  many  Illinois  wells 
that  made  only  a  feeble  showing  until  shot,  after  which  they  came  in  at 
25  to  50  barrels.  Formerly  heavy  shots,  or  from  100  to  200  quarts 
of  nitroglycerine,  were  used,  but  so  much  sand  trouble  resulted  that  20 
to  80  quarts  are  now  employed,  depending  on  the  thickness  and  sc^tneas 
of  the  sand.  Several  feet  of  bottom  anchor  are  used  where  there  is  danger 
of  breaking  into  water  below. 

The  shots  are  fired  with  a  battery,  on  account  of  caving  trouble,  and 
the  chaise  is  placed  and  wired  before  the  68-in.  ca^ng  is  pulled. 

Well  DeTixiiy 

Acreage  Per  WeU. — The  usual  practice  in  Illinois  is  to  allow  about  5 
acres  to  each  well,  or  they  are  spaced  400  to  425  ft  With  10  to  25  ft. 
of  fine^Euned  sand  this  insures  a  slow  decline  and  a  reasonably  long  life. 
When  the  sands  are  thin,  or  so  deep  as  to  make  the  cost  excessive,  a  well 
is  ^ven  7  to  10  acres,  or  they  are  spaced  500  to  600  ft.  apart. 

In  the  shallow  sands,  where  the  cost  is  light,  the  wells  have  frequently 
been  placed  much  closer,  or  with  only  1  to  3  acres  to  the  well.  While 
such  over-drilling  temporarily  gives  a  large  output,  it  results  in  a  rapid 
decline  of  the  wells  and  sinks  an  excessive  amount  of  capital  in  a  needless 
number  of  short-lived  wells.  When  the  leases  are  very  small,  or  under 
20  acres,  or  where  very  large  wells  are  brought  in,  the  rivalry  among  neigh- 
boring operators  to  secure  as  much  of  the  oil  as  possible  usually  results  in 
over-drilling,  to  the  great  advantage  of  the  contractcffs  and  supply  men, 
but  at  the  expense  of  the  ultimate  profits  of  the  operators.  Town-lot 
wells  seldom  pay,  as  four  to  eight  wells  are  drilled  on  an  acre,  which 
usually  exhausts  the  oil  so  quickly  that  the  investment  is  not  always 
repaid.  The  wells  in  the  town  of  Bridgeport  are  an  unusual  exception, 
as  they  have  proved  quite  prc^table,  which  is  partly  due  to  the  staying 
power  of  the  Bridgeport  sand  and  partly  to  there  being  several  sands. 
For  the  same  reason  the  I-ao-e  school  leases  in  Lawrence  county,  on  which 
two  to  four  wells  have  been  drilled,  have  paid  well. 

As  an  extreme  case  of  excessive  weU  den^ty  in  a  normal  field,  yet  one 

L.,.„i,.f^,„Googlc 


THB  DXtNOIS  OIL  7IBLDS 


901 


that  haa  proved  highly  profitable,  a  sketch,  Fig.  4,  is  shown  of  the 
McBride  |-acre  tract,  4  miles  north  of  Bridgeport,  that  has  been 
operated  since  Jan.  1,  1908,  by  the  Silurian  Oil  Co.  It  is  'Burrounded  by 
four  leases  that  call  for  22  offset  wells  and  to-day  there  are  30  wells  on 
an  area  of  less  than  2  acres.  Yet  in  2,190  days  it  produced  200,000 
bairels  and  to-day  is  yielding  55  barrels  from  8  wells;  this  gives  an  average 
yield  to  date  of  25,000  barrels  per  well,  without  including  the  flush  pro- 
duction of  1907.  Five  wells  are  in  the  Bridgeport  sand  and  three  in  the 
Buchanan,  which  are  very  thick,^r  35  to  45  ft.,  which  explains  their 
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Fio.  4. — TmKTir  Wells  on  Tiro  Acbbs,  near  Bridoepoht,  III. 


ability  to  stand  such  a  very  heavy  drain;  they  came  in  at  35  to  300  barrels. 
The  sales  from  a  gas  well  in  the  Kirkwood  sand  (No.  9)  that  came  in  at 
5,000,000  ft.  exceed  «20,000. 

To  illustrate  the  richness  tA  this  territory  when  not  overtaxed  by 
excessive  w^  den^ty,  a  QeighbcH-ing  40-acre  lease  produced  1,069,347 
barrels  in  about  2,300  days  from  17  wells  in  three  sands,  or  over  60,000 
barrels  per  well,  and  the  wells  are  tanking  445  barrels  per  diem. 

Offsa  Wdla. — The  unwritten  law  to  locate  line  or  boundary  wells 
200  ft.  back  from  the  property  line  has  been  quite  well  lived  up  to,  and 
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thore  have  been' few  line  fights,  outeide  of  town-lot  and  aimllar  small 
leases  where  disputes  are  unavoidable.  The  offset  wells  have  usually  been 
promptly  drilled,  especially  in  the  early  days  when  the  wells  were  larger, 
and  the  drill  is  generally  kept  bu^  in  developii^  a  lease  until  all  the  line 
or  boundary  wells  are  completed.  The  inside  locations  are  siibsequrattly 
drilled  deliberately  and  on  many  40-acre  and  80-acre  tracts  they  have  been 
omitted,  as  it  is  found  that  the  line  wells  will  eventually  drain  the  interior 
of  the  lease. 

Plant  Equipment 

Casing. — Casing  b  the  heaviest  investment  on  a  lease  and  ranges  from 
$1  to  11.50  a  foot  up  to  1,000  ft.,  and  from  $1.50  to  $2.50  in  deep  holes,  or 
1,400  to  1,900  ft.  Formerly  all  the  cadng  was  left  in  a  hole,  but  the  larger 
sizes,  or  above  8}-in.,  are  now  pulled  and  re-used.  Casing  require- 
ments vary  with  every  hole,  but  the  following  approximations  cover  most 
cases:  A  1,000-ft.  hole  will  reqmre  50  to  200  ft.  of  10-in.  to  reach  the 
rock;  from  200  to  600  ft  of  8l-in.  to  shut  off  the  upper  waters;  from  800 
to  1,000  ft.  of  6|-in.  to  reach  the  oil  sand.  A  1,600-ft.  hole  will 
require  50  to  150  ft.  of  16-in.;  from  200  to  600  ft.  of  12l-in.;  from  600 
to  1,000  ft.  of  10-in.;  from,  1,000  to  1,400  ft.  erf  8l-in.;  and  from  1,400 
to  1,600  ft.  of  6|-in.  Occasionally  a  string  of  5Ts-in.  casing  is 
employed  to  finish  a  hole,  if  water  sands  or  the  under-reaming  have 
been  excessive.  The  price  of  casing,  which  is  subject  to  great  variation, 
is  about  as  follows,  to  which  5  to  20  per  cent,  should  be  added  for  freight, 
unloading,  hauling,  etc.,  to  arrive  at  the  cost  at  the  well. 

Per  Foot 

16-in.,  1^  thick  (drive  pipe) *3.26 

'12i-in.,  36  lb.  per  foot  (drive  pipe) 1.20 

10-in.,  32  lb.  per  foot :.     0.85 

Si^.,  24  lb,  per  foot 0.63 

ef-in.,  17  lb.  per  toot 0.45 

5iV"»-,  13  lb.  per  toot 0.3S 

Derricks. — If  a  well  is  drilled  with  a  derrick,  it  is  usually  allowed  to 
remain  for  subsequent  cleaning  and  pulling;  otherwise  portable  pulling 
machines  are  employed  when  a  well  needs  attention.  As  the  high  drill- 
ing derricks  (64  to  84  ft.)'^are  occasionally  blown  over,  they  are  often 
replaced  by  40-ft.  pulling  derricks,  which  are  free  from  this  danger. 

Pumping  Outfit. — The  wells  are  equipped  with  2-in.  pumps  and  tubing 
as  the  salt  water  is  seldom  bo  heavy  as  to  require  aS-in.  pump.  The 
pumps  are  connected  to  iron  or  wooden  jacks  that  are  operated  by  pull 
rods  from  a  central  power  station  driven  by  a  25  to  35  h.p.gas  engine. 
The  engine  and  power  are  housed  in  an  inexpensive  corrugated-iron  build- 
ing and  from  4  to  24  wells  are  pumped  from  one  power. 


.coy  Google 


THB  ILUNOIS  OIL  FIELDS  903 

The  2-in.  lead  lines  from  the  wells  to  the  tank  and  the  2-in,  gaa  lines 
that  take  off  the  casing-head  gas  aggregate  4  to  6  miles  on  a  completely 
drilled  80-acre  lease  (15  wells).  They  should  be  buried  over  a  foot  to 
prevent  freesing  in  wintw,  or  tearing  open  from  expansion  in  summer,  and 
to  be  safe  from  breakage  from  the  farmer's  plow. 

Tanka^. — liberal  tankage  is  required,  compared  with  Eastern  fields, 
as  frtHU  2  to  10  tanks  (wood)  of  250  barrels  capacity  are  required  for  a 
100-acre  lease.  A  "gun-barrel,"  or  siphon,  tank  is  also  required  for  set- 
tling out  the  salt  water,  although  small  amounts  of  water,  thatonly  settles 
out  in  cold  weather  stt&r  thinning  by  steaming,  are  carried  over  into  the 
shipping  tanks.  The  tanks  are  housed  in  framed  buildings  to  reduce  the 
evaporation  losses  in  summer. 

A  small  boiler  house  located  at  least  100  yd.  distant,  so  as  not  to 
fire  the  tank  vapors,  furnishes  the  steam  for  preparing  the  oil  for  shipping 
in  cold  weather  and  for  operating  the  pipe-line  pump. 

Formerly  the"B.  S,,"  or  the  emulsion  of  oil,  water,  lur,  and  sediment 
formed  by  improper  pumping,  was  run  off  into  special  sludge  ponds  and 
burned,  a  very  wasteful  practice  that  is  still  quite  prevalent.  On  the 
better-equipped  leases  the  B.  S.  is  treated  in  a  sludge  tank,  by  which 
considerable  good  oil  is  recovered.  If  the  services  of  a  capable  chemist 
were  retained  practically  all  the  B.  S.  could  be  recovered  as  good  oil. 

Market  Features 

Oil  Prices. — Illinois  is  the  only  field  that  has  gone  through  its  "flush," 
or  initial  period  of  heavy  production,  and  secured  such  high  prices  as 
60c.  to  68c.  per  barrel.  Other  fields  have  had  to  accept  3c.  to  30c.  during 
the  inevitable  heart-breaking  interim  that  intervenes  between  over- 
flowing field-tanks  and  the  subsequent  bringing  in  of  sufficient  pipe  lines. 
This  great  advantage  is  due  to  its  proximity  to  St.  Louis  and  Chicago, 
where  the  oil  would  have  found  a  welcome  market  at  40c.  to  50c.  in 
competition  with  coal. 

When  shipments  began  in  June,  1905,  the  oil  sold  at  60c.  and  advanced 
to  83c.  by  June,  1906;  after  which  it  decfined,  remaining  at  6Sc.  through- 
out 1908  and  again  reached  the  low  point  of  60c.  in  October,  1909, 
where  it  remained  until  May,  1911.  Since  then,  the  price  has  con- 
tinuously advanced  and  to-day,  Jan.  29, 1914,  it  is  selling  at  $1.45  in  the 
open  market,  as  paid  by  the  Ohio  Oil  Co.  (branch  of  the  Standard_OiI 
Co.).  Independent  buyers  p^  a  premium  of  5c,  to  20c.  a  barrel,  as  on 
equal  terms  most  producers  prefer  to  sell  to  the  Standard  Oil  Co.,  and  it 
is  only  by  giving  a  premium  that  they  are  able  to  divert  it  from  the 
principal  buyer.  Formerly  there  was  a  discount  of  8c.  per  barrel  for 
oil  below  30°  B.  gravity,  but  for  the  past  year  all  grades  have  sold  at 
the  same  price. 
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The  oil  is  purchased  in  the  producer's  tanks  after  gai^ng  and  nm 
off  through  the  buyer's  pipe  line,  with  an  extra  allowance  of  Ic.  to  2c. 
per  barrel  for  the  steam  furnished  to  operate  the  buyer's  pump  that 
forces  the  oil  into  the  pipe  line.  A  dockage  of  3  per  cent,  is  usually  made 
to  allow  for  losses  due  to  salt  water,  B.  S.,  evaporation,  leakage,  etc.  A 
"credit  balance"  ticket  is  made  out  by  the  buyer  three  days  after  the  oil 
is  shipped  for  the  net  barrels  due  the  operator  after  deducting  rc^alty 
and  dockage.  This  ticket  can  be  cashed  at  the  market  price  for  oil 
ruling  that  day,  or  it  can  be  held  to  be  cashed  later,  if  higher  prices  are 
expected.  Before  the  oil  markets  were  stabilised  by  the  present  powerful 
interests,  there  were  most  violent  fluctuations  in  oil  prices  that  out- 
rivaled Wall  Street  stocks,  and  operators  who  had  the  working  capital 
held  their  tickets  for  the  winter  market,  when  prices  general^  ruled 
higher. 

The  unprecedented  prosperity  of  the  oil  industry,  the  enormous  in- 
crease in  the  demand  for  high-grade  oils  (paraffine  base)  to  meet  the 
rapidly  expanding  uses  of  gasoline  and  lubricants,  and  the  almost  com- 
plete exhaustion  of  the  Illinois  surplus  stocks  assure  much  higher  prices 
for  Illinois  oil  in  the  not  distant  future. 

Storage. — As  the  Illinois  oil  is  of  too  high  a  grade  to  be  sacrificed  for 
fuel,  the  large  buyers  built  steel  tankage  to  take  care  of  the  surplus  oil 
before  there  were  sufficient  pipe  lines.  About  1,000  tanks  of  35,000 
barrels  capacity  were  erected  throughout  the  field,  which  contained 
about  33,000,000  barrels  of  oil  in  1910.  As  the  demand  for  Illinois  oil 
has  been  much  greater  than  the  supply  for  the  past  three  years,  this 
surplus  has  been  heavily  drawn  on  to  meet  the  deficit  and  to-day  there 
remains  about  5,500,000  barrels. 

Pipe  Lines. — No  oil  field  has  been  as  well  taken  care  of  in  bdng 
promptly  and  completely  equipped  with  pipe  lines  as  Illinois.  The 
m^nitude  of  the  field,  the  richness  of  the  wells,  and  the  high  grade  of 
the  oil  caused  the  pipe-line  companies  to  go  to  enormous  outlays  to  run 
the  oil  from  the  tanks  of  any  and  every  producer  and  their  total  dfdly 
shipping  capacity  now  exceeds  140,000  barrels. 

The  Ohio  Oil  Co,  controls  most  of  the  lines,  having  a  complete 
series  of  gathering  lines  throughout  all  the  districts  in  eastern  and  western 
Illinois.  It  has  an  8-in.  line  across  the  State  to  the  Wood  River  refinery, 
140  miles;  two  8-in.  lines  to  the  Lima  trunk  line,  200  miles;  and  a  12-in, 
line  to  New  York  harbor,  900  miles.  There  is  a  pumpii^  station  at 
Bridgeport,  in  the  Southern  district,  with  60,000  barrels  capacity,  that 
pumps  the  oil  at  800  lb.  pressure  to  Stoy,  25  miles,  in  the  Central  district. 
Another  station  at  Stoy  pumps  the  oil  to  Martinsville,  25  miles,  in  the 
Northern  district,  where  all  the  oil  from  the  Eastern  field  concentrates. 
From  there  it  is  distributed  through  the  Eastern  and  Western  pipe 
lines. 
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The  Tidewater  Co.  has  a  &-in.  pipe  line  to  the  Atlaatic  seaboard 
and  gathering  lines  throughout  Crawford  and  Lawrence  counties. 

The  Indian  Refining  Co.  has  gathering  lines  in  Lawrence  county,  as 
also  the  Central  and  Sun  Companies,  which  run  to  their  refineries  at 
Lswrenceville. 

The  Leader  Pipe  Line  Co.  has  gathering  lines  in  Clark  county  for  its 
refinery  at  Casey,  from  which  the  surplus  oil  is  shipped  to  Pennsylvania 
refiners  by  tank  cars.  The  Robinson  refinery  has  gathering  lines  in 
Crawford  county. 

Railroads. — The  five  railroads  that  tap  the  Eastern  Illinois  field 
moved  large  quantities  of  oil  before  the  pipe  lines  were  completed  and 
they  still  transport  considerable  oil  for  the  smaller  refineries  from  loading 
racks  distributed  throughout  the  field.  While  most  of  the  refiners  own 
their  own  tank  cars,  tank-car  companies  rent  out  hundreds  of  cars  to 
the  smallfr  shippers,  at  usually  %1  per  day. 

The  Western  field  is  well  equipped  with  railroads,  which  have  thus 
far  handled  most  of  the  oil. 

Refineries. — Although  moat  of  the  Illinois  crude  oil  is  piped  to  the 
lai^e  refineries  on  the  Atlantic  seaboard,  there  are  nine  refineries  in 
Illinois  that  rely  on  the  local  output,  of  which  six  are  on  the  eastern  and 
three  on  the  western  side  of  the  State. 

At  Lawrenceville  is  the  large  Indian  refinery,  of  9,000  barrels  duly 
capacity,  that  makes  a  full  line  of  products  (gasoline,  kerosene,  lubri- 
cants, paraffine,  etc.) ;  the  Central,  with  a  capacity  of  3,000  barrels,  that 
co-Kiperates  with  an  asphalt  plant,  and  the  Sun  Co.  operates  a  400-barrel 
skimming  plant  that  makes  gasoline  and  fuel  oil. 

There  is  a  600-barrel  refinery  at  Robinson,  a  600-barrel  refinery  at 
Casey,  and  a  refinery  at  Chic^o,  the  latter  relying  on  tank-car  shipments. 

In  western  Illinois  there  are  two  refineries  at  East  St.  Louis  that 
depend  on  tank-car  shipments  and  a  large  refinery  at  Wood  River,  20 
miles  from  St.  Louis,  of  10,000  barrels  capacity,  owned  by  the  Indiana 
Standaj^  Oil  Co. 

Production  Prices 

The  value  of  production  and  of  operating  leases  has  greatly  increased 
as  oil  prices  have  advanced,  and  developed  properties  are  almost  un- 
purchasable.  When  oil  was  selling  at  60c.  production  sold  at  $300  to 
$400  per  barrel  of  daily  output.  When  oil  reached  $1  it  advanced  to 
$800  to  $1,000.  At  present,  with  oil  at  $1.45  to  $1.65,  production  is 
held  at  $1,250  to  $1,500  per  barrel,  according  to  the  age  and  size  of  the 
wells,  locations  undrilled,  royalty,  condition  of  plant,  equipment,  and 
other  modifying  operating  details.  These  prices  are  based  on  "settled" 
production,  or  after  the  flush  period,  or  when  the  wells  are  about  a  year  old. 
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Peno^lvania  production,  where  the  oil  is  higher  grade,  or  40"  to  46° 
gravity,  and  sells  for  $2.50  a  barrel,  is  rated  at  $2,000  to  (3,000  per  barrel, 
although  the  wells  yjeld  only  3-  to  }  barrel  a  day,  and,  like  Illiaois, 
it  is  almost  impossible  to  induce  a  producer  to  sell  at  any  price. 

At  these  prices,  the  investment  is  expected  to  be  returned  in  1,000 
to  1,200  days. 

,       RayalHea  and  Rentala 

Eaatem  Field. — When  the  Eastern  field  was  opmed,  the  royalty  was 
one-eighth  of  the  production,  or  the  customary  rate  in  the  older  fields. 
When  the  field  proved  so  rich,  the  competition  among  the  oil  men  for 
leases  resulted  in  the  royalty  advancing  to  one-sixth  to  one-fourth,  and 
even  three-eighths  to  one-half  In  extreme  cases.  The  royalty  on  gas 
wells  similarly  increased  from  $50  to  $100  per  well  annually  to  $150 
to  $200. 

The  rental  to  hold  a  lease  good  until  a  well  is  drilled  was  formerly 
25o.  to  $1  per  acre  annually,  but  lately  $1  to  $4  per  acre  is  demanded, 
and  then  only  1  to  2  years  allowed,  compared  with  S  to  10  years  in  the 
earlier  leases. 

Weatem  lUinois. — In  westwn  lUinois  the  royalties  and  rentals  are  still 
reasonaible,  or  one-eighth  on  the  oil  and  $50  to  $100  a  year  per  gas  well, 
while  the  leases  can  usually  be  carried  5  to  10  years  without  drilling  on 
paying  an  annual  rental  of  50c.  to  $1  per  acre. 

Cost  of  Oil  Leases 

The  bonus,  or  cash  price,  paid  to  obtain  an  undeveloped  lease  varies 
greatly  according  to  the  distance  from  production,  richness  of  the  dis- 
covery well,  and  terms  of  the  lease.  Leases  favorably  situated  on  anti- 
clines in  an  undeveloped  territory  go  b^ging  at  a  few  dollars  per  acre  until 
a  discovery  is  made  in  the  vicinity,  when  they  quickly  advance  to  $25  to 
$50  an  acre  if  not  over  5  miles  distant,  and  to  $100  to  $350  an  acre  if  within 
2  miles.  The  discovery  of  a  new  pool  promptly  brings  out  hundreds  of 
active,  keen  buyers  from  the  old  oil  fi^ds,  who  purchase  at  rapidly 
advancii^  prices  every  avMlable  lease  for  7  to  15  miles  in  every  direc- 
tion. Leases  10  miles  distant  will  bring  $5  to  $15  an  acre  from  late  comers 
after  the  nearer  leases  have  been  secured  by  the  excited  buyers.  Within 
30  days  several  million  dollars  will  be  invested  in  leases,  of  which  60  to 
70  per  cent,  will  probably  prove  unproductive.  Yet  pool  after  pool  in 
Illinois  (and  elsewhere)  has  been  the  scene  of  repeated  large  investments 
in  undeveloped  oil  leases  around  a  discovery  well  by  a  horde  of  feverish 
buyers.  While  many  speculators  rush  in  to  every  new  discov»y,  most 
of  the  buyers  are  old,  seasoned  oil  operators  who  can  no  more  resist  the 
fascination  of  a  "wild-cat"  well  that  has  made  good  than  a  tenderfoot 
can  esoE^ie  the  lure  of  a  mining  boom  in  a  gold  camp. 
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Operating  Expenses 


The  field  expenses  for  producing  oil  in  Illinois,  including  l&bor  and 
upkeep,  vary  greatly  according  to  sise  and  conditions  of  the  lease,  the 
si  ze  of  the  wells,  and  amount  of  salt  water.  Excessive  salt  water  requires 
the  wells  to  be  pumped  by  night  as  well  as  on  the  day  shift  and  Sundays, 
whereas  with  little  or  no  salt  water  day  pumping  suffices.  As  a  pumper 
is  genially  required  to  evwy  lease,  whether  it  contains  40  or  160  acres, 
it  makes  the  labor  cost  per  barrel  excessively  heavy  on  the  small  leases, 
especially  if  operated  double-shift.  Similarly,  if  the  wells  are  small,  the 
labor  costs  per  barrel  are  heavy  compared  with  large  wells. 

The  extra  labor  required  for  cleaning  the  wells,  repacking,  etc., 
will  vary  according  to  the  condition  of  the  wells,  as  old  wells  that  have 
not  been  over-shot  may  have  to  be  pulled  only  once  or  twice  a  year, 
whereas  sand  troubles  caused  by  over-shooting  may  constantly  require 
a  pulling  crew.  The  pumpers  are  pud  |65  to  $75  a  month  and  five  on 
the  lease  in  a  small  cottage  provided  by  the  operators. 

When  an  operator  has  several  leases  in  a  district  a  "farm  boss"  is 
employed,  who  ke^>s  a  crew  of  two  to  four  "rousters"  steadily  employed 
in  looking  aitet  the  wells.  The  rousters  are  paid  S60  to  $70  a  month 
and  a  farm  boss  from  $100  to  $115. 

The  usual  field  expense  of  putting  the  oil  into  the  tanks  ready  for  the 
buyer  will  range  from  3c.  to  7c.  a  barrel  on  leases  (^  80  to  160  acres,  with 
large  wells,  or  over  20  barrels  per  day;  with  smaller  leases,  or  20  to  80 
acres,  ot  where  the  wells  yield  5  to  15  barrels,  the  cost  will  range  from 
7c.  to  15c.;  with  very  small  wells,  or  2  to  5  barrels,  the  coat  increases  to 
15c,  to  30c.  per  barrel. 

When  the  leases  are  very  small  and  in  town-lot  production,  one 
pumper  is  usually  put  in  chaise  of  several  leases  and  thus  the  labor  cost 
is  brought  down  to  a  reasonable  amount. 

Operating  ProJUa 

The  net  operating  profits  from  Illinois  c»l  production  vary  greatly 
according  to  the  size  of  the  wells,  their  staying  power,  depth  and  number 
of  sands,  size  and  age  of  lease,  royalty,  oil  market,  and  other  local  con- 
ditions, besides  depending  on  the  capital  invested  for  leases,  drilling, 
plant,  etc.,  sind  the  individual  operating  costs. 

The  Illinois  oil  wells  usually  repay  their  cost  in  30  to  90  days  when 
not  over  1,100  ft.  deep  and  in  60  to  180  days  in  the  deep  sands,  or  1,200 
to  1,900  ft.  Occasional  large  wells  repay  their  cost  in  5  to  20  days,  while 
very  sm^  wells  may  take  a  year. 

The  ci^>ital  for  the  acquisition,  development,  and  equipment  of  an 
undevel<q>ed  property  in  a  proven  field  is  usually  returned  in  the  first  year 
and  tfill  show  the  following  great  rai^e:    The  lease  will  cost  from  $25 
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to  $300  an  acre,  according  to  the  distance  from  and  richness  of  the  dis- 
covery well;  the  wells  will  coat  $1,000  to  $8,000  each,  according  to  depth; 
the  plant  investment  for  power,  rodding,  piping,  tankage,  boilers,  build- 
-  ii^B,  etc.,  will  range  from  $2,000  to  $10,000,  according  to  the  size  of  the 
lease  and  local  conditions.  Yet  many  Illinois  leases  have  returned  the 
total  capital  invested  in  4  to  16  months,  when  oil  sold  at  60c.  to  80c.  a 
barrel. 

The  net  operating  profits  at  present  prices  of  oil  ($1.45  to  $1.60), 
after  deducting  the  royalty  and  operating  expenses,  usually  range  from 
$1  to  $1.30  a  barrel.  Small  teases  (5  to  20  acres),  town-lot  wells,  very 
small  wells  (1  to  3  barrels),  or  excessive  royalties  (three-eighths  to  one- 
half),  may  reduce  the  net  profit  per  barrel  to  50c.  to  80c. 

A  fair  example  of  operating  profits  is  shown  in  the  following  120- 
acre  lease  in  the  shallow  Casey  field,  where  the  wells  came  in  at  10  to 
50  barrels,  seldom  at  100  barrels  per  day,  -and  the  oil  sold  for  60c.  to  82c. 
a  barrel:  The  oil  royalty  was  one-eighth,  the  cost  of  the  lease  was  $100 
an  acre,  and  the  wells  cost  about  $1,000  complete,  as  they  were  in  the 
400-ft.  sand-  In  the  first  year  the  investment  of  $43,000  was  returned; 
in  the  following  54  months,  when  the  property  was  sold,  the  profits 
ranged  from  6  to  40  per  cent,  per  month. 

Gas  DevelopmerUs 

Paucity  Due  to  Leakage. — Although  Illinois  has  proved  an  exception- 
ally rich  oil  producer,  the  gas  output  is  disappointii^.  While  sufficient 
gas  is  usually  produced  to  operate  with  and  supply  the  neighboring  towns, 
not  enough  hi^  been  developed  to  warrant  pipir^  to  the  metropolitan 
markets  of  St.  Louis  and  Chicago. 

This  paucity  seems  to  be  due  to  faulting,  ae  minor  faults  occur 
that  apparently  have  allowed  more  or  less  of  the  gas  to  escape.  That  the 
gas  has  been  only  partly  preserved  is  shown  not  only  by  the  small  size  of 
the  wells,  but  usually  by  the  absence  of  the  heavy  pressures  that  occur 
in  other  fields. 

That  faidting  is  responsible  for  the  deficiency  is  verified  at  Centralia, 
where  there  is  no  gas;  yet  6  miles  north,  at  Sandoval,  on  the  same  anti- 
cline, the  same  sands  are  rich  in  gas;  but  at  Centralia  a  fault  is  shown 
by  the  coal  mines  that  has  not  only  vented  the  gas,  but  is  permitting 
some  of  the  viscous  oil  to  escape  into  the  coal  shafts. 

The  northern  parts  of  the  fields  usually  have  more  gas  than  the 
southern  portions,  which  harmonizes  with  the  faulting  theory,  as  the 
faults  are  more  numerous  and  heavier  toward  the  south,  from  the  closer 
proximity  to  the  Ozark  uplift. 

That  the  oil  has  been  so  slightly  affected  by  the  faults — at  least,  in 
the  lower  sands— is  due  to  its  viscoira  nature  and  strong  capillary  adhesion 
as  compared  wath  the  great  elasticity  and  extreme  mobility  d  the  gas. 


„Gooj;k' 


THE   ILLINOIS   OIL   ITELDS  909 

For  the  gas  can  move  and  more  ch*  less  escape  through  miDute  fractures 
caused  by  faulting  that  are  more  or  lees  impervious  to  the  viscous  oil. 

Guahera. — On  the  opeuiBg  of  a  new  pool  the  gas  pressure  is  often  suffi- 
cient to  cause  the  wells  to  flow  intermittently  for  a  short  time,  or  until 
the  pressure  is  relieved.  The  gusher  type  is  exceptional,  however,  and 
most  wells  have  to  be  pumped  from  the  outset. 

Site  ofGaa  Wella.—Gaa  wells  usually  come  in  at  200,000  to  1,000,000 
eu.  ft.  a  day,  rarely  at  2,000,000  to  5,000,000,  which  for  a  new  field  is 
modest.  There  are  comparatively  few  "dry"  gas  wells,  as  the  gas 
gen«'ally  occurs  with  the  oij;  hence  when  a  "gasser"  is  found  the  oil 
usually  occurs  in  the  immediate  vicinity. 

Valties. — The  towns  are  supplied  by  local  gas  companies  at  ^c.  to 
30c.  per  1,000  cu.  ft.  for  domestic  purposes  and  the  gas  is  metered.  The 
companies  either  have  their  own  wells,  or  buy  gas  from  oil  producers, 
who  have  an  excess,  at  5c.  to  10c.  per  1,000  cu.  ft.  at  the  wells. 

Drillers  are  furnished  gas  at  a  flat  rate  of  $5  a  day  for  the  boiler  and 
lighting. 

The  value  of  tibe  niinois  gas  output  in  1912  is  estimated*  at  $616,467, 
or  about  2  per  cent.  <A  the  oil  value,  of  which  1,236,162,000  cu.  ft.  was  sold 
at  an  average  of  23.62c.  for  domestic  use  and  5,603,318,000  ft.  at  7.43c. 
for  industrial  purposes. 

The  actual  production  was  much  larger,  as  the  oil  operators  continue 
to  waste  large  quantities,  especially  in  new  pools  and  when  a  flowing  well 
comes  in. 

Gasoline  from  Gaa 

Few  Plants. — The  Illinob  oil  field  is  so  young  and  so  lucrative  that 
thus  far  little  attention  has  been  paid  to  gas  gasoline.  The  old  wells  of 
Pennsylvania  are  so  small  and  the  casing-head  gas  is  usually  so  rich  that 
the  gas^asoline  revenue  often  exceeds  that  from  the  oil,  whereas  in  Illinois 
it  amounts  to  only  5  to  10  per  cent,  of  the  oil  revenue.  As  the  Illinois 
wells  decline  and  as  the-gas  grows  richer,  more  attention  will  be  given  to 
extracting  the  gasoline.  Only  six  plants  are  operating  in  eastern  Illinois 
and  compound  compressors  are  employed  to  liquefy  the  gasoline  vapors 
that  are  contained  in  the  gas.  Two  grades  are  made,  or  a  high-grade 
70°  to  80°  gravity  gasoline  by  the  low-pressure  cylinder  and  a  very  high- 
grade  80°  to  95°  B.  fluid  by  the  high-pressure  cyhnder.  Both  grades  are 
usually  blended  with  naphtha  to  render  them  safe  for  shipping  and  to 
reduce  the  heavy  volatiUzation  loss.  The  90°  to  95°  gravity  fluid  is  so 
extremely  volatile  that  if  a  cupful  is  tossed  into  the  air  on  a  warm  day, 
it  will  volatilize  before  reaching  the  ground. 

Yield. — The  gasoline  yield  of  Illinois  gas  ranges  from  1.5  to  2.5  gal. 

*  Produetim  <4  UtiiwcX  Oa*  in  1612,  U.  S.  Geological  Surrey,  p.  5  (1913). 
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per  1,000  cu.  ft.,  and  about  75  per  cent,  of  the  gaa  is  available  for  returning 
to  the  gas  main,  if  subsequently  utilized. 

Prices. — The  gasoline  is  frequently  retwled  from  the  lease  to  automo- 
biles at  12c.  to  15c,  a  gallon,  although  large  producers  usually  sell  it  to 
jobbers  at  8c.  to  lOc.  It  has  to  be  shipped  in  steel  cont^ers,  as  the 
loss  and  risk  are  too  great  to  permit  shipment  in  wooden  barrels. 

There  is  a  keen  demand  for  this  exceptionally  high-grade  gasoline  aad 
the  industry  has  a  bright  future  that  the  Illinois  opei-ators  should  more 
generally  appreciate. 

Statistica 

The  data  given  in  the  following  statistics  were  obtained  from  the 
annual  Mirieral  Statistics,  published  by  the  TJ.  S.  Geological  Survor,  cff 
from  the  Oil  City  Derrick. 

Table  II  presenlJs  a  summary  of  the  wells  drilled  to  Jan.  1,  1914, 
in  Illinois,  since  the  marked  activity  started  in  1906.  It  shows  a  tre- 
mendous outburst  of  activity  in  1907,  when  about  5,000  holes  were 
drilled,  since  which  there  has  been  a  steady,  marked  decline  until  1913. 
The  high  prices  for  oil  stimulated  the  drilling  of  many  indde  locations 
last  year,  where  the  sands  had  been  more  or  less  drained,  which  accounts 
for  the  smaller  percentile  of  dry  holes  and  the  much  lower  average  yield. 

The  average  yield  declined  from  40.4  barrels  in  1906  to  26.1  barrels 
in  1908,  as  the  flush  period  passed  in  the  very  active  shallow  Crawford 
County  district.  The  greater  activity  in  the  deeper  but  richer  sands  of 
Lawrence  county  reversed  the  usual  retr(^ession  that  nearly  all  young 
fields  exhibit  and  the  average  output  of  the  new  wells  steadily  inta-eased 
up  to  1912,  when  it  averaged  67  barrels  per  well,  which  is  exceptionally 
high  for  a  high-grade  field. 

Table  II. — Summary  of  lUinoia  T>riUing 


Produced  Oa 

Initial  Yield 

Produced  Gas 

Dry 

WellB 
DriUed 

Barrels 

Number 

Per 
Cent. 

Num- 
ber 

Per 
Ceat. 

Num- 
ber 

Total      Daily 
Yield     Yield 

Per 
Cent. 

1905 

227 

189 

83.2 

87 

16.8 

1906 

3,283 

2,793 

85.1 

113,012     40.4 

490 

14.9 

1907 

4,988 

4,260 

85.4 

139,163     32.6 

728 

14.6 

1908 

3,574 

3,019 

84,5 

78,960     26.1 

555 

16.6 

1909 

3,151 

2,593 

82.3 

89,756     34.0 

70 

2.2 

485 

15.4 

1910 

2,149 

1,681 

78.2 

93,266     65.8 

75 

8.4 

393 

18.8 

1911 

1,385 

1,061 

77.7 

66,919     63.1 

42 

3.1 

2«3 

19.2 

1912 

1,260 

980 

77.8 

65,686     66.6 

23 

1.8 

257 

20.4 

1913 

1,747 

1,439 

82.0 

47,668     33.3 

40 

2.4 

268 

16.6 

TotftU 

21,744 

18,025 

82.9 

694,310     38.5 

3,486 

16.0 

D, 

,.o.A 

.,oog 

e 

THE   ILLINOIS   OIL   FIELDS'  911 

Table  III  gives  the  average  initial  daily  yield  of  the  wells  in  the  pro- 
imag  counties  of  Illinois  and  gives  an  approximate  idea  of  the  relative 
lichness  of  the  sands.  It  also  shows  the  activity  in  drilling  inside  wells 
in  1913  in  all  the  counties,  and  the  consequent  drop-oS  in  the  yield. 

Table  III, — Average  Initial  Daily  Yield  of  Ittinma  Weila  by  Counties 
Eattem  Field. — BarrtU 
County  1906    1907    1908    1009    1910    1011     1912     1913 

Cliric 26.5    20.9    23.3    24.0    22.5     17.1    23,6    16.2 

Cdea 5.6      7.0     15,3     10. a    16.3      5.0      5.0    20.0 

Crawford 66.1    34,2    23.5    25.5    27.8    26.6    23.1     17.1 

Cumberland 29.9    26.0      9.8    24.3     12.5    16.7     19.0    12.0 

Rlgw 4.8    10.7      6.4      5.0 

Uwienoe 50.6    49.2    36.2    61.6  102.7    86.8     10.6    64.0 

Jwper , 7.1     10.0      6.7     ....       6.0 

WsbMh 50,0    39.0 

Wattra  FUid.^Barreia 

Bond 25,0     

Oioton 95,0    32.2    10.0 

Macoupin 6.0     3.6      3,0    55,0 

Maricm 37.2  110.6    91,5    27.7    23.0 

lUodolph 72.6     

SuteAverage 40.5    32.7    26,2    34,6    56,6    63,0    67,0    33.3 

Table  IV.— TTcJls  DriUed  in  lUinoia  in  1913 

_.  ..  Produced  Average  Initia  Dry 

County                       Tvnw  ^"^  DaUy  Output  Holes 

^    *^  Per  Cent.  ■      Barrels  Per  Cent 

Clark  (Caa^) 208  81  15.2  19 

Clinton  (Cariyle) 19  74  10.0  26 

Coka 6  67  20.0  83 

Crawford  (Robinson) 689  80  17.1  20 

Cnmberiand  (Swina) 63  80  12.0  20 

lawrenee  (Bridgeport) 667  89  54,0  11 

Macoupin  (Carlinville) 9  33  65,0  67 

Marion  (Sandoval) 22  95  23,0  5 

Wabash  (AUmdale) 49  60  30,0  50 

MiaedlBneous 15  13  12.0  87 

Total 1,747  82  33 ,3  18 

1,439  welk  -  82.0  per  cent,  came  in  with  an  ouput  of  33.3  bairela  daily  (average). 
40wella  —    2,4  per  cent,  came  in  as  gas  wells. 
268irdl8  =  15.6  per  cent,  came  in  as  dry  holes. 

1,747  weOa  =-  100.0  per  cent,  or  the  total  wells  completed  in  1913. 

Table  IV  shows  that  1,747  wells  were  drilled  in  Illinois  in  1913,  of 
which  82  per  cent,  were  oil  producers  that  came  in  at  am  average  of  33.3 
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barrels  per  day,  and  2.4  per  cent,  were  gas  producera  It  ^so  shows  that 
almost  no  prcepecting  was  carried  on,  aa  only  15  holes  were  drilled  outside 
of  the  producing  fields.  This  insignificant  eff^t  tp  open  up  pew  terri- 
tory was  largely  due  to  the  great  scarcity  of  driUerSj  who  w^e  attracted 
by  the  fierce  boom  in  Oklahoma,  where  rates  are  higher  and  work  was 
very  plentiful. 

Table  V  presents  a  summary  of  the  drillit^  in  1913  in  the  States  that 
exclusively  produce  high-grade  oil  (paraffine  base).  It  shows  thdr 
relative  activity  by  the  noimber  of  wells  completed;  and  while  the  drill 
was  uniisually  busy  inall,  it  shows  the  extent  of  the  unprecedented  boom 
in  Oklahoma,  where  over  9,000  boles  were  drilled.  In  spite  of  bringing 
in  the  .very  rich  Gushing  and  Boston  pools  in  Oklahoma,  the  average 
well  shows  a  further  decline  to  46  barrels  per  day,  although  in  the  old 
nip-and-tuck  race  with  Illinois  for  first  honors  in  the  highest  average 
well,  it  leads  the  latter  (33.3  barrels)  by  nearly  as  large  a  margin  as  Illinois 
with  67  barrels  led  Oklahoma  in  1912,  at  48.6  barrels. 

With  the  CKception  of  New  York  (whae  the  average  well  came  in 
at  1.8  barrels,  which  would  be  called  a  dry  hole  in  Illinois),  the  record  of 
82  per  cent,  of  the  Illinois  wells  coming  in  as  oil  producers  is  the  highest, 
as  the  other  States  range  from'  80  to  38  per  cent. 

Tablt  V.—WeOs  Drilled  in  the  Higk-<kade  Oil  Fields  in  1913 


Wells 
Drilled 

Produced  Oil 

Initial  Yield 
Barrels 

Produced 
Gaa 

Dry 

State 

Num- 
ber 

Per 
Cent. 

Total 

Daily 
Avei^ 
age 

Num- 
ber 

Per 
Cen.. 

Num-    Per 
ber    Cent. 

1 

New  York  . . . 

WestVirgiDia. 

Ohio 

Indiana 

Kentucky. . , . 
Illinois 

Oklahoma.... 

510 
3,719 
2,072 
1,447 
310 
211 
1,747 
2,140 
9,112 

443 

2,M1 

1,290 

661 

212 

134 

1,439 

1,583 

7,232 

87 
80 
62 
38 
68 
64 
82 
73 
79 

807 
8,155 
34,287 
13,409 
7,361 
2,310 
47,658 
22,985 
331,385 

1.8 
2.8 
26.6 
24.3 
34.7 
17.0 
33.3 
14.5 
46.0 

46 

453 
685 

12 
3 

40 
292 
572 

9.0 
7.0 
22.0 
47.0 
4.0 
1.5 
2.4 
14.0 
6.0 

22 
495 
329 
211 
86 
74 
268 
274 
1,306 

4.0 
13.0 
16.0 
16.0 
28.0 
34.5 
IS. 6 
13.0 
15-0 

The  richness  of  the  Illinois  fields  is  shown  in  Table  V,  as  its  high 
daily  average  production  of  33.3  barrels  ^ceeds  all  the  other  States 
(1.8  to  24.3  barrels)  excepting  Oiilahoma,  as  previously  mentioned,  and 
Indiana  (34.7  barrels);  the  latter  State  made  an  unprecedented  record, 
as  its  wells  usually  come  in  at  10  to  20  barrels.  The  increase  is  due  to  the 
opening  up  of  the  new  Sullivan  County  field,  which  adjoins  Crawfcwd 
county,  111.,  and  seems  to  be  infiuenced  by  the  same  cross-anticlinal  sone 
*ibat  passes  through  the  latter, 
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There's  a  Sullivan  Drill 

just  suited  to  excavate 
rock  most  rapidly,  and  at 
least  cost,  under  your 
working  conditions. 
Efficiency  in  boring  holes 
in  rock  has  been  our  con- 
stant study  for  more  than 
40  years. 

If    you    require    50-foot 
holes  under  water,  in  river 

SdIUtui  SnbauiiiM  Drill*  in  tha  Datroll  Rirat       Qf    hftrbor    WOfk if    VOU 

need  deep  blast  holes  on  a  bench  or  in  an  open  pit, 
— if  you  have  a  tunnel  to  drive  in  the  shortest  possible 
time,  if  your  ground  is  hard  and  tight,  or  soft  and  loose, 
it  you  are  looking  for  air  and  repair  economy  as  well  as  for 
high  speed,  you  can  be  sure  that  the  Sullivan  Drill  recom- 
mended to  you  by  Sullivan  Drill  Engineers,  is  the  most 
eflficient  drill  you  can  select  for  your  particular  service. 

HAVBIT>T  Ton  OCT  SOBIE  HOLES  TO  DRILL?    ' 

BiUietin  No.  866-ff. 

AIR  COMPRESSORS 

HAMMER  DRILLS 

DUHOND  DRILLS 
HOISTING  ENGINES 

Sullivan 

Machinery 

Company 

122  So.  Michigan  Ave. 

CHICAGO  SolliTui  WiMc  Drilli  on  ■  Twuwl  Curisi*.  Hnntraal 


BULLETIN,  A.  L  M.  R— ADVERTISINQ  SECTION 


W.  &  L.  E.  GURLEY 

TROY,  IN.  Y. 
LARGEST  MAMTIFACTUItERS  IN  AMERICA 

OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Alao  auken  of  ACCDRATB  THBRHOHBTBRS 

PHYSICAL  AKD  SCIENTIFIC  LABORATORY  APPARATirS 
STAITDARD  WEIGHTS  AND  HBASOKES 

BSAHCB  rACTOKt,  Ro.  us  MABITIHB  BUTLDIVO.  BSATTLB.  WASH. 
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THE  MINE 
AIR  COMPRESSOR 


THE  air  compressor  for  mining  service  must  combine 
great  reliability  along  with  economical  and  efficient 
operation.  To  insure  auch  qualifications,  simple,  rugged 
construction  and  automatic  operation  are  imperative,  for,  in 
the  majority  of  cases  the  installation  is  remote  from  the 
source  of  supply  and  should  breakdowns  occur  they  must  be 
quickly  repairable  at  the  mine. 

^ersoU-Rand  Compressors  combine  in  machines  of  sterling 
de^ins  all  these  essential  qualifications — sturdiness,  auto- 
matic lubrication,  enclosed  dirt-proof  yet  simple  and  accessible 
construction  and  automatic  regulation,  capable  of  unusually 
economical  and  efficient  service  under  every  possible  condition. 

One  type  is  pictured  here.  Write  for  the  Bulletins,  they  will 
help  to  solve  your  compressor  problem. 


IINGERSOLL-RAIND  COMPANY 

NEW  YORK  LONDON 

Offices  the  World  Over 
SOCK  DKILLS  JACEHABIERS  CORE  DRILLS 

JT)  '.         D,3,„zeo.yeTOOgle 
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The 
Development 

of  Storage  Battery  Locomotives 
for  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

1 65  Lakeside  Avenue,  Orange,  N.  J. 
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Tbe   Slogan   of   the   CsmeroD — "Character:   The    Grandest    Thing" 

Cameron  Sinking   Pumps 

1 

SHAFT  SINKING  is  difficult 
work — it      requires      unusual 
qualities  in  a  pump.    In  the 
C'ameron  Pump  you  get  these  qual- 
ities in  full  measure. 

The  Vertical  Plunger  Pattern  has 
fewer  working  parts  than  any  other 
steam  piunp.  The  Steam  Mechan- 
ism consists  of  four  stout  pieces 
only  and  there  is  no  outside  Valve 
Gear.  The  Steam  Valve  move- 
ment works  without  arms  or  levers 
so  that  the  Cameron  can  be  safely 
run  faster  than  other  pumps. 

Practical  mining  men  are  enthu- 
siastic about  the  service  Cameron 
Piunps  give. 

"We  have  had  fifteen  years'  experience  with  your 
pumps,  and  will  accept  no  other  for  shaft  sinking  pur- 
poses," writes  the  Superintendent  of  a  large  Copper 
Company. 

More  campUlt  details  in  Bulletin  !fo.  103.  It's  free 
THE  CAMERON  LIKE  ALSO  IHCLUDES  A 
WIDE  VASIETT  OF  CENTRIFnGAL  PUHPS 


A.  S.  Cameron  Steam  Pump  Works 

1 1  Broadway,  New  York  Offices  the  world  over 
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Four  Features  of  Baldwin-Westinghouse  Bar- 
steel  Electric  Mine  Locomotives  That  Assure 
Maximum    Tonnage    with    Least    Expense 

The  Cast  Steel  Bar  Frame  which  gives  great 
strength  with  least  weight;  permits  easy  access  to,  and 
excellent  ventilatioo  for  the  motors. 

The  Vauclain  Removable  Gib  which  greatly 
facilitates  the  removal  of  journal  boxes  and  permits 
inspection  or  replacement  of  all  wearing  parts  with 
a  small  cost  of  time  and  labor. 

The  Oil  and  Waste  Lubricating  System  for  the 

motors,  with  specially  designed  bearings  for  long  life 
in  service,  which  has  been  adopted  as  a  standard  after 
years  of  investigation. 

The  Commutatlng-Pole  Motors  which  insure 
sparkless  commutation  at  all  loads.  As  a  result,  the 
commutator  and  brushes  are  long  lived  and  re- 
quire little  attention,  brush  renewals  are  seldom  re- 
quired, and  carbon  and  copper  dust  inside  the  motor 
is  practically  eliminated. 

These  features  are  but  few  of  many  which  have  been  incor- 
porated in  Baldwin-Westinghouse  Barsteei  mine  locomotives 
in  order  to  give  the  user  the  greatest  possible  service.     You  can 
obtain  them  only  when  you  specify  Baldwin-Westinghouse. 
Address  either  company  for  full  informadon 

The  Baldwin  Locomotive  Works 

Philadelphia,  Pa. 

Westlnghouse  Electric  &  Mfg.  Co. 

East  Pittsburgh,  Pa. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

Ikse  iutmmeiib  are  of  tbe  same  standard  qnaBfyanilponen 
Ac  same  featnres  of  doralHl^  and  workmuuhip  as  tbe  welt 
kwwa  Weston  standard  D.  C  instmnients.  They  are  so  low 
in  ^ice  as  to  be  within  tbe  reach  of  all  users  of  electrical 
Miani iiif  instrmnents. 

Weston  A.  C.  instnunents  are — 

Dead  Beat 

Extremely  Sensttire 

Practically  indipendentof 

Wave  Form  and  Ten^eratnre 
'  Error,  and  require  Tei;  litde 

Power  to  optfate 


FOIt  D.  C.  CIRCUITS  OF  SMALL        Swfidi6oMJ  A.C 
MINE  PLANTS  I«l»mm 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

KMwdl  niited.  They  are  of  the  "aoAiron"  or£l«atro- 
nULgDetic  type,  rein«rkabl]r  accurate,  well  maida^  nioelj 
flBMhed,  ana  mpedally  low  in  price,  Wasfeon  Eclipse  in- 
stnunents ar«  far  in  adTance  of  all  preceding  forma  of  the 
soft-iron  types. 

Write  for  catalogue  and  inf  ormatian. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park.  Newark,  N.  J.,  U.S.  A. 

NawVaritOniMi  luUbertrStrMl. 

L»nd*n  Branch  :  Aadxtj  Home,  EI7  Place,  Holbcwn. 

Paria,  France  ;  E-  H.  CuUot,  11  Roe  St.  Geo^es. 

■«rllni  Evropeui  Weston  Iiutnnnent  Co.,  Ltd.,  SchoDcberg,  Gcnat  Str.,  |> 
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wrn 

Features  of  Vulcan  Electric  Hoists 

No.   I — Frames  and  Pedestals 

Stnngtli  i>  Riven  Jtrst  goniridcntioa  in  the  dc        Coiuequently  VULCAN  Irama  an  mooldEd 
mBD   d[  bed   pisus  for    VULCAN    Electric       for  mBiimum  crou-Kction  &t  pomti  a[  gnat- 

io  the  heavy  properly  proportioned  caslings.  weight.    The  deBgo  providea  for «  large  («ctot 

Requisite  strength  with  lesBt  weight  is  given  of  safety  over  any  demand  that  may  be  eo- 

the  lecond  consideration.    Thii  itreagth  with  countered  in  regular  practice.    High-hctor-of- 

leost  weight[is  attained  through  a  very  careful  safety  frames  are  part  of  the  VULCAN  pro. 

calculation  of  the  ultimate  atrength  of  section  gram  of  intensive  hpiit  ecimam^.    We  win  be 

VULCAN  IRON  WORKS,  1744  Main  St..  WILKES-BARRE.  PA. 

New  Yark,  30  Church  Sbvet.  ChlcBgo,  913  McConnIck  BM*. 


Star  Portable  Drilling  Machines 


BQIRPPBD  FOR  STSAlf ,  GAS  OS  BLSCTKICAL  POWSK 

For  WMcr  Wells— Oil  and  Gaa  Wells— Mineral  Prospecting— RMlroad  and  Cui»l 
Elcavadous — Cement  and  Crushed  Stone  Quaniea — Bridge  Soundinga— Coal  Mine 
VentillatJon— Irrigation,  Etc.  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  MACHINB  COMPANY, 

Genflral  Offlces:  Akron,  Ohio.    Branch  Office:  >  Rector  St,  New  Toit  Q^. 

ir«(ksi  Akno,  OUo. — Channl*,  Eania*,- P«rtI«Bd,  Oncon.— Long  Beaah,  CaL 
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For  Reliable  Continuous  Operatioc 
ling  Ores  and  other  materials  Id  i 
Smelting  Plants, 

JEFFREY  Rubb( 
Belt  Conveyi 

have  no  superior. 
They  operate  successfully  under  the 
severe  working  conditions,  require 
minimum    expense    for    upkeep^ 
and  are  always  up  to  maximum 
capacity. 

Our    expert  Engineers   are  at  your   service   in   solving  conveying 
problems. 

Write  for  BiiUedn 

JEFFREY  MFG.  COMPANY,         COLUMBUS,  OfflO 


YOUR  INSTRUMENT  NEEDS 

for  every  class  of  work  can  best 
be  accommodated  by  the  unusually 
complete  line  of 

BAtSCH  &  LOMB 

ENGINEERING 

INSTRUMENTS 

They  combine  many  original  fea- 
tures with  practical  efficiency  in 
aJl  models.  Write  to-day  for  our 
complete  catalog,  containing  full 
descriptive  and  technical  matter 
of  exceptional  interest. 

Bausch  £f  Ipmb  Optical  ©. 

*"  '"'■'>"'ROcir£sTi:"li.Ry.  '""' 


BA08CH  ft  LOHB 

4  i/i-iach  ThBOdoUM 
Eiiily  portable;  hermetically  aen 
KOpe  of  mvaiiable  length;  Dew  i 
interior  facutjns;  interchangeablo 
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"PEERLESS"  means  "WITHOUT  A  PEER" 

Fortune  Conveyor  Bett        Peerless  **97"  Elevator  Belt 
Rainbow  Friction  Surface  Transmission  Belt 


These  bnuids  of  belt  Kpieaeut  the  highest  quality  att^nable  in  thai  respective  types. 
DURABLE  RELIABLE  BFFICIBKT 

PEERLESS  RUBBER  MAHUFACTURHfG  COMPANY 

«  VARRKH  STREET,  VSW  TORE,  D.  I. 


Write  for  samples  uid  prices  Tedu^cal  catalogue  fof  tlie  aakiiig 


WIRE  ROPE 

The  strongest  wire  rope  is  Roebling  Im- 
proved  Plow  Steel.  This  grade  should  be 
specified  always  when  the  rope  is  to  be  used 
under  unfavorable  conditions  of  stress  and 
wear  or  when  the  maximum  strength  for  a 
given  diameter  is  required.  Made  with  a 
blue  hemp  center. 

John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. 

ud  Mama 

Wttaad,  On. 

.cy^TOOgle 
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Runs  Even- 
No  Edge  Wear- 
No  Spillage— 


reduce  famnage  coats 

The  extreme  flexibility  Rharaeteristic  of  all  Goodrich 

Conveyor  Belts  causes  them  to  trough  perfectly,  eliminates  neces- 
sity for  edge-wearing  idlers,  aiid  m&kes  them  run  true  and  even, 
preventing  spillage. 

AdriM  m  nnnttw  rcw  faatallatioH.      W*  nuk*  I»lt>  far  arwr  pmpoM. 

c™«wLul~^    The  B.  F.  Goodrich  Company 

FactoriM:  AKRON,  OHIO 


& 


How-All  Kinds  Hf  Bnneh..  in  All  Piiscip^  Ciil« 


A  combination  of  two  paint 
films  that  is  positively  resistant  to 
the  destructive  influences  of  acids, 
alkalies,  electrolysis,  extremes  of 
temperature,  etc. 

Write  for  Tech's  Red  Book. 
It  contains  data  of  value  to  en- 
gineers, architects,  contractors  and 
others  interested  in  the  permanent 
protection  of  iron  or  steel. 

TOCH   BROTHERS 

Ittkbllihad  IMS 

INVENTORS  AND  HANnFACTUSERS  OF  TECHNICAL 

PAINTS,     ENAMELS,     "R.LW."     DAHP-PROOFING 

PAINTS  AND  WATER-PROOFING  COMPOUNDS,  Etc 

320  Fifth  Avenue,  New  York 

WORKS:  LONG  ISLAND  CITY,  N.  T.        AND        TORONTO,  CANADA 

^7^ 1^^'^ 


BULLETIN,  A.  I.   M.  E.— ADVERTISING  SECTION 


THE  MAN  who  is  so  prejudiced  that  he  always  buys 
one  kind  of  belting  is  cutting  off  his  nose  to  spite 
his  face — 

Schieren's  Duzbak  Waterproof  Leather  Belting  should 
be  tried  by  those  who  are  sure. 

They  are  now  using  the  kind  they  need.     lo  to  i  they 
will  find  Duxbak  better  and  more  economical — 
Send  for  price  list— 
CHARLES  A.  SCHIEREN  COMPANY 

89  FERRY  STHEBT  HEW  TORX  CtlT 


Parral  Tank  System  of  Slime  Agitation 

For  Pulp  undergoing  Treatment  in 
Cyanide  or  Add  Solutions 


Theoretically  Perfect  Agitation 
Obtained  in  Practice 


Full  Information  on  Request 
Beniard  MacDonald,  Mgr.    South  Pasadena,  Calif. 


ORE-DEPOSITS 

A  eoHliiniation  of  the  "Pasepny"  Volume 
Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discu^ons  of  tbdr  Ori^, 
Edited,  with  an  Introduction,  by  Dr.  S,  F.  Emmons. 

The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  associate 
and  friend.  Dr.  George  F.  Becker,  and  a  comprehensive  Biographical  Index  of  the 
Sdence  of  Ore-Depoaits,  prepared  by  Prof.  JonnD.  Irvii^,  of  tbeSheffield  Scientific 
School  of  Yale  University. 

The  volume  contains  looi  pages.    Price,  bound  in  doth,  $5;  iu  half  morocco,  $6. 
Both  the  Emmons  and  the  Poscpny  Volumes  on  Ore-Deposits,  bound  in  doth,  %&; 
CO,  $10. 

AHSRICAN  raSTTTUTB  OF  HUnnO  EHOIHEBRS 

ig  WdH  jgth  Stiaet,  Haw  Tork,  H.  T. 


KEEP 
REVUC 


IP  TO  DATE 

DE  LMNQEMEUR  A  IMDEX  TECHNIQUE  aOUi  Year) 

An  l-ghnmrtna  Jonrul  uid  Complota  Record  al  the  World'!  TBehnlciJ  LiUntnn,  nU 
IndaaUidM^bi  and  publidut  monthly  rtnunte  of  hnadnd*  of  terhniml  pmodinili. 

Annual  SnbMtiption,  14/-'    Belsium  and  Fimnca,  10/ -.    Or  Bsttw  Stillliy  Joiniat 
iCHMCAL  AND  INDl^TRIAL  INSTITUTES 

Ccmii>rUii8:  IXviAm  A. — Indaiad  Technical  knd  Indoitnal  Litarature.  coirent  aad 
ntrotpactlTe.  DjiUon  B. — Reading  Room  and  Refarsnce  Libraiy,  Mudnc.  nnnactmc 
Spud  flcationa  of  Inventiona.  Diviiion  C— LabontoriM  f or  Analriaa.  PraotiealCfaam- 
iMiT.  Stndanti  admltMd.  Lsbontoriai  for  iDvcnton.  Divuion  D  — InduMiial  Jnria- 
pmdenca.    Divudoo  B. — Tranilatioai  in  all  Lansuagfli  and  (acOitiea  tor  the  Kdntion  ci 


Offices:  70,  Boulevard  D'Anderiecht,  Bruxelles 

Telephone)  B3300 


itizecyLTOOgle 


BXniETlN,  A.  1.  M.  E.— ADVERTISING  SECTION 

PENNSYLVANIA  CRUSHER  COMPANY 

NEW  YORK  PHILADELPHIA  pittsbuhoh 

MCkorch  Street  Stephen  Glranl  BId'g  M«<:h«i«y  BMo 

Cmahtn  and  PolmiMTi  foffBy-Piodiict  Coka  Plants,  Coal,  Llmaitooa,  Camtat. 
Bock,  Orpnm,  Shalt, 


Coal  Cnuhbif  and  Coal 

Cloacae  Planti 

HAHMBK  CKUSHEKS 

BRADTOKDI 

COAL  CLSJUIEKS 

PULVBUZBRS 

8IN0LS  XOLL  CKUSEBRS 

DBLAKATSK  COAL  TB8TKS 


BEER,  SONDHEIMER  CS).  CO. 

Frankfort-on-Maln.  Oerrnany 

HEW  YORK  OFHCE       -       -       6i    BROADWAY 

Zinc  Ores,  Cariwoates,  Sulphides  uid  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  BullioD,  Lead  Bullioa,  Lead  Ores,  Antl- 
numy  Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimomal  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  DubL 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  ca,  CO. 

43  Broadway  NEW  TORX 

BUYERS,  SMELTERS 
AND    REFmERS    OF 

Ores  and   Metals  of  All   Classes 

Agants  for: 


TTnitad  SlatM  Xatala  SeflniM  Co.,  Chroma,  R.  J.  and  QraMolU,  Ind. 

AawJoui  Ztnc,  Load  *  Sdultlnc  Co.,  Caaar  and  Doarini,  *«"— 

»•■-■"  Zinc  Co.,  La  Harp*,  Kaniat. 

Tka  SactiolTtlc  Seflnlni  *  Smaldaf  Co.  ot  Aostnlla,  Lid.,  Port  Zembla,  H.  8.  W. 


ACCURACY  m  MEASUREMENTS  ^^ 

I*  boH  obtaliud  tbrooflh  tha  nao  of  M 

MEASURING  TAPES  ' 

TIka  mar*  aanra  tiw  taaL  iha  botltt  Ualr  ihowint. 
Wat  aala  bj  aO  daalan.    Saad  far  OtalO(Da> 

m£/UfWMffui£pO.   SAGINAW,  mca.  u.  s.  a. 


WIITDSOH.  CAW. 


A  DIRECTORY  OF  MINING  AND 


MINtNG 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  Ca 

HUwaukee,  WiBconsin. 
HnniTG    HACHHTERY    of   Bveiy    Tjfn.    Compete 
Power  and  Elactiical  Equlpmsnts.    For  all  Caoadlaii 
bnsInssB  refer  to  Canadian  AlliB-Chalmars,   Limited, 
Toronto,  Ont 


ANSON  G.  BEHS 

NEW 

Trey,  N.  Y. 

PROCESSES 

Complex    Ores;      L>t>or>toiiea   for  HetaUnqfleal  Re- 

aearch. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  Row  Toik 

PUMPS 

CAMERON     VERTICAL    PLUNQER     SINKINO 

PUMPS,  for  shaft  ainUne.    CAMERON  HORIZON. 

TAL    PLUNGER    STATION  PUMPS,  for  handUaf 

giixty  water. 

ASSAVERS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Donvop,  C«la.  Salt  Laka  City,  Utah. 

Hannftwtnrera  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIBR8,  MuOas,  Fire  Brick,  Scientiac  App«- 
ratua,  Chenic^  Apparatus,  Heavy  ChemicalB,  C.  P. 
CbeniicalB,  Olsss -blowing,  etc.  Write  to-day  for  Cata- 
locoa- 


ROCK  DRILLS 


AIR  METERS 

STEEL  HOSE 

ETC. 


DENVER  RDCK  DRILL  MANUFACTURING  Ca 

Denvar,  Cole.        El  Pmo,  Tox.       N«w  York  Cltr> 
Salt  Lalw  City,  Utah.  San  Franalaoo,  Cal. 

MANUPACTURBRS  OP  WAUOH  DRILLS. 


EDISON 
STORAGE 
BATTERY 


EDISON  STORAGE  BAHERY  Ca 

Orangfl,  N.  J. 
Hann&ctnrerB  of  Oie  EDISOH  STORAQB  BATTERY 
for  HIne  Battlage.    Write  for  dsicr^tlTa  bvUetis. 


(14) 
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METALLURGICAL  EQUIPMENT 


GENERAL  ELECTRIC  CO. 

S«hBnMt«4y,  N.  Y. 

ELECTRIC  IIINB  LOCOMOTIVES.     BLBCTRIC 
MOTORS  for  Opentiiic.  Mining  Mkcbineir. 


ELECTRIC 

MINE 

LACOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chlaago,  llllnola. 

BLBCTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron.  Ohl«. 

CONVEYOR 

Ooodricb  "LoncUl*"  "  Maxecon"  ft  "Grainbclt"  CON- 

BELTS 

cost  than  mrtj  other  belti  made. 

HARBISON-WALKER  REFRACTORIES  CO. 

nttaborgji,  PaniuL 

Rafractorias  of  U^test  gnde  for  Blast  Fornaco  and  the 
Opeo  Heardi,  Electrical  Funacas,  Copper  Sttieltiiig 
plants.  Lead  ReflnMlaB,  Nickd  Smelters,  Saver  SUmas 
and  Dross  Fomacas,  AUoy  FnmaGes,  as  wdl  as  all 
other  tTPM  innse  intiiavarioiiB  metallnr^cal  processes. 


BRICK 
nRC  CLAY 

SILICA 
MAGNESIA 

•   CHROME 


HARDINGE  CONICAL  MILL  Ca 

HARDINGE 

new  York,  N.  T. 

BALL 
AND 

PEBBLE 

MILLS 

ILLINOIS  ZINC  CO. 


HannfketiireTa  of   SPELTER,    SHEET   ZINC    i 
SULPHURIC   ACID. 


SPELTER 
SHEET  ZINC 


TCoogle 


A  DIRECTORY  OF  MINING  AND 


COAL 

MINING 

MACHINERV 


INGERSOU-RAND  CO. 

11   Braadway,  N«w  Yark. 
"Retuni-Alr"  Pumps,  Coal  ShesrerB,  Pneamatic  HoUta, 
"Electric -Air"  DtIUb,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drilla,  Tamp- 
ing Machines,  Rock  Drilla,  Air  Lift  Pumps. 


COAL 

MININQ 

MACHINERV 


THE  JEFFREY  MFG.  CO. 

Calumbua,  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Lanies,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 


LEAD  LINED 
IHON  PIPE 
AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

WalnflaW,  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &  jONS  ROPE  CO. 

l-rTak  Qfaw  St.  Louis,  Mo.  Dwur  SnFndn 
Producing  WIRE  ROPE  of  qualities  and  construeU-xi 
adapted  to  every  condition  of  wire  rope  service.  Include 
log  the  celebrated  Hercules  Brand  and  Patent  Flattensd 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportatiaa 
of  any  material. 


BRIOUETT1NG 
MACHINERY 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,   Naw  York. 
Complete  plant  equipments  4,  8,  tC  and  33  tons  of  a  to 
3  01.  smokeless  and  odorless  briquettes  per  hour.    Com- 
plete plants  designed  and  erected. 


MINING 
MACHINERY 


NORDBERG  MANUFACTURING  CO. 

Milwaukee,  Wis. 
High  Efficiency  Steam,  Air  and  Electric  Hoists,  Air 
CompresBorB,  Blowing  Bnj^es,  Pumping  En^es,  Cor- 
list  Engines  and  otber  machiner; 


.coy  Google 


METALLURGICAL  EQUIPMENT 


OTIS  ELEVATOR  COMPANY 

El*v*nth  Av*.  and  Twanty-Slath  St.,  N*«w  York. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

Benurd  UacBoiuld,  Sontli  Paaadeiu,  Calif. 
Hamifactarer  of  the  Paml  Tank  System  of  SUme 
Agitatian  for  palp    nndergoliig    treatment   in    cyanide 
or  add  aolntlona.    Full  Infonnatlon  on  reqneiL 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MF&  CO. 

Hew  York 
Hannf  ectnrers  of  Conveyor,  BleTator  and  trcnsmlssion 
belts;  packtog,  valrei,  air  drill  hose  and  all  other  me- 
chanlcal  mfafaer  gooda.    Write  for  catalopie. 


CONVEYOR 

BELTS 

PACKING 

VALVES 


PENNSYLVANIA  CRUSHER  CO. 

Hew  York  iM,n.j.i.i.i_  Pittibiircli 

SO  Chonh  BtTMt  Phfladelphla  UuihamBy  ¥Wi 

Staplmi  Oinrd  BId'( 

Complete  Coal  Cmshing  and  Coal  Cleaninc  Plants; 
Cntshing  Hachlnety  for  By-Prodnct  Coking  Plants; 
Craahers  and  Pnlrerlzera  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsnm,  and  a  multitude  of  other  matsiialB. 


HAMMER 
CRUSHERS 
BRADFORD 
COAL  CLEANERS 
PULVERIZERS 
SINGLE  ROLL 
CRUSHERS 
DELAMATER 
COAL  TESTER 


POWER  AND  MINING  MACHINERY  CO. 

ROCK 

GUSHERS 

Works:  Cndahy,  l^a. 

COPPER 

Superiw  Jew  Crushers;  Cement  Making  Hachinei?; 

MINING 

Copper  CoBTerters;  Gas  producers. 

MACHINERY 

ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 
Ueasiter  ORE  BEDDING  System* — FURNACE 
FEEDERS;  SORTING  BELTS,  and  manj  other 
special  applieatlona  of  what  was  the  Pioneer  and  Is  the 
Standard  Belt  Conveyor;  Coal  Handling  Syatema; 
Electric  LocomotiTes  ;  Hoisting  Machinery. 

(17) 


ROBINS 

BELT 

CONVEYORS 

:   .ecDy Google 


A  DIRECTORY  OF  MINING  AND 


WIRE 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Tranton,  N.J. 


WIRE  ROPE  for  mining  work.    Stock  shipment 
■CBDcles  and  branchea  throughout  the  countiy. 


P.  H.  A  F.  M.  ROOTS  CO. 

VACUUM  AND 
ROTARY  PUMPS 

UanvfacniMn  of  the  RootB  Poaitive  Picmnira  Blo««n 

fot   Smelting,   Foundry  >nd   PUtrmtion   Work.     Writ> 

EXHAUSTERS 

for  Catalogue. 

WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

SB  Farrj  Street,  New  York 
Hanuftctur«ra  of   SCHIEHSIT'S   DTTZBAE  WATER- 
PROOF LEATHER  BELTIHO.    The  bftltlng  1b  water- 
proof and  chemical  proof,   perfect  In  material  and 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILUNG  MACHINE  COMPANY 

Oeneial  Offices:  Akron.  O. 

Branch  Office:  3  Rector  St,  Hew  Yotk  CttT- 

■Mtx  Itaw.  Mk-MlMlE,  torn     hrfl.  Infa.-lM  toA,  U. 

Uannfacturen  of  Portable   We'l  DrllUug  Haebineir, 

tracHon  or  non-traction  for  drilling  all  depths  to  MOO 

feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SUUIVAN  MACHINERY  CO. 

ISS  Sooth  Michigan  Ave.,  CUcago,  HL 
Coal  Pick  Machine*,  Air  Compreason,  Diamotid  Core 
DriUa,  Rock  DrUla,  Hammer  DrUlR,  Hine  Hoiau,  Chafai 
Cutter,  Bar  Uachinea,  Pans. 


DAMP- 
RESISTING 
COMPOUNDS 

AND 
PAINT 
SPECIALTIES 


TOCH  BROTHERS 

aao  Fifth  AT«nne,  Hew  Toik. 

Damp-Rotistlmg  Competuds  and  Paint  Specialties  for 
ereiT  purpose.    Send  for  Sl-page  book. 

oal  D,g,„zeo.y  Google 


METALLURGICAL  EQUIPMENT 


VULCAN  IRON  WORKS 

WllkM-Bariw,  Pa. 

Vnlcan  Electric  Mine  Hoimts,  Steun  Hoisti,  Holit- 
tog  mnd  Haalmge  Bogimea,  Hlnlng  Haehimerjr,  etc. 
Hkbolaon  Device  for  Prerention  of  Ovenrindiuf, 


WESTINGHOUSE  ELECTRIC  &  MF&  CO. 

Bast  PitUborgb,  Pa. 
TEE  BALDWar-WESTmOHOUSE  ELECTRIC  HIKE 
LOCOMOTIVES.    For  fnU  infonnatloii  write  «lthef  to 
■bore   addreaa   or  THE  BALDWIN   LOCOHOTIVB 
WOBXS,  PhfladelpUa,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wawariy  Park,  Nawark,  N.J. 
Weaton  EcUpae  AHUETERS,  IIILLIAUHETBKS 
■ad  VOLTMETERS  aie  well  luited  for  D.  C.  Ciiculti 
of  gip*^i  mine  plants. 


AMMETERS 

AND 

VOLTM  ETERS 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  XXZV— ISn  to  19M 
706  paces,  S  by  9  Inc&ea, 

Bound  In  dodi t5.M 

Bound  in  hali-morocco ..••       98.00 

VOLUMES  ZZm  to  ZI^1906  to  1909 
18S  pages,  6  bj  0  iadtei. 

Baond  In  doth SLW) 

Bomd  In  half-morocco SiLSO 

Taken  togethei  these  two  indexes  furnish  in  convenietit  form  for  ready  reference 
eveiythuig  of  importance  contained  in  the  Transactions,  and  give  to  both  member 
and  noD-mcmber,  whether  possesiing  a  set  of  the  Transactiota  oi  not,  the  means  of 
ascertaining  at  a  minimum  e^qMnditure  of  time  and  trouble  the  exact  contents  of 
the  volnmei  on  any  given  subject  of  spedal  interest. 

Seat,  prqmid,  on  receipt  of  price  by 

The  American  insNtute  of  Mining  Engineers, 

29  West  39th  Street,  New  Yorit 
(19) 
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PROFESSIONAL   CARDS 


WALTER  H. 

HataUwilcal  BncInBaf 

Stmt  mW-TOBX 


ARMSTEAD,  Henry  Howsll 

Consnlting  Bngliicer 


NEW  YORK 

Apaitkdo  OS.  Otwiui]iul^  Utiiao 


BUTTY,  A.  CHESTER 

CwNalUng  MlnlDB  EaglnMr, 


NEW  YORK,  N.  Y. 


CbkAdcb—: 

firaiiltic 


CHANNING,  J.  PARKE 


COULDREY,  PAUL  S. 

Mining  Bn^AW 

Oanen]  Minlai  Bapomtandflnt 
Caaao  SI  Fakid  Uimiko  Co. 

CERflO  di  PA$CO.  PBMI 

SOUTH  Menu 


HAMMOND.  JOHN  HAYS. 

CtAMKIiy  Eii^ntr, 
71  Bi<i»]wi7,  HEW  Y0RK. 


BROWN,  H.  B. 

Mining  Engineer 


TU  Paclfle  Black,      TAHCOnVBS.  R  C. 
PRIKCB  SUPBRT 


HANKS,  ABBOT  A. 

OhiHiat  Md  Aouyer 


CoaRnl  and  UiBpIn  Ah^ti,  Soporj- 
■loa  of  SanpUnc  u  Smdtan,  Chsmial 
AuilrKi   at  Cttti,   Hinsili,   Ulncnl 

INSMuattft.    Su  FrtMlMo,  Call 


BURCH,  H.  KENYON 

NKkulcil  gjrf  Metallirglui  Eiflmr 
Cue  InsiJnitiaD  Coaiokdatod  Capper  Co. 
■lUI,  «IU  COUNTY,  AinZBU 
DaitsDer  and  BnlldM  of 
Fowa.  HatMiULPam^if . 
Cnuhbcaad  MftHoc  Fluiti. 
Brnn-tnUI—  CoiM«>itntii>ii  of  Om. 

Eooaomla  Handlim  of  Mfttariali. 


HARDMAN,  JOHN  E. 

CwayHrDg  Hlaiag  Eigtawr, 

Boom  aol,  Bojtl  Tnut  BnDdiiw. 

MSNTREAL.  CAHADA. 


r^kio^k" 
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PROFESSIONAL  CARDS 

HOYU,  CHARLES 

MiRlil  E.|iMer, 

Afmnado  8,  EI  Oro, 

ESTAOO  DE  MEXICO,  MEXICO. 

RAYMOND,  ROSSITER  W. 
Mlnlag  Eagluer  ud  MetallirgM 

29  West  THiaTK-NiuTK  Steibt 

NEW  YORK 

LEDOUX  &  COMPANY 
AM«y«ra  ud  Supfera 

99  John  Street.             NEW  YORK 

iDdependent  SampUnR  World 
New  York  .ud  Jersey  City 

Bmeltora  an  AUuOo  ttmbouA 

REVETT.  BEN  STANLEY 

Minlag  Eaglneer 
Alluvial  Mining 

AND  Installations 
BREGKENRIDBE.  COLORADO 
(Uhi-Oredger" 
M:  Brffbnl-HoNeil 

LOWE.  HENRY  P. 

CMMyltiig  ud  MlilDi  Eiglieer, 
CENTRAL  CITV,  COLORADO. 

Bedford  MeMeUl  Cofle. "  Low^  Dbkt**." 

nCIUns,  ROBERT  H. 

BOSTON.  MASS. 

RIORDMI,  D.  M. 

CHy  livKtlif  Mk  lis  iTHAny,  Nnr  Tut 

MYERS,  DESAKB. 

Mining  Englnev 

331  Slc^  BnUdlDc           LOS  AHOBLES 

RiCKETTS  &  BANKS, 

80  Maiden  Lftne,  Now  York, 
Mlilig,  MtUllirglMJ  ud 

CbaDloaJ  Eigiuen, 

forBatPrBUHsfTnaUBtBI.   CoiiulBrioB 

BowAMD  FonxoH              C.  H.  Foibib* 

POILLON  t  POIRIER 

MfnlnK  Engbiesni 
S3  WaD  Street 

NEW  YORK  CITY 

PORTER  W.  SHIMER  ft  SON 

HotaUnrglcal  Chemists 

BnuioiHUD  1886 

IMtpti  *1  U;  a«\.  Ik  itber  rndHi.  ilkft, 
•ra,  ■herilt,  chI  Mai  akc.  ccmiI,  wittr,  etc. 

CWSUITATIM 

INVtSTHUIIOn                 EASTOH,  PENN'A 

■OtTJT" 

..  MR   PROFBSSIOIML   CARDS 
QUOTED    OH    AKmiCATIOH. 
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PROFESSIONAL   CARDS 

SPILSBURY,  E.  6YBB0N, 

STOUGHTON,  BRADLEY 

Oonmltmc,  01^  mjOng 
KLd  HrtaUnrtlMl  BndnMr, 

ConMdUng  Mcunurakd  EngbMr 

29  West  39Ui  Street 

Oabla  Addraa :  -Bpar^/i  JTmo  r«rJk. 

PROPOSALS  FOR  MEMBERSHIP.  A  blank  proi>o<.al  {or  Rwmbership 
is  included  in  each  Year  Book  and 
Bulletin.  In  the  event  of  not  beinff  able  to  secure  such  a  one,  applica- 
tions for  membership  can  be  made  out  on  any  blank  piece  oF  paper,  pro> 
vided  they  include  the  class  to  which  the  candidate  is  proposed,  whether 
member,  associate  or  junior  member;  the  siffnature  of  three  membera  or 
Bssociates  (junior  members  must  also  have  the  endorsement  oE  two  of  their 
instructors);  a  brief  history  oE  the  candidate,  including  date  and  placa  oE 
birth,  his  education  and  technical  record,  and  Gnally  a  signed  statement  by 
the  applicant  that  he  desires  to  become  a  member. 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


AlUs-Chalmera  Manufacturing  Co 14 

Beer,  Sondheimer  dc  Co 13 

Bausch  Sl  Lomb  Optical  Co 9 

Anson  G.  Betta 14 

A.  S.  Cameron  Steam  Fump  Works 5 

Driver  Pire  Clay  Co 14 

Denver  Rock  Drill  Co 14 

Edison  Storage  Battery  Co 4 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 15 

B.  P.  Goodrich  Co 11 

W.  &  L.  E.  Gurley 2 

Harbison-Walker  Refractoriee  Co 15 

Hardinge  Conical  Mill  Co. Inside  Front  Cover 

Illinois  Zinc  Co 15 

Ingersoll-Rand  Co 3 

Jeffrey  Manufacturing  Co 9 

Lead  Ijned  Iron  Pipe  Co 16 

A.  Leachen  ft  Sons  Rope  Co 16 

LufldnRuleCo 13 

MacDonald,  Bernard  (Parral  Tank  System) 12 

Mashek  Engineering  Co 16 

Nordbei^  Manufacturing  Co 24 

Otis  Elevator  Co 17 

Peerless  Rubber  Manufacturing  Co 10 

Pennsylvania  Crusher  Co 17 

Power  &  Mining  Machinery  Co Inside  Back  Cover 

Robins  Conveying  Bdt  Co 17 

John  A.  Roeblmg's  Sons  Co 10 

P.  H.  &  F.  M.  Roots  Co 18 

Chas.  A.  Schieren 12 

Star  Drilling  Machine  Co 8 

Sullivan  Machinery  Co 1 

Toch  Brothers. 11 

L.  Vi^elstein  A  Co 13 

Vulcan  Iron  Works 8 

Baldwin-Westinghouse  Co 6 

a  Electrical  Instrument  Co 7 
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Typkal  Nordbtrg  TtBo-Dnm 


Nordberg  Electric  Hoists 

"VrORDBERG  Electric  Hoists  are  built  in  all  sizes,  single 
and  double  drum,  hand  operated  in  smaller  sizes,  and 
with  oil  or  air  thrust  cylinders  in  larger  sizes. 

The  above  drawings  show  a  typical  small,  hand  operated, 
two-drum  hoist  of  a  type  built  in  large  numbers.  Four  were 
recently  supplied  for  Phelps,  Dodge  &  Co, 

Each  drum  is  supplied  with  a  Nordberg  axial  plate  clutch 
and  post  brakes  suspended  by  carriers,  so  as  to  have  absolutely 
parallel  motion. 

The  clutches  Eire  operated  by  powerful  mechanism  consisting 
of  a  hand  wheel,  worm  and  sector  and  the  brakes  by  hand  levers 
and  quadrants.     The  gears  are  of  cut  herringbone  type. 

Perfect  alignment  of  gear  and  pinion  Is  assured  by  the  provialoa  of  besirlngs 
on  each  side  of  the  pinion  and  gear,  all  on  the  same  bed  plate,  and  all  anai^ed 
at  one  «nd  of  the  holat. 

IN  NORDBERG  HOISTS,  SAFETY  IS  THE  FIRST  CONSIDERATION 

NORDBHtft 


7       NORDBERG  MANUFACTURING  CO.  O 
Milwaukee,  Wisconsin  B 
ManiifactuKTs  of  High  Efficiency  CoiliM  Engines;  Uniflow  I 
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EXAMINE  THIS  ILLUSTRATION 


HIGH    ENDORSEMENT 

ACCORDED         TO 

THE  HARDINGE  MILL 

BY 

METALLURGICAL  ENGINEERS 


CLASSIFIED  IN 
PROPORTION  TO 
THE  WORK  TO  BE 
DONE. 

THE  ACTION  WHICH  TAKES  PLACE  IS 
BASED  ON  A  NATURAL  PRINCIPLE  AND 
THE  WORK  PERFORMED  BY  HUN- 
DREDS OF  MACHINES  PROVES  OUR 
CLAIM  OF  LOWER  OPERATING  COSTS. 

HARDINGE  CONICAL  MILL  CO. 
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GETTING  ACQUAINTED 

The  importance  to  each  member  of  broadening  his  acquaintanceship 
and  developing  personal  relationships  with  fellow  members  needs  no 
argument,  but  aside  from  the  annual  meetings,  and  the  efforts  of  local 
sections,  the  opportunities  for  doing  this  have  heretofore  been  left  to 
chance.  To  meet  this  need  it  is  now  proposed  to  establish  the  custom 
of  an  Institute  annual  dinner  for  purely  social  purposes,  to  be  given  at  the 
most  suitable  local  center  by  those  members  who  are  within  convenient 
reach  of  that  center. 

The  plan  involves  no  permanent  organization  and  is  so  elastic  as  to  fit 
any  conditions  from  those  of  the  cities  to  those  of  the  frontier.  It  merely 
requires  each  member  to  acknowledge  his  duty  to  the  profession,  once  a 
year,  by  personally  meetii^  the  fellow  members  of  hia  vicinity.  The 
plan  has  now  been  in  operation  for  three  years  at  St.  Louis,  Mo.,  and 
for  one  year  at  Butte,  Mont.,  and  in  both  cases  with  such  remarkable 
success  that  what  was  b^un  as  a  duty  is  now  anticipated  with  enthui^ias- 
tic  interest.  It  has  been  found  that  members,  no  matter  how  successful 
and  influential  they  may  have  become,  are  keenly  alive  to  the  importance 
of  keeping  in  personal  touch  with  the  men,  and  particularly  the  younger 
men,  of  their  own  profession.  The  annual  dinner  has  in  fact  been  wel- 
comed and  supported  by  every  one  as  soon  as  its  character  and  real  mean- 
ing have  been  understood. 

The  President  and  Board  of  Directors  therefore  ask  you  to  co-operate 
with  the  other  members  of  your  vicinity  in  establishing  the  custom  at  the 
first  smtable  opportunity.  So  far  it  has  been  found  best  to  select  the 
season  in  advance  and  to  fix  the  actual  date  by  inquiries  made  at  the  time. 
Local  sections,  or  in  their  absence  committees  formed  to  decide  upon  the 
most  favorable  season,  place  grouping,  and  other  details,  may  find  the 
experience  at  St.  Louis  and  Butte  suggestive,  and  inquiries  concerning 
it  should  be  addressed  to  P.  N.  Moore,  Merchants  Laclede  Building,  St. 
Louis,  and  to  E.  P.  Mathewson,  Anaconda,  Mont.,  who  have  kindly 
offered  to  furnish  any  information  desired. 

In  case  any  such  committees  feel  that  the  presence  of  Institute  officials 
or  members  of  the  Board  of  Directors  would  be  of  assistance  in  starting 
the  system,  they  should  correspond  directly  with  those  who  are  known  to 
be  within  reach  and  also  advise  the  Secretary  of  the  Institute  as  to  the 
place  and  date  in  view.  He  may  frequently  be  able  to  inform  them  as  to 
officers  or  Directors  who  are  likely  to  be  in  the  vicinity  at  the  time.  It 
is  believed  that  the  new  custom,  once  firmly  established,  will  have  pro- 
found and  far-reaching  effects.  Personal  relations  cannot  be  created  in 
a  day,  but  their  systematic  development  is  certain  to  bring  benefits  to 
the  individual  member  which  will  exceed  all  anticipations. 
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CORKECTIONS  FOR  MAY,  1914,  BUIUETIN 

Page  738:  Fourth,  third,  and  second  lines  from  bottom  of  page 
should  read: 

Id  the  gas-electric  station,  where  the  units  will  be  of  2,000-kw.  capac- 
ity, there  will  be  32  units. 

In  the  turbo-electric  station  six  10,000-kw.  units  will  suffice. 

Page  743:  Eighth  line  from  bottom  of  page  should  read: 

^          „     _  .              398.3X0.70X0.70X0.93     „^ 
Over-all  efficiency  = ~~"i~247~4 "^  P**"  '^^'^^■ 
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29  West  39th  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


<Xuiie  ia  Full) 


Occupation- 
Address 


is  hereby  proposed  by  the  undersigned,  as  a— 


of  the  Amenoan  Institute  of  Mining  Engineers. 


I  BlsDKtlirea  of  Uine 


Place  of  births 


_  Year  of  birth— 


Education,  general  and  technical,  when,  where  and  how  acquired, 
with  degrees,  if  any. 


Digitizecy  Google 


Record  of  experience.  Briefly,  the  past  and  present  employmeiU, 
with  narnea  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc.,  should  be  written  without  abbreviations.) 


Da 


Present  position_ 


—Signature. 


Dated^ 
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EXTRACTS  PROM  TH&  CONSTITUTION. 
ARTICLE  II. -Members. 
Sbc.  1.  The  membership  o(  the  Instllute  shiu  comprise  four  cluaea,  namel; :  1.  tCembeni  %  Hon- 
oni? Memben :  8.  Assoclales;  4.  Junior Uem ben.  •  •  • 

Sec.  2.  The  folEowlng  elatses  of  peisana  Bhall  be  eligible  Ibr  membenblp  !□  the  Initlttite.  uunelT :  u 
Uembere,  &II  professional  mining  englneera,  geoloelsta,  metallurgists,  or  ehumlatt,  and  «U  porsoni 
■ctlTely  eniifBged  lu  mining  and  metallurgical  fnglDeerlng,  geology,  or  chemistry ;  as  Associates,  all 
persons  doslrona  of  being  CODDected  with  Ihe  Institute  who  in  the  opinion  of  the  Board  of  Dileoton 

As  Junior  Members.  sU  studeots  In  good  standing  In  engineering  schools  who  bave  not  taken  their 
degrees  and  who  are  nomlnitled  b;  at  least  two  of  Ihilr  Instructors.  *  ■  * 

Every  candidate  for  elcclion  as  a  Member.  Associate,  or  Junior  Member  must  tw  proposed  for  election 
bj  at  least  three  Members  or  Associates,  must  be  approved  by  the  CammUtee  on  Membership,  ai  pn- 
icribedln  the  By-Laws,  kudmuat  be  elected  br  the  Board  otDlrecton. 
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Pabtlahad  MoDthlj  br  tha  AmericMi  lutltnU  of  Hlnlnc  IEi«itwBa  at  313-318  York  8t., 
Turk.  Pa..  H.  A,  WiBormr.  PublioBtion  bUnacw.  Editorial  Ofls*.  a»  W«at  30tb  Bt..  Nnr  York, 
N.  v..  BaADLiT  SroTiaBTOH.  Bdllot,  P.  O.  Pibbci,  Ant.  Editot.  Cabia  addraaa.  "Alma."  Waatarn 
DdIoci  Talacrspb  Coda.  BubaeHptlon  ([naludlnc  poataac).  (10  pat  unam;  to  memban  of  tha  laatt- 
Inte.  pablio  llbrsHa*,  sdnostioDal  iDBtltutioaa  and  tasboloaJ  soclatlea,  IS  pai  aDaam.  8lii(l«  ooplea 
(iAeludisfl  Eloataca)i  fl  aaoh;  to  mamb«n  of  tha  Tutltuta.  publla  Ubrarlaa.  ato.,  fiO  ooDta  oabb. 


SALT  LAKE  CITY  MEETING 

The  One  Hundred  and  Eighth  Meeting  of  the  Institute, 

for  the  presentation  and  discussion  of  technical  ptpers, 

will  be  held  at  Salt  Lake  Ci^,  Utah,  August  lO  to  14,  1914. 

Institute  Headquarters  will  be  at  the  Hotel  Utah,  where 

the  technical  sessions  will  be  held. 

In  view  of  the  heavy  influx  of  tourists  to  Utah  in  August, 
members  who  contemplate  attending  the  Salt  Lake  meet- 
ing are  urged  to  communicate  with  the  Secretary  of  the 
Institute  or  the  Chairman  of  the  Local  Comittee,  R.  C. 
Gemmell,  P.  0.  Box  1169,  Salt  Lake  City,  Utah,  at  as 
early  a  date  as  possible,  in  order  that  provision  may  be 
made  for  suitable  hotel  accomodations. 
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NOMIMATIONS  FOR  OFFICERS 

Tte  Committee  appointed  by  your  Board  of  Directors  to  nominate 
Officers  for  the  Institute  for  the  year  1915  invites  the  participation  of  all 
members  in  the  nominations.  The  suggestion  of  names  for  the  various 
offices  will  be  appreciated  and  given  full  consideration  when  making  the 
selection  of  candidates  which  this  Committee  will  recommend. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1915, 
are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Con- 
stitution, and  to  By-Law  XIII,  which  reads  as  foUows: 

"The  Geographical  districts  to  be  considered  by  the  Committee  oq  Nominations 
shall  be  as  follows,  until  otherwise  ordered  by  the  Board. 

District  No.  I.  New  England,  New  York,  and  New  Jersey,  excepting  New  York 
City  and  district,  which  is  provided  tor  in  the  Constitution.  (N.  B.— New  York  City 
and  district  is  designated  District  0.) 

District  No.  2.     Fennsylvania. 

District  No,  3.    Ohio,  Indiana,  Illinoia,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraaka,  Kansas, 
Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.     California  and  Nevada. 

Distriot  No.  7.     Utah,  Colorado,  Arizona,  and  New  Meidoo. 

District  No.  8.     Louisiana  and  Texas. 

District  No.  9.    Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.    Cuiada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 

"  In  making  such  selections  (namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shaU,  so  far  as  practicable,  distribute  the  representation  on  the  Board 
KeographicBlly,  so  that  seven  members  shall  be  residents  of  the  district  iacludirtg  New 
York  City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  the 
Institute,  and  one  member  a  resident  of  each  of  the  geographical  districts  enumerated 
in  the  By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  Benjamin  B.  Thayer  (not  eligible  for  re-election). 

Past  President,  James  F.  Kemp. 

Vice-Presidents,  Karl  Eilers,  District  0;  Sidney  J.  Jennings,  District  0. 

Directors,  Edmund  B.  Kirby,  District  3;  Joseph  A.  Holmes,  District 
9;  Robert  W.  Hunt,  District  3;  George  C.  Stone,  District  0;  Edward  L. 
Young,  District  0. 

It  is  the  earnest  desire  of  this  Committee  to  obtain  the  expression  of 
the  members,  in  an  endeavor  to  present  to  the  voters  of  the  Institute  as 
strong  and  representative  a  selection  of  candidates  as  is  procurable. 

Communications  should  be  sent  to  the  Chairman  of  the  Nominating 
Committee,  304  Boston  Building,  Denver,  Colo. 

WiluXm  J.  Cox, 
Chairman,  Nominating  Committee. 
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BOARD  OF  DIRECTORS 

Meeting  of  April  24, 1914. — President  Thayer  SDnounced  the  appoint- 
ment of  the  Committee  on  Safety  and  Sanitation. 

The  Committee  on  Nominations  for  officers  for  1915  was  appointed, 
as  follows:  William  J.  Cox,  Chairman;  H.  Foster  Bain,  Joseph  Daniels, 
Charles  E,  Mills,  R.  V.  Norris,  E.  Gybbon  Spilsbury,  and  Herbert  A. 
Wheeler. 

The  request  of  twenty  residents  of  Salt  Lake  City  and  vicinity  for 
permission  to  establish  the  Utah-Nevada  Local  Section  was  granted  and 
R.  C.  Gemmell  was  appointed  Chairman  of  the  Committee  on  Organiza- 
tion. 

The  following  resolution  was  adopted: 

Retoteed:  That  under  authority  of  Article  V,  Section  7,  of  the  Constitution,  a 
special  Committee  be  and  hereby  is  appointed,  to  consist  of  the  President  and  six 
other  members  of  the  Institut*,  tobe  named  by  him,  who  shall  be  authorized  to  appear 
before  the  proper  authorities  at  Washington  and  urge  that  Mining  Engineers  be  ap- 
pointed upon  tne  proposed  Commission  for  revision  of  the  Federal  Mining  Laws. 

Further  RseolDed:  That  the  activities  of  this  special  Committee  be  restricted  to  the 
authority  given  in  this  resolution. 

The  President  then  named,  as  members  of  this  special  committee, 
the  following  members;  Messrs.  E.  B.  Kirby,  J.  A.  Holmes,  H.Jennings, 
C.  F.  Rand,  F.  L.  Garrison,  W.  L.  Saunders  and  B.  B.  Thayer,  ex  officio. 

It  was  voted  that  no  collective  Index  of  the  Transactions  be  published 
this  year. 

Upon  recommendation  of  the  Executive  Committee  it  was  voted  that 
all  Junior  Members  in  good  standing  shall  be  permitted  to  purchase  the 
Transactions  of  the  current  year  by  the  payment  of  $5  for  that  year  in 
addition  to  the  regular  Junior  Membership  fee  of  $5  per  year. 

A  vote  of  thanks  on  behalf  of  the  Institute  was  extended  to  Sir  Robert 
A.  Hadfield  for  his  generous  gift  in  establishing  the  Hadfield  Research 
Prize. 

Three  Associate  Members,  126  Members  and  5  Junior  Members 
were  elected  to  membership  in  their  respective  classes. 

Ten  Members  who  had  paid  their  dues  for  1913  and  previously,  were 
reinstated. 

The  resignations  of  four  Members  were  accepted: 

The  following  amendments  to  the  By-laws  were  approved: 
By-Law  VII,  Pabaoraph  4 

Changed  to  read,  "The  Committee  on  Publicationa  shall  consist  of  the  Secretary 
of  the  Institute,  who  shall  be  its  Chairman,  and  at  lea«t  twelve  members  of  the 
Institute,  to  assist  in  passing  on  all  papers  offered  for  publication.  They  shall  be 
appointed  annually  by  the  Board  of  Directors." 

Bt-Law  XVIIl,  Section  6 
Add:  Any  Member  or  Associate  of  the  Institute  whose  place  of  business  and 
residence  are  outside  of  the  territory  of  any  Local  Section,  or  who  is  already  a  member 
of  the  Local  Section  within  whose  territory  he  has  his  place  of  business  or  residence, 
is  eligible  to  become  a  member  of  any  Local  Section  of  the  Institute,  under  such  regula- 
tions as  the  individual  Local  Section  may  enact,  and  shall  be  designated,  when  elected, 
as  a  "Non-Resident  Member"  of  such  latter  Section. 

Section  10,  Add: 
This  regulation  is  not  intended  to  forbid  any  Member  of  a  Local  Section  from  vol- 
untarily enrolling  himself  as  a  "Contributing  Sectional  Member,"  such  agreeing 
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yearly  to  be  aeeessed  up  to  &  certain  maxiinum  annual  sum  for  the  expenses  of  the 

Section ;  nor  does  it  exempt  either  auch  Members  as  are  eligible  to  "  Resident  Member- 
ship" who  fail  to  become  Members  of  the  Section  within  three  months  after  due  invita- 
tion, or  "Non-Resident  Members"  of  a  Section,  from  being  required  to  enroll  ae 
"Contributing  Sectional  Members." 

Sbction  9,  Link  4: 
For  "Members"  read  "Resident  Members." 


Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  April  10  to  May  10; 

L  N.  EJiapp,  Ardmore,  Fa.  B.  P.  Mathewson,  Anaconda,  Mont. 

Herbert  B.  Cor,  New  York,  N.  Y.  H.  B.  Barling,  New  York,  N.  Y. 

A.  McLiatock,  Brooklyn,  N.  Y.  H.  M.  Thompsoo,  Morsemere,  N.  J. 

Beioiich  Hies,  Ithaca,  N.  Y.  HowUnd  Bancroft,  Denver,  Colo. 

R.  H.  CaQin,  Franklin  Furnace,  N.  J.  John  H.  Adama,  Birmingham,  Ala. 

Percy  B.  Barbour,  Candor,  N.  C.  Henry  D.  Boddington,  London,  England. 

A.  D.  R.  Gallow^  Oruro,  Bolivia.  WilUam  J.  Cox,  Denver,  Colo. 

M.  K.  Rodgers,  WestKate,  Cal.  W.  J.  Morrison,  Toronto,  Canada. 

W.  J.  Richards  has  beeu  elected  President  of  the  Reading  Coal  & 
Iron  Co.,  succeeding  the  late  George  F.  Baer. 

H.  L.  Haldeman  has  been  elected  President  of  the  Pulaski  Iron  Co., 
Philadelphia. 

Charles  F.  Rand,  President  of  the  Spanish-American  Iron  Co.,  Past 
President  of  the  American  Institute  of  Mining  Engineers,  has  been 
made  a  member  of  the  Order  of  Isabella  Catolica  and  decorated  by  the 
King  of  Spain  with  the  Grand  Cross  of  a  Knight  Commander. 

George  A.  Laird  has  severed  his  connection  with  the  Great  Cobar 
Copper  Co.,  and  has  opened  an  office  in  Sydney,  N.  S.  W.,  to  carry  on  a 
general  consulting  practice. 

Arthur  G.  McKee,  of  Cleveland,  Ohio,  engineer  and  general  con- 
tractor for  power  plants,  cold  storage  and  handling  plants,  has  opened  a 
branch  office  in  New  York  at  52  William  Street. 

H.  F.  E.  Gamm  has  severed  his  connection  with  the  Oil  Furnace 
Engineering  Co.,  of  New  York,  and  will  engage  in  mine  examination  and 
engineering  work. 

James  I.  Long  has  resigned  bis  position  with  the  El  Dorado  Mining 
&  Milling  Co.,  and  has  taken  up  his  residence  at  Los  Angeles,  Cal. 

Lawrence  Addicks  has  been  engaged  by  Phelps,  Dodge  &  Co.  to  take 
charge  of  the  field  work  in  connection  with  the  hydrometallurgical  re- 
search of  that  company. 

Robert  W.  Hunt  was  elected  one  of  the  Vice-Presidents  of  the  National 
Association  for  Testing  Materials  at  a  meeting  of  the  Council  of  that 
Association,  held  in  Turin. 

William  H.  Donner,  President  of  the  Cambria  Steel  Co.,  has  been 
elected  Chairman  and  Director  of  the  Pennsylvania  Steel  Co. 

George  H.  Carrey  has  severed  his  connection  with  the  American 
Smelting  &  Refining  Co.,  and  allied  companies,  as  their  Chief  Geologist, 
and  has  opened  an  office  as  consulting  mining  geologist  and  eDgioeer  at 
115  Broadway,  New  York. 
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G.  M.  Shoemaker  has  been  appointed  Manager  of  Operations  for 
the  LaFollette  Coal,  Iron  &  Railway  Co.,  in  place  of  Edward  H.  Coxe, 
reigned. 

Robert  B.  Tinsley,  Superintendent  and  Asaistant  Engineer  of  the 
Panama  Canal,  has  tendered  his  resignation,  to  accept  a  position  with 
the  Caribbean  Petroleum  Co.  as  General  Manager  of  all  their  oil,  asphalt, 
and  railroad  interests  in  eastern  Venezuela. 

W.  D.  B.  Motter,  Jr.,  until  recently  Manager  of  the  Canada  Iron 
Mines,  Ltd.,  Trenton,  Ont,,  has  accepted  a  position  aa  Manager  of  the 
Benson  Mines  Co.,  Benson  Mines,  N.  Y. 

POSITIONS  VACANT 


Wanted  for  a  mill  on  the  Ivory  Coast  of  Africa  an  experienced 
amalgamator  and  millman.     Salary,  $160  to  1200  per  month.     No.  18. 

ENGINEERS  AVAILABLE 


Chemist-metallurgist  of  broad' technical  training,  university  graduate, 
with  experience  in  chemical  and  metallut^cal  research  work,  desires 
position,  preferably  in  the  East.  Has  successful  past  that  stands  investi- 
gation.   No.  73. 

Member,  mining  and  metallurgical  engineer;  thorough  technical  train- 
ing, Ph.  D.,  Columbia  University,  aged  39,  married,  with  an  extensive 
experience  in  smelting,  mining,  and  economic  geological  work  in  U.  S., 
Mexico,  and  South  America,  desires  position  as  assistant  to  the  Manager 
or  Superintendent,  or  as  a  director  of  experimental  and  research  work, 
with  a  reliable  mining  or  metallurgical  company.  The  West,  Mexico, 
or  South  America  preferred.     No.  98. 

Member,  aged  28,  graduate  of  Lehigh  University,  with  seven  years' 
experience  as  surveyor  and  engineer  on  railroad  and  construction  work, 
desires  position  as  engineer  either  in  field  or  office.     No.  99. 

Member,  technical  graduate,  32  years  old,  varied  experience  from 
mine  surveyor  and  assayer  to  mine  and  mill  superintendent,  desires 
position  with  precious-metal  mine.     No.  100. 

Graduate  mechanical  engineer  [Lehigh,  1910),  aged  27,  desires  posi- 
tion as  experimental  and  test  engineer;  four  years'  experience  in  physical 
testing,  metallography,  and  heat  treatment  in  a  large  tire  works; 
familiar  with  8t«el  foundry  work  in  carbon  steels.     No.  101. 

Member,  aged  37,  college  graduate,  married,  14  years'  experience 
in  mining  and  exploring  and  superintending  large  low-grade  mines; 
opening,  equipping  and  developing  new  properties.  Has  record  of  de- 
creased costs  and  increased  efficiency.  Best  references.  Desires  position 
with  good  people  where  there  is  a  chance  for  advancement.     No.  102. 

Memt)er,  technical  graduate,  aged  43,  21  years'  experience  in  con- 
nection with  coal  and  coke  operations  in  various  parts  of  the  country, 
15  years  in  charge  of  operations,  desires  position  as  general  superintendent 
or  general  manager  of  large  coal  mining  company.     No.  103. 
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Member,  mining  engineer  aged  32,  technical  graduate,  with  ten  years' 
experience  in  United  States  as  engineer  and  general  manager,  desires 
management  or  financial  position  in  United  States,  Salary  not  less  th«i 
$10,000.  Exceptional  business  experience,  does  not  speak  Spanish. 
Available  on  60  day's  notice.     No.  104. 

Member,  graduate  mining  engineer,  aged  27,  experience  as  mine 
surveyor  in  gaseous  and  nongaseous  mines  of  three  States,  at  present 
Chief  Engineer  for  large  coaJ  company,  desires  position  as  head  of 
engineering  department.    No.  105. 

A  member,  technical  graduate,  with  five  years'  practical  experience  in 
iron  and  steel  work,  desires  a  position  as  Assistant  Superintendent  of  an 
iron  blast-furnace.     No.  106. 

A  junior  at  Columbia  University,  with  experience  in  microscopic  work 
on  cast  irons,  is  desirous  of  obtaining  a  position  for  the  summer  doing 
metallographic  work.     No.  107, 

Member,  technical  graduate,  aged  25,  with  experience  in  surveying, 
sampling,  and  office  work  in  coal  and  metal  mines,  both  underground 
and  open  pit,  desires  position.    No.  108. 

Fuel  specialist,  with  experience  in  investigating  boiler  room  and  fuel 
troubles,  is  desirous  of  obtaining  temporary  or  permanent  position  in 
solving  power-consumption  problems.    No  109. 

Member,  technical  graduate,  aged  37,  with  14  years'  experience  in 
mine  and  mill  operation,  consulting  work,  and  as  Professor  of  Mining 
Engineering,  desires  a  position  as  manager  of  developement  company 
or  metal  mine  or  as  Professor  of  Mining  Engineering  or  Economic 
Geology.    No  110. 

Member,  technical  graduate,  aged  27,  four  years'  experience  in  coal 
and  iron  mines,  one  year  in  chemistry,  desires  position  as  engineer,  as- 
sayer  or  chemist.     Has  best  of  reference.     No.  111. 


NOTABLE  GIFT  TO  THE  LIBRARY 

United  Enoineerinq  Society 

29  West  39Ta  Street 

Nbw  York,  N.Y. 

Mr.  Bradley  Stoughton,  April  9, 1914. 

Secretary  American  Institute  of  Mining  Ei^neers, 

Engineerii^  Societies  Building, 

29  West  39th  Street,  New  York. 
Dbar  Sir: 

At  the  meeting  of  the  Board  of  Trustees  of  United  Engineering 
Society,  held  on  March  26,  1914,  the  Board  was  honored  by  a  gift  fronn 
Mr.  John  W.  Lieb,  Jr.,  of  a  series  of  volumes,  covering  the  work  of 
Leonardo  da  Vinci,  as  engineer,  philosopher,  and  artist.  The  gift  in- 
cluded volumes  of  the  Codice  Atlantico  di  Leonardo  da  Vinci,  published 
under  the  auspices  of  the  Italian  Government;  a  reproduction  of  da  Vinci's 
note  books,  and  certain  unique  monographs,  making  in  all  twelve  units 
of  the  greatest  interest. 

The  Board  of  Trustees  passed  formal  action  of  thanks  to  Mr.  Lieb, 
but  directed  me  in  addition,  to  give  voice  in  each  of  the  Founder  Societies, 
to  the  hope  that  such  a  gift  might  be  exemplary  to  other  persons,  and  to 
make  public  the  fact  that  the  Board  of  Trustees  would  welcome  the  de- 
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velopment  in  the  Library  of  United  Engineering  Society,  of  a  department 
covering  the  history  of  the  mechanic  arts  in  this  and  other  countries, 
vith  biographies  and  other  material  covering  the  great  names  of  men  who 
have  labored  in  this  field.  It  was  the  hope  of  the  donor  and  of  the 
Board,  that  Mr.  Lieb's  gift  might  be  added  to,  making  a  collection  of 
"da  Vinciana"  in  its  Library  which  would  be  of  distinguished  interest. 

This  information  is  sent  to  you  for  transmittal  to  the  governing  board 
of  your  Institute,  and  with  a  request  that  they  be  asked  to  take  such 
action  as  may  be  appropriate. 

Very  truly  yours, 

F.  R.  HcTTON,  Secretary. 


The  Library  Board  of  United  Engineering  Society  desires  to  obtain 
by  gift,  exchange,  or  purchase,  any  of  the  missing  volumes  of  serial  publi- 
cations listed  on  page  xvi,  and  requests  the  co-operation  of  members- 
Please  tiotify  the  Librarian  if  you  have  any  of  these,  or  know  of  any  one 
who  wishes  to  dispose  of  them.  In  this  way  you  can  assist  in  adding  to 
the  resources  of  the  Library. 


IRON  AMD  STEEL  COMMITTEE 

Albert  Sautbur,  Chairman 

A.  A.  Stevenson,  Vice-Chairman 

Herbbbt  M.  Bovlbton,  Secretary,  Abbot  Bldg.,  Cambridge,  Maaa. 

E.  Gybbon  Spilabury, 
J.  S,  Unger, 
FelixA.  Vogel, 
Leonard  Waldo, 
WilUam  R.  Walker, 
William  R.  Webater, 
Frederick  W,  Wood. 

There  will  be  a  meeting  of  the  Institute  in  Pittsburg  on  Oct.  8,  9, 
and  10,  1914.  This  meeting  will  be  under  the  joint  auspices  of  the  Iron 
and  Steel  Committee,  the  Committee  on  Coal  and  Coke,  and  the  Com- 
mittee on  Petroleum  and  Gas.  The  iron  and  steel  papers  will  probably 
be  presented  on  Oct.  8. 

The  following  papers  have  been  received  and  accepted  and  will  be 
read  at  the  October  meeting. 

John  Birkinbine:  Iron  Ore  Reserves. 

G.  K.  Burgess:  Obaervationa  on  the  Finishing  Temperatures  and  Properties  of 
Rails. 

J.  V.  Emmons:  Surface  DecarboniEAtion  of  Tool  Steel. 

J.C.H.  Ferguson:  Notes  on  Roll  Shells;  Their  Manufacture,  Their  Wear  in  Service. 

R.  H.  Rice:  Turbo-Blowers. 

Albert  Sauveur:  Manganese  Steel  and  the  Allotropio  Theory. 

A  paper  has  been  promised  on  the  results  obtained  by  the  Snyder 
electric  furnace,  and  the  Pennsylvania  Engineering  Co.  has  promised  a 
paper  giving  plans  of  duplex  steel  process  plants. 

H.  M,  BoYLSTON,  Secretary. 


GuiUiaem  Aertaen, 

Heniy  M.  Howe, 

John  Birkinbiae, 

■Robert  W.  Hunt, 

WiUiam  H.  Blauvelt, 

J.  E.  Johnson,  Jr., 

Charlea  A,  Buck, 

CharlM  Kirchhoff, 

Ernest  F.  Burchard, 

Richard  Moldenke, 

F.  D.  Carney, 

Charles  F.  Rand, 

James  Gayley, 
Henry  D.  Hibliard, 

Joseph  W.  Richards, 
C.  F.W.  Rys, 
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COMMITTEE  ON  SAFETY  AND  SANITATION     . 

Ahthdh  Williams,  CkairTnan 
E.  Maltbt  Shipp,  Secretary,  2  Rector  Street,  New  York,  N.  Y. 

A  preliminary  meeting  of  the  Committee  on  Safety  and  Sanitation, 
recently  formed,  was  held  on  May  27,  1914,  to  discuss  plans  for  the  work 
of  the  Committee.  It  was  decided  that  the  scope  of  this  Conamittee'b 
activities  should  include  physical  safety,  sanitation,  and  education,  and 
that  sub- committees  should  be  formed  to  cover  the  various  phases  of  the 
general  subject  of  safety.  As  an  initial  step,  it  was  decided  to  collect 
information  concerning  the  safety  regulations  in  force  at  various  mines, 
and  arrange  for  the  compilation  of  a  standard  set  of  rules  to  meet  the 
different  conditions  which  prevail  in  mining  and  metallurgical  work. 

Members  of  the  Institute  can  aid  the  Committee  greatly  in  its  work 
by  sending  to  the  Secretary  of  the  Committee  the  rules  now  in  force 
at  their  mines,  together  with  suggestions  based  on  experience  in  the 
conduct  of  safety  work. 

E.  Maltby  Shipp,  Secretary. 

NEW  YORK  LOCAL  SECTION 

Executive  Committee 

.  L.  W.  Fbancis,  Chairman 

Willard  S.  Morse,  Vice-Chairman 

Thomas  T.  Read,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y. 

P.  A.  MogMAN,  Treaeurer 

Louis  D.  Huntoon  -— ~ 

Since  the  annual  meeting  in  February,  the  New  York  Section  of  the 
Institute  has  held  three  meetings.  The  meeting  on  March  10  was  held 
in  conjunction  with  the  American  Society  of  Mechanical  Engineers  and 
the  American  Electrochemical  Society,  at  the  Engineering  Societies 
Building.  The  papers  of  the  evening  were  devoted  to  records  of 
progress  in  the  Processes  for  the  Photographic  Reproduction  of  Natural 
Colors.  The  speakers  of  the  evening  were  F.  E.  Ives,  one  of  the  earlier 
workers  in  color  photography,  Westley  Allison,  C.  W.  Robinson,  George 
F.  Clyfton,  John  B.  Taylor,  and  Henry  Hess. 

The  April  meeting  was  held  on  April  22  at  the  Institute  headquarters, 
and  the  topic  for  discussion  was  Sanitation  in  Mining  and  Metallurgical 
Work.  The  principal  paper  was  by  J.  W.  Luther,  chief  surgeon  of  the 
New  Jersey  Zinc  Co.  This  was  followed  by  a  similar  paper  by  Charles 
L.  Close,  secretary  of  the  Welfare  and  Sanitation  Committee  of  the  United 
States  Steel  Corporation,  and  by  an  account  of  the  sanitation  work  done 
in  Cuba  by  the  Spanish-American  Iron  Co.,  which  was  read  by  the 
Chairman,  in  the  absence  of  Charles  F.  Rand.  Following  these  papers 
general  discussion  was  indulged  in. 

The  concluding  meeting  of  the  year  was  held  at  Browne's  Chop 
House  on  May  21.  There  was  held  a  brief  business  session,  at  which  the 
reports  of  officers  were  presented  and  accepted  and  officers  were  elected 
to  serve  for  the  year  1914-15. 

Following  the  business  session  a  beefsteak  supper  was  served  and  at 
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the  close  addresses  were  made  by  Dr.  C.  L.  Kolbeck,  Director  of  Frei- 
berg Bergakftdemie ;  T.  A.  Rickard,  delegate  of  the  Royal  School  of 
Mines  to  the  celebration  of  the  Fiftieth  Anniversary  of  the  Columbia 
School  of  Mines;  B.  B.  Thayer,  John  C.  Montgomery,  J.  F.  Kemp, 
Franklin  Guiterman,  and  C.  F.  Chandler. 


PENNSYLVANIA  ANTHRACITE  SECTION 

At  the  first  regular  meeting  of  the  Pennsylvania  Anthracite  Section 
of  the-  American  Institute  of  Mining  Engineers,  held  Saturday  evening, 
May  9,  1914,  ofUcers  and  members  of  the  Executive  Committee  were 
elected  as  follows: 

R.  V.  NoRRis,  Chainnan 
Vice-Chairmen 
C.  F.  HuBEB,  W.  J.  Richards, 

Edwin  Ludlow,  A,  H.  Storrs, 

Charles  Enzian,  Secretary-TreasUTer,  U,  S.  Bureau  of  Mines,  WUkes- 
Barre,  Pa. 
Douglas  Bunting,  J.  M.  Humphhbt, 

R.  J.  Foster,  A.  B.  Jessup, 

F.  A.  HiLL,  R.  A.  QuiN. 

By-laws  for  the  Section  were  adopted, 

Douglas  Bunting  presented  a  tentative  outline  of  a  paper  to  be  pre- 
pared by  the  Committee  on  Mining  Under  Heavy  Wash,  of  which  he  is 
Chairman.  This  outline  was  discussed  by  members,  William  Griffith, 
Frank  A.  HUl,  I.  A.  Steams,  G.  W.  Engel,  K.  M.  Smith,  H.  W.  Montz, 
H.  H.  Otto,  R.  J.  Foster,  and  A.  H.  Storrs. 

Chables  Enzian,  Secretary. 

BOSTON  LOCAL  SECTION 

Executive  Committee 
Henry  L.  Smyth,  Chairman 
Alfred  C.  Lane,  Vice-Chairman 
Adodstus  H.  Eustis,  Secretary-Treasurer,  131  State  St.,  BostODi'Mass. 
Timothy  W.  Sprague  Hbnhy  A,  Wentwohth 

EighteetUh  Meeting 
The  Eighteenth  meeting  of  the  Boston  Local  Section,  being  the  third 
annual  meeting,  was  held  at  the  Engineers'  Club,  2  Commonwealth 
Avenue,  Boston,  Monday  evening,  March  9.     Eighteen  members  were 
present. 

The  Ch^rman,  Robert  H.  Richards,  called  the  meeting  to  order. 
The  officers  for  the  ensuii^  year  were  elected  as  follows: 
Chairman,  Henrt  L,  Smyth, 
Vice-Chairman,  Alfred  C.  Lane, 
Secretary-Treasurer,  A.  H.  Eustis. 
A.  W.  Stickney  was  then  introduced,  and  delivered  an  address  on 
The  Pyritic  Ore  Deposits  of  Kyshtim,  Russia,  which  waa  discussed  by 
Messrs.  Wensirom  and  Batchelder. 
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Nineteenth  Meeting 

The  Nineteenth  meeting  was  held  at  the  Engineers'  Club,  Monday 
evening,  Apr,  6,     There  were  24  members  present. 

Prof.  Waldemar  Lindgren  gave  an  illustrated  talk  on  his  recent  trip 
to  Cuba.  At  the  close  of  the  lecture,  the  members  present  had  an  op- 
portunity to  examine  the  specimens  which  Professor  Lindgren  had  with 
him. 

Augustus  H.  Eustis,  Secretary. 


CHICAGO  LOCAI,  SECTION 

Executive  Committee 

Robert  W.  Hunt,  Chairman 

J.  A,  Ede,  Vice-Chairmbn 

Henry  W.   Nichols,   Secretary-Treasurer,   Field  Museum   of  Natural 

History,  Chicago,  111. 

F.  K.  CopELANo  G.  N.  Davidson 

A  meeting  of  the  Chicago  Local  Section  was  held  at  the  Sherman 
House  on  Tuesday  evening,  May  12,  1914.  Nineteen  members  and 
guests  were  present.  After  an  address  by  the  Chairman,  papers  were 
read  by  H.  \V.  Nichols,  on  The  Field  Museum  and  Its  Collections,  and 
by  Dr.  F.  W.  DeWolf ,  on  The  Work  of  the  State  on  the  Mineral  Resources 
of  Illinois.  Both  papers  were  thoroughly  discussed  by  the  members 
present. 

H,  W.  Nichols,  Secretary. 


COLORADO  LOCAL  SECTION 

Executive  Committee 

Frank  Bulkley,  Chairman 

S.  A.  lONiDEs,  Vice-Chairman 

C.  LoRiUER  CoLBURN,  Secretary-Trcosurer ,  614  Ideal  Building, 

Denver,  Colo. 

James  A.  McGlave  David  G.  Miller 

A  meeting  of  the  Colorado  Local  Section  of  the  Institute  was  held 
in  the  lecture  room  of  the  Colorado  Scientific  Society,  in  the  Boston  Build- 
ing, Denver,  on  Apr.  23,  1914,  The  chairman,  Mr.  Frank  Bulkley, 
called  the  meeting  to  order.     About  40  members  and  friends  were  present. 

Dr.  R.  B.  Moore,  of  the  U.  S.  Bureau  of  Mines,  delivered  a  very  in- 
structive and  entertaining  lecture  upon  the  subject  of  Badium  and  Radio- 
activity.    He  exhibited  several  radium  compounds  and  showed,  by  the 
use  of  the  lantern,  the  effect  of  the  several  rays  upon  the  electroscope. 
C.  L.  CoLBUBN,  Secretary. 
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INTERNATIONAL  ENGINEERING  CONGRESS,  1915 

Rapid  progress  is  being  made  io  working  out  the  final  program  of 
papers  for  the  International  Engineering  Congress  to  be  held  in  San 
Francisco  in  1915. 

The  first  volume  of  the  publications  of  the  Congress  will  consist  of  a 
series  of  articles  descriptive  of  the  various  technical  features  of  the 
design  and  construction  of  the  Panama  Canal.  The  various  topics  which 
will  be  treated  are  noted  in  the  following  list: 

Introductory  Chapter.  Design  of  Lock  Walls  and  Valves, 

Dry  Excavation.  Design  of  the  Spillways. 

Dred^R.  Gates  of  the  Panama  Canal  Locks. 

Termm^   Works,    Dry    Docks,    and  Electrical  and   Mechanical   Installa- 

Wharves.  tions. 

Permanent  Shops.  Emer^ncy  Dams  above  Looks. 

Coaling  Plants  and  Floating  Cranes.  Municipal  Engineering  and  Domestic 

Meteorology  and  Hydrology.  Water  Supply  in  the  Canal  Zone. 

Design  of  Locka,  Dams,  and  Regulat-  Reconstruction  of  the  Panama  Rail- 

ing Works.  road. 

Method  of  Construction  of  the  Locks,  Aida  to  Navigation  of  the  Canal. 

Dams,    and    Regulating    Works   in   the  Geology  of  the  Canal  Zone. 

Atlantic  Division.  The  Working  Force. 

Method  of  Construction  of  the  Locks,  Sanitation  in  the  Canal  Zone. 

Dams,   and    Regulating   Works    in  the  Purchase  of  SuppLea. 

Pacific  Division, 

Each  of  these  topics  will  be  treated  by  someone  on  the  canal  force  who 
has  been  responsible  for  the  design  and  construction  described.  The 
introductory  chapter  as  well  as  the  topic  of  Dry  Excavation  for  the 
Panama  Canal  will  be  handled  by  Colonel  Goethals  himself. 

The  program  of  papers  for  the  various  sections  of  the  Congress  is 
practically  completed.  Among  the  general  subjects  to  be  treated,  prob- 
ably the  one  having  the  broadest  interest  is  that  of  Materitds  of 
Engineering  Construction,  which  enters  into  all  phases  of  engineering 
activity.     The  list  of  topics  which  will  be  treated  is  as  follows: 

Timber.  The  Life  of  Iton  and  Steel  Structures. 

Preservative  Treatment  of  Timber.  The  Employment  of  Special  Steel  in 

SulMtitutes  for  Timber  in  Engineer-     Engineering  Construction, 
ing  Construction.  The  Place  of  Copper  in  the  Present 

Brick  in  Engineering  Structures.  Engineering  Field,  and  the  Ekionomics  of 

Clay  Products  in  Engineering  Struc-     the  World's  Supply  Thereof, 
tures.  Alloys  and  Their  Use  in  Engineering ' 

Probable   and   Presumptive   Life   of     Construction. 
Concrete  Structures  made  from  Modem  Aluminum  in  Engineering  Construc- 

Cementa.  tion. 

Aggr^ates  tor  Concrete.  The  Influence  of  the  Testing  of  Ma- 

Slag  <^ment.  terials  upon  Advances  in  the  Designing 

Waterproof  Concrete.  of  Engineering  Structures  and  Machines. 

Cements     containing     Additions    of  Cement  Testing. 

Finely  Ground  Foreign  Material.  Testing  of  Metals. 

Economics  of  the  World's  Supply  of  Testing  Pull-Sized  Members. 

Iron,  Proof  Testing  of  Structures. 

The  aggregation  of  pai>ers  which  will  be  presented  will  constitute  a 
broad  review  of  the  field  and  be  of  the  highest  value. 

Full  information  concerning  the  Congress,  the  price  of  subscription, 
and  the  arrangement  for  purchase  of  volumes  of  the  proceedings,  may  be 
obtained  by  addressing  the  Committee  of  Management,  as  follows: 

Internationa!.  Engineering  Congress,  1915,  Foxcroft  Building, 

San  Fnmcisco,  Cal.,  U.  S.  A. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mininq  Engineers 
United  ENaiNESiuNG  Society 

William  B.  Cotter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contwns 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  apend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining-maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  all  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

4  THE  LiBRART  Or  THE 

:no  Societies 

Acetylene  Journal,  1-13,  1899-1912. 

Acetylen  in  Wisseneohaft  und  Industrie,  1-12,  1898-1909. 

Acetylene,  1-5,  1903-1908. 

Aeronautical  Journal,  1-12,  1897-1908. 

Allgemeine  Automobil  Zeitung,  1-9,  1900-1908  (Berlin). 

Allgemeine  Bauzeitung,  1-date,  183S-date, 

American  Lumberman,  1-date,  1899-date. 

Annalen  der  Chemie  (Liebig's),  1-364,  1832-1909. 

Annates  dea  Mines  de  Belgique,  1-8,  1896-1903. 

Annales  des  Fonts  et  Chausai^.  Memoires  et  documents.  Ser.  1-5;  Ser.  6, 
vols.  1-16,  19-end  of  ser.;  Ser.  7;  Ser.  8,  vols.  1-30,  36. 

Lois  decrete,  etc.    Ser.  1-5;  Ser.  6,  vols.  1-8,  10-end  of  ser.;  Ser.  7;  Ser.  8, 

vols.  1-7,  8  pt.  1. 

Personnel.    All  before  1889,  and  any  issued  to  date. 

Annalea  dea  Travaux  Publics  de  Belgique.     1-date,  1843-date. 

Archiv  fOr  Eisenbahnwesen.     1-30,  1878-1907. 

Autogene  Metal IbearbeitunK-     1-date,  lfl08-date. 

Berg  und  HUttenmftnnische  Zeitung.   Vols.  1-21;  44,  no.  36;  49,  bob.  14,  45,  51; 


.coy  Google 


Am£bican  Institute  of  Miniko  Enqineerb 

10,  DM.  8,  47;  51,  no.  19:  52,  nos.  39,  41,  42,  44-62;  54,  noB.  2,  3,  4,  25,  26,  29, 
55,  no.  10. 

Beton  und  Eisen.     1-3,  1902-1903. 

Bnunkohle.     1-7,  1902-1908. 

Brick,  1-42,  1894-1913. 

CemeDt  and  Engineering  Neva.     1-21,  22,  no.  2,  1896-1909,  1910. 

Ceatralblatt  der  Bauverwaltung.     1-33,  1881-1913. 

Chemical  Engineer     1-4,  1904-1906. 

Chemical  Society  of  London.     Journal.     1-26,  1849-1873. 

Chemiker  Zeitung.     1-10,  12,  1877-1886,  1888. 

Chemische  Industrie,     l-dflte,  1878-date. 

Chemisches  Centralblatt.     l-date,  1830-date. 

Ciment  (Paris),     l-date,  1896-date. 

Connecticut  Society  of  Civil  Engineers,     Papers.     1-26,  27,  1894-1909. 

Contractor  {Chicago),     l-date,  1898-date. 

Deutsche  Chemische  GcBellschaft,  Berichte.     1-6,  1868-1873. 

Eisen  Zeitung.     1-24,  1880-1903. 

Eleotricien.    Ser.  1,  vol.  10  to  end  of  series,  1886-1890. 

Elektriache  und  Maschinelle  Betriebe  (Leipzig),     l-date,  1898-date. 

Elektrochemische  Zeitschrift.     1-8,  1894-1901. 

Eiektrophyaikalische  Rundschau.     1-3,  1910-1912. 

Elektrotechniache  Nachrichten.     l-date,  1906-date. 

Feuer  und  Waaser.     l-date,  1894-dBte. 

Fonderie  Modeme.     1-4,  1903-1911. 

Gas  World.     1-58,  1884-1913. 

Gaietta  chimica  Italiana.     l-date,  1871-date, 

Geoeraphical  Journal.     33-dabe,  1908-date. 

Geolc^ical  Magaiine.    4  to  new  ser.  decade  5,  vol.  5,  1867-1908. 

Geologisches  ZentraJblatt.     1-11,  1898-1908. 

Ciesundheita  luKeoieur.     1-31,  1878-1908. 

Gluckauf.     1-31;  36.  no.  27;  38,  nos.  2,  7,  1865-1902. 

Gummi  Zeitung.     1-21,  1888-1906. 

Uaeder'a  Zeitachrift  filr  Maacbinenbau.     1-20,  1893-1912. 

Helios,    l-date,  1895-dste. 

HouUle  Blanche.     1-10,  1902-1911. 

Ingenieur  (The  Hague).     1-24,  1886-1902. 

tnslitul*!  of  Marine  Engineers.     1-20,  1889- 

Institution  of  Engineers  and  Shipbuilders  in  Scotland.     1,  8,  1867,  1866. 

Iran  Age,  1-23,  1855-1878. 

Jem  I^ntorets  Annaler.  2,  4,  13,  16,  17,  19,  20.  New  ser.  1.  pts.  1-2;  3;  5-11; 
12,pt.6-end  of  vol.;  14-15;  28,  pts.  1-3,  6-end  ot  vol.;  29,  pta.  1-2,4-6;  30,pt.  2;31, 
pts,  2-5;  54,  pt.  1;  63,  pts,  3-1,  1818-1908. 

Bihang.    All  before  1828,  1829-1836,  1838-1867,  1869-1899, 

Register.     1817-1890, 

Journal  fUr  Gasbeleuchtung.     1-51,  1858-1908. 

Journal  tHr  Praktische  chemie.     l-date,  1828-date. 

Journal  of  Gas  Lighting,     1-22,  51-52,  56,  57,  62-63,  93,  96,  99-108,  1850-1909. 

KoQinklijk  Inatituut  von  Ingenleurs  (Hague).     Tijdachrift,  1870-1903,  1906. 

Shrine  Engineer  and  Naval  Architect,     1-25,  1879-1903, 

Metallrohren  Industrie,     l-date,  1907-date. 

Mftallurgie  (Paris).     1-32,  37,  40,  1868-1909. 

Mining  and  Scientific  Press.     1-9,  11-19,  24-33,  1860-1876. 

Mining  Journal  (London).     1-47,  59,  1835-1877,  1889, 

Mittheilunges  aus  Justus  Perthes  Geographischer  AnstaJt.     43-datc,  1897-date. 

Motorwagen  (Berhn).     1-13,  1898-1908. 

Municipal  Engineering,     1-21,  24-31,  1890-1901,  1903-1906. 

.Vature  (Paris),    l-date,  1873-date, 

Neueste  Eriindungcn  und  Erfahrungen.     l-date,  1874-date. 

Ocaterreichische  ifeitschrift  ftir  Berg  und  UUttenweaen.     1-26,  1853-1878- 

Orania.     1-7,  1906-1912. 

Petroleum.     1-3,  1905-1907. 

Petroleum  Review,  London.     1-25,  1889-1911. 

Petroleum  World.     1-8,  1903-1910. 

Prometheus.     1-19,  1879-1908, 

Revista  tecnica  delle  Ferrovie  Italiana.     l-date,  1912-date. 

Kenie  de  la  Soudure  Autogtoe.     l-date.     1909-date. 
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Revae  G£n&'ale  dea  Scienceg  Pure  et  Appliqute.     1-10,  1890-1809. 
Schiffbftu.     1-9,  1899-1908. 
Schweiieriache  Bauzeitung.     1-56,  1874-1910. 
Soci^t^  Beige  dea  Electricieaa.     1-3,  5   8-9,  11-20,  1884-1903. 
Soci£t£  InduBtrielLe  de  Mulhouse.     1-71,  182S-1901. 
Soiial  Technik.     1-6,  1902-1907. 
Sprechsaal.     1^1,  1868-1908. 

•ftjkniak  Tidaakritt.     1-25,  1877-1901.     (Kopenhagen.) 
TelefunkenzeituDg.     l-dat«,  1911-date, 
Tonindustrie  Zcitung,     1-31,  1877-1907. 

Verein  but  BefSfdcrunp  des  Gewerbefleigaeo.    VerhandluDgen.     1-88,  1822-1909. 
Water  and  Water  Engineering.     1-date,  1899-dftte. 

Zeitschrift  dea  Verbandes  deutecher  SchifFaingenieure.     1-date,  1911-date. 
Zeitschrift    fUr  Architektur  u.  Ingenieurweaen  (Architekten  u.  log.  Verein  *u 
Hannover).     1-48,  1855-1902. 

ZeitachriftfOr  Bauweaen.     1-date,  1851-date. 

Zeitachritt  fUr  Beleuchtungawesen.     1-7,  1895-1901. 

Zeilachrift  fUr  Dampfkeasel  und  Maschinenbetrieb.     1-36,  1878-1913, 

Zeitachritt  fUr  Elektrotechnik  und  Maachinenbau.     1-5,  1898-1902. 

Zeitachritt  fdr  Heizung,  Ltlftung  und  Beleuehtung.     1-12,  1896-1908. 

Zeitachritt  fftr  Kleinbahnen.     1,  3-8,  1894,  1896-1901. 

Zeitschrift  fUr  komprimierte  und  flOaeige  Gase.     1-date,  1897-dat«. 

Zeitachritt  tOr  pbyaikaliache  Chemie.     1-date,  1887-date. 

Zeitschritt  fUr  Sauer  und  StickstofiinduBtrie.     1-date,  igOS-date. 

Zeitachritt  fllr  Transportwesen.     1-28,  1884-1907. 

Zeitachritt  tftr  d.  Gesamtc  Kalteinduatrie.    1-15,  1894-1908. 

Zeitschrift  filr  daa  gea.  Schiess  u.  SprengatoSweeen.     l-dAt«,  1906-date. 

Zeitachritt  IQr  d.  Geaamte  Turbinenwesen.     1-3,  1901-1906. 

Zement  und  Beton.     1-date,  1902~dat«. 

Library  Accessions 

New  Books  on  Mining,  Metallurgy,  and  Chemistiy 

QuELQUEs  NoTBB  8CR  LE8  FAcTEma  A  ENviaAOBR  DAN8  l'Etudk  d'cn  oisememt 

METALLIPKEK.     By  J.  Maurice.     N.  p.,  1914.     (Gift  of  Author.) 
How  TO  BniLD  HP  Furnace  Efficiency.    By  Joseph  W.  Hays.    Ed.  7,  1914. 
Die  quantitativen  Untbrsuchunosmbthoden  deb  MoLYBOANa,  VanadhijiIS  t■^D 

Wolframs.     By  Hana  Mennicke.     Berlin,  1913. 
Die    WiBTBCHAFTLiCHKEiT    DE3    Maschinenbetriebes    III    Berobait.     By    Karl 

Schultze.     (Sammlung  Betf  und  HUttenm&nniacher  Abbandlungen,  pt.  143.  < 

Kattowitz,  1914. 
Die  Bededtung  der  axANniNAViscHEN  Eibenerivorkouuen  fcr  die  detttsche 

Eiseninsubtrie,     (Sammlung    Berg    und    Hdttenm&nniacher    Abhandlungen. 

pt.  141.)     Kattowitz,  1914. 
Wallaroo  and  Moonta  Mines.    Their  history,  Datm«  and  methods  together  with 

an  account  ot  the  concentrating  and  amelting  operations.    Adelaide,   1014. 

(Gift  ot  Wallaroo  &  Moonta  Mining  &  SmeltingCo.) 
Lbhrbuch  deh  Berqbackcnde.    Ed.  3,  vol.  1,    By  F.  Heise  and  F,  Herbst.    Berlin, 

1914. 
First-aid  Instrtjctionb  for  Miners.     Miners'  Circular  No.  8,  U.  S.  Bureau  of 

Mines.     Washington,  1914. 

New  Books  on  Geol<^  and  Mineral  Production 
Kristallberechncno  vhd  Kribtallzeichnuno.     By  B.  Goaaner.    Letpiig,  1914. 
Manital  of  Pbtrographic  Methods.     By  Albert  Johannaen.     New  York,  1914. 
Iron,  Steel,  Coal  and  Metal  Statistics,  1913.    London,  1914.     (Gift  ot  Iron  and 

Coal  Trades  Review.) 
Mineral  Resources  of  Okboon.    Vol.  1,  No,  1,  Jan.,  1914.     Portland,  1914. 
MrsORE  Geolooical  Department.    Report  of  the  Chief  Inspector  of  Minea,  1912-13. 

Bangalore,  1914. 
Die  Eisenerzlager  von  Kirchenthumbacb  IN  der  Oberpfale.     (Sammlung  BcrR 

und  HUttenm&nnischer  Abhandlungea,  pt.  140.)     Kattowitz,  1914. 
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New  Books  on  Non-Metallic  Minerals 
CflEiii8CH£  UHSET2DNaEN  wAHKEND  DEH  Biu>UNO  DER  Steineohle.     (Sammlung 

Berg  und  HQttemn&nniacher  Abhandlungen,  pi.  139.)     KsUowits,  1914. 
PwcnCAL  Stone  Qdabbtino.     By  Allan  GreenweJl  and  J.  V.  Eladen.     New  York, 

1913. 
Pbeuhinabt  Report  on  the  TJtilibation  of  Petroledm  and  Natural  Gab  in 

Wtomino.  Technical  Paper  No.  57,  U.  S.  Bureau  ot  Mines.  Washington,  1913. 
Coal  Mining  Practice  in  Dibtrktt  VIII  (Danville,  HI).     By  S.  O.  Androa.     Bui!. 

Xo.  2,  Illinois  Coal  Mining  InvestigatioDS.    Urbana,  1914,     (Gift  of  Author.) 
Diamond  Fields  of  Soctheen  Africa.     By  P.  A.  Wagner.    Johanneaburg,  1914. 

(Gift  of  Author.) 

iS'oTE.— This  ia  an  enlarged- edition  of  a  worli  in  German  by  the  author,  published 
in  1909;  the  author  states  in  hispreface  that  in  the  present  edition  he  has  "resolved  that 
it  should  contain  all  that  is  worth  knowing  of  an  induatry,  amall  in  its  beginnings 
which  SB  a  result  of  the  enormoua  increase  in  the  world's  wealth  during  the  two  past 
decades  has  assumed  astonishing  proportions."  This  is  an  ambitious  project,  but 
the  author  has  at  least  aucceedm  m  furniahinR  an  amazing  amount  of  mfonnation. 
'  '    Lg  biblii^^phy  and  numerous  footnotes  indicate  an  exhaustive  aearch  through  the 


literature.  There  is  a  general  map  of  the  region  and  numerous  diagrama  and  photo- 
~aphg  illuatrate  the  text.  The  treatment  of  the  subject  ia  less  popular  than  i' 
'iJliBms'  "Diamond  Mines  of  South  Africa"  and  the  two  taken  together 


New  Books  on  General  Subjects 

Guide  to  the  Current  PERtODiCALS  and  Serials  op  the  United  States  and 

Canada,  Ed,  3,  1914.  By  H.  0.  Severance.  Ann  Arbor,  1914. 
Mi!nsG  WoHLD  Index  op  Current  Literature,  Vol,  IV,  J913,  By  George  E, 
Sisley.  Chicago,  Milling  World  Company,  1914.  Price  82.  (Gift  of  Publishera.) 
[\"oTE.^In  this  volume  of  about  200  pages  are  clasaified  all  articlea  appearing  in 
periodicais,  society  publications,  and  nublioations  of  national  and  State  governments, 
OB  mining,  metallurgy,  and  related  subjects,  A  mining  engineer  or  metallurgist  who 
irtshea  to  teep  track  of  the  literature  oi  these  subjects  will  find  it  a  time-saving  tool. 
The  publishers  keep  on  file  copies  of  all  articles  indexed,  which  they  forward  for  a  smalt 
psi-ment.  Thus,  no  matter  how  isolated  an  engineer  may  be,  he  can,  with  the  help 
of  (his  index,  procure  a  series  of  articles  on  any  subject,  at  small  cost. — W.P.C.] 


Company  Reports 

A  HiLi£  Mining  Co.    4th  Annual  Report,  1913. 
Roo  &  MooNTA  Mining  &  Smelting  Co.,  Ltd.     24th  Annual  Report,  1913. 

Adelaide,  1913.     (Gift  of  Wallaroo  &  Moonta  Mining  &  Smelting  Co.) 
Buffalo  Mines,  Dtd.     7tb  Annual  Report,  1913. 
Conboudated  Mining  &  Smelting  Co.  op  Canada.     Report  of  the  Directors,  for 

15  months  ending  Sept.  30,  1913. 
Gedcld  Proprietary  Mines,  I/td.     Directors'  Report  for  the  Quarter  ended  Sept. 

30,  1913. 
Coldheld  Consolidated  Mineb  Co.    7th  Annual  Report,  1913. 
Pobtlaxd  Gold  Minino  Co.    20tb  Annual  Report,  1914. 
RacHESTEB  Weaver  Minino  Co.     Annual  Report,  1913, 
Van  Ryn  Gold  Mines  Estate,  I/td.     Directors'  Report,  1913. 

Trade  Catalogues 

Hauu^Stevens    Co.,    Pittsburg,    Pa.    Stevens    centrifugal    mine    fan.    Modern 

mine  care. 
Sew  Yore  Aie  Brake  Co.,  New  York,  N.  Y.    Catalogue — AJr-brake  apparatus. 

Sent,,  1913. 
teASP-BusHSB  Tool  Co,,  Houston,  Texas,     S-H  rotary  rock  drill  bit.    61  pp. 
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MEMBERSHIP 

New  Membebb 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Apr.  10  to  May  10,  1914: 


AoAUS,  Leland  D.,  Mine  Mgr.,  Supt.,  East  Canada  Smelting  Co., 

Weedon,  Quebec,  Canadi. 
Aauii^RA,  Edqenio,  Chief  Engr.  Miniog  &  Foresting  Dept.  of  Santiago, 

Santiago  de  Cuba,  Cuba. 
Alfobd,  Newell  Gildeb,  Min.  Engr.,  Asst.  Chief  Engr,, 

St.  Beraaxd  Mining  Co.,  Earlington,  Ky. 
Ali^N,  Gbbbter  Arthur,  Asst.  Supt.,  Standard  Cons.  Mining  Co.,  .  .  .  .Bodie,  Cal. 

Andehbom,  Paul  Samdeu  Met 2235  Auburn  Ave.,  Baker,  Ore. 

Baer,  Georoe  Charles,  Min.  Engr.,  Care  Socorro  M.  &  M.  Co.,  Mogollon,  N.  M. 

Barling,  H.  B.,  Min.  Engr 2  Marble  HUl  Ave.,  New  York,  N.  Y. 

Barb,  Jaueb  Allen,  Min.  Engr.,  Atlantic  Phosphate  A  Oil  Corpn., 

Mt.  Pleaaaat,  Tenn. 

Batten,  H.  L Asst.  Min.  Engr^  Cons.  M.  &  S.  Co.,  Kossland,  B.  C,  Canada. 

Bbll,  Donald  Alexandbb  Suith,  Met.,  Concentrator  No.  6, 

Ariz.  Copper  Co.,  Bojc  38,  Morenci,  Ari*. 

Bioelow,  Beaxton,  Engr.,  Morococha  Mining  Co Morococha,  Peru,  8.  A. 

Boise,  Charles  Watson,  Min.  Engr.,  Care  Forminiere,  8  Montagne  du  Pare. 

firusaels,  Belgium. 

Booth,  Everett  L.,  Min.  Engr.,  Swastika  Dev.  Co Mayer,  Aril. 

Bryant,  Ai^ert  Dalt,  Asat.  Chief  Oxide  Dept.,  East  Plant, 

New  Jersey  Zinc  Co.,  Horse  Head  Inn,  Palmerton,  Pa. 

B u KB niDOB,  Thomas  Babnes,  Mine  Owner  and  Operator Cripple  CtmIe    Colo. 

Cochran,  William  A.,   Min.  Engr Lee  Building,   Pottaville,  Pa. 

CouNSELUAN,  THEODORE  B.,  Efficiency  Engr.,  Arizona  Copper  Co.,  Ltd., 

Morenci,  Ari*. 

DoERR,  KuNO Genl.  Mgr^  E!  Paao  Smelting  Works,  El  Paao,  TexaB. 

Do  MoCLiN,  Walter  Loms,  Civil  Engr.,  Supt.,  Morenci  Water  Co.,  Morenci,  Arii. 

Eabteb,  Henry  Frederic,  Asst.  Supt.,  El  Paso  Smelter El  Paso,  Texas. 

Ericbon,  Rudolph,  Mine  Supt Iron  River,  Mich. 

EJvanb,  James  Porter,  Vice-Pres.  and  Gen.  Mgr.,  Colorado  Iron  Works  Co., 

P.  O.  Box  1713,  Denver,  Colo. 
Fahrinoer,  Walter,  Div.  Supt^  Lehigh  &  Wilkes-Barre  Coal  Co . . .  Audenried,  Pa. 
Ferguson,  Charles  Vaughan,  Research  Chem,,  Research  Laboratory, 

Gen'L  Electric  Co.,  Schenectady,  N.  Y. 
Feucherb,  Leon,  Geol.,  Copper  Queens  Cons.  Min.  Co..  .P.O.  Box  1086,  Bisl>ee,  Arii. 
FoERSTERLlNG,  Hanb,  Chem.,  Roessler  &  Hasslacher  Chemical  Co., 

380  High  St.,  Perth  Amboy,  N.  J. 
Freeman,  Richard  Rich,  Jr.,  Min.  Geol.,  Cleveland-ChSs  Iron  Co..  Box  55, 

Istipeming,  Mich. 
Friblinohaus,  Gborob,  Min.  Engr.,  Director  of  Krupp  Works,  Essen  Ruhr,  Gwmany. 
Gaenslen,  Georqe  R.,  Min.  Engr.,  Asat  Chem.,  Chrno  Copper  Co.,  Hurley,  N.  M. 
George,  Percy  William,  Min.  Engr.,  Blubber  Bay,  Van  Anda, 

Texada  Island,  B.C.,  Canada. 

Glass,    Frank    A.,    Min.    Engr Brainerd,    Minn. 

Glendinninq,  Robert  James,  Mgr.,  R,  J.  Glendinning  &  Co.,  619  Firat  Avenue, 

Salt  Lake  City^  Utah. 

GoBMAN,  Thouas  C Surveyor,  Dome  Mine,  South  Porcupine,  Ont.,  Canada. 

Green,  Ralph  B Asst.  Supt.,  Hayden  Plant,  A.  S.  &  R.  Co^  Hayden,  Arii. 

Harding,  George Mgr.,  Paulsen  Bldg.,  1105  Paulsen  Bldg.,  Spokane,  Waah. 

Harter,  Isaac,  Jr Supt.,  Babcock  &  Wilcox  Co.,  Bayonne,  N .  J. 

Hatchett,  Samuel  P.,  Assayer Socorro  Min.  &  Mill.  Co.,  Mogollon,  N.  M. 
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Heooie,  Jaueb,  Supt Hayden  Plant,  A.  S.  &  R.  Co.,  Hayden,  Aric. 

Hgndebson,  Joseph  W.,  Vice-Prea.,  Gulick- Henderson  Co.,  525-529  Third  Ave., 

Pittaburg,  P». 
Ubwitf,  George  WAi;rEn,  Supt.  Blast  Furnace,  1107  GhapUne  St.,  Wheeling,  W.  Va. 
HmBBRT,  Artbur,  Min,  Engr.,  Care  Ptarmigan  Mines,  Ltd.,  109  Belmont  House, 

Vict.,    B.   C,   Canada. 

Hocking,  RichabdO.,  Asst.  Supt Keewatin  Mining  Co.,  Keewatb,  Minn. 

Hook,  Jdsbpb  Stanley,  Instructor  of  Economic  Geology,  804  K.  Seneca  St., 

Ithaca,  N.  Y. 

HuRD,  Ralph,  Cons.  Engr Swastilca,  Ont.,  Canada. 

iNOBRSOLL,,  JouTTB  CcRTis,  Min.  Eii^f Ouray,  Colo. 

jAcaeauir  Rodrigoez,  Isidro  G.,  Pnncipal  Asat.  Engr^ 

Spanish-American  Iron  Cix,  Santiago,  Orient*,  Cuba. 
Jenkins,  William  J,,  Vice-Pres.  and  Gen.  Mgr.,  Cons.  Coal  Co.  of  St.  Louis  and 

Western  Coal  Mining  Co.,  1155  Railway  Exchange  Bldg.,  St.  Louis,  Mo. 
JoBNBTON,  jBsas  K.,  Vice-PreH.  and  Gen.  Mgr.,  Pitcairn  Coal  Co.,  East  Haven,  Conn, 
Jones,  Ai.exander  B.,  Min.  Engr.,  Mgr.,  Pozo  Gilpin  Co.,  Box  68, 

Idaho  Springs,  Colo. 

Jones,  Carlton  HilIj  Salesman University  Club,  Salt  Lake  City,   Utah. 

Katblbv,  Raymond,  Min,  Engr. . Bel Cobe Camp,  P.O.  Naroguta,  N.  Nigeria,  Africa. 
Kelly,  James  ABxatm,  Chief  Engr.,  Pocahontas  Coal  4  Coke  Co., 

740  Henry  Bldg.,  Seattle,  Wash. 
KicHUKE,  Frank  O.,  Chief  Chem^  Bethlehem  Steel  Co.,  35  First  Ave.,  Bethlehem,  Pa. 

Knapp,  Abthur,  Petroleum  and  Gas  Engr 116  Ardmore  Ave.,  Ardmore,  Pa. 

Laho,  Henry,  Mtr 99  South  FuUerton  Ave,,  Montclair,  N.  J. 

Latoie,  Germain  Aubodat,  Min.  Engr.,  Canadian  Coal  &  Coke  Co.,  Frank, 

Albert^  Canada. 
LicHTENBERO,  Ernst,  Cona.  Min.  Engr.,  3  Great  Winchester  St.,  London,  E.  C, 

England. 

LtnvALL,  Ed.  Robert,  Met 159  Pierpont  Ave.,  Salt  Lake  City,  Utah. 

LrrBSMORE,  Rorert,  Min.  Enf^ Mgr.,  Kerr  I^ke  Mine,  Cobalt,  Ont.,  Canada. 

LuxDY,  Wilson  Thomas,  Mining,  Asst.  Supt.,  McDonald  Mine, 

East  Canada  Smelt.  Co.,  Ltd.,  Wcedoo,  Quebec,  Canada. 

McMillen.RdssellH.,  Lands.  Met IM Second  St.,  Aspinwall,  Pa. 

Magnus,  Benjamin,  Gen.  Mgr.,  Mount  Morgan  Mine,  Mount  Morgan, 

Queensland,  Australia. 

Manning,  Van.  H,  Asst.  Dir Bureau  of  Mines,  Washington,  D.  C. 

Mathesiub,  Walter,  Geh.  Regisrungsrat.  Prof.  EisenhQttenkunde, 

Teen.  Hochschule,  Charlottenburg,  Germany. 
Maiany,  Mark  Stephen,  Smelter  Foreman,  A.  S.  &  R.  Co.,  Hayden  Plant, 

Hay  den,  Aris. 
Meyer,  Albert  Richard,  Electrician,  Boumewood,  South  Street, 

Chestnut  Hill,  Mass. 

Miller,  Hugo  W.,  Assaying,  Engineering  and  Ore  Buying Nogales,  Aril. 

MtLLWARD,  William,  ChiM  Engr Blair  Engineering  Co.,  Chicago,  111. 

MociNB,  John,  Mgr National  Copper  Mining  Co.,  Mullan,  Idaho. 

MoELLBB,  Franklin,  Mech.  Enn- 42  Chapman  Ave.,  E.  Cleveland,  Ohio. 

MoENKE,  William  Frederick,  Min.  Engr.,  Colorado  Fuel  &  Iron  Co., 

Sunrise,  Wyo. 

Moore,  Buss,  Min.  Engr., Chino  Copper  Co.,  P.  O.  Box  26,  Hurley,  N.  M. 

MrssioBROD,  LoDwio  L.,  Mech.  Engr Garnet,  Mont. 

Nealc,  Lawrence  Irvino,  Gypsum  Mining  and  Manufacture,  17  State  St., 

New  York,  N.  Y. 
Xewton,  Francis  Clement,  Supt.,  American  Smelting  &  Refining  Co., 

Perth  Amboy,  N.  J, 
N'fflECKER,  Karl.  Steam  Engr. . . .  Youngstown  Sheet  &  Tube  Co.,  Younnstown,  Ohio. 
Page,  Edward,  Vice-Pres.,  Federal  Coal  &  Coke  Co.,  Ill  Devonshire  St., 

Boston,  Mass. 

Pabker,  Spencer  M.,  Met Mina  Babilonia,  La  Libcrtad,  Nicaragua,  C.  A. 

PsBTYMAS,  Frank  Remington,  Min.  Geol., 

Care  F.  Remington,  135  East  66th  St.,  New  York,  N.  Y. 
Oi«EN,  Charles  Oscar,  Timberman,  Surveyor's  Helper,  Federal  M.  &  3.  Co., 

Wardner,  Ida. 

Rbid,  Walter  L.,  Mill  Supt Box  471,  Telluride,  Colo. 

RiCB,  LcTBER  Vinton,  Civ.  and  Min.  Engr.,  2200  Insurance  Exchange  Bldg., 

Chicago,  111. 
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Mining  Co., 

KeasinRton,  Akekt.. 

Rose,  Charles  C.,  Supt.  Coal  Dept.,  Delaware  &  Hudson  Co.,  601  WeDat«r  Ave., 

Scran  ton.  Fa. 

RosBBERo,  WiLLiAu  NiCBOi-AS,  Met.  and  Min.  Engr Box  87,  Butte,  Monl. 

RoYCB,   Ward,    Min.    Engr.,  Shannon   Copper   Co GleeaoD,   Aril, 

ScHAGFBR,  Frederick  Rullhan,  District  Sales  Mgr., 

Taylor-Whftrton  Iron  &  Steel  Co.,  30  Church  St.,  New  York,  N.  Y. 

Shearman,  Wiluau  Huaa,  Engr 540  Park  Ave^  New  York,  N'.Y. 

SmBALD,  Alexander,  Min.  Engr Arizona  Copper  Co.,  MeteaJf,  Arii. 

Speak,  Savannah  Johnson,  Cons.  Engr.,  3  London  Wall  Bldgs.,  London,  E.  C., 

En^nd. 

Tarantodb,  Richard,  Min.  Engr Box  343,  R&y,  Arii. 

Teal,  George  W.,  Min.  Engr.,  Mgr.,  Mines  Frimos  Mining  &  Milling  Co., 

Boulder,  Colo. 
Vadner,  Charles  Sauuel,  Research  Chem.  and  Met.,  2505  South  0th  East., 

Salt  Lake  City,  Utah. 
Waddell,  Gboroe  Fulton,  Genl.  Mgr.,  Ohio  Copper  Mining  Co., 

P.  0.  Box  1167,  Salt  Lake  City,  Uuh. 
West,  Wiluau  C,  Min.  and  Met.  Engr.,  Mgr.,  Peterson  Lake  Mining  Co., 

Cobalt,  Ont.,  Canada. 
Wetherbee,  Herbert  E.,  Min.  Engr.,  Crowell  &  Murray, 

407  Perry-Payne  Bldg.,  Qeveland,  Ohio. 

Wilcox,  Gordon  Howard,  Min.  Engr Kyle,  McDowell  Co.,  W.  Va. 

Williams,  Pehct  Thomas,  Min.  Engr.,  Pacific  Northwest  Coal  Co., 

1318  Alaska  Bldg.,  Seattle,  Wash. 

WiBBR,  Oba,  Met.  Engr Hayden  Plant,  Hay  Cons.  Copper  Co.,  Hayden,  Arix. 

Wolf,  William  Ai^ert,  Foreman  Cyanide  Plant Inatruct«d  to  hold  all  mail. 

WoLViN.  Augustus  B.,  Pres Butte-Duluth  Mining  Co.,  Butte,  Moni. 

Wood,  Alexander  Hamilton,  Coal  Operator  and  Cons.  Min,  Engr., 

Petros,  Morgan  Co.,  Tcon. 

Woodruff,  E,  G.,  Geol Producers  Oil  Co.,  Houston,  Texas. 

Yat«bvitch,  Michael  G.,  Engr.  of  Technology,  57  Reservoir  St.,  Cambridge,  Mass. 

Asaoeiate  Members 

Clarke,  Talcott  Hunt,  Asst.  Purchasing  Agent,  Republic  Rubber  Co., 

Youngstown,  Ohio. 

Shaffer,  William  B 164Pitt8t.,  ^dney,  N!  S.  W.,  Aust. 

TiNSLBT,  Richard  Paeran,  Treaa Standard  Oil  Co.,  26  Broadway,  New  York. 

Wilson,  Leonard,  Consulting  Engr Wilson  &  Ott,  1001  Keams  Bldg., 

Salt  I^ke  City,  Utah. 

Junior  jtf embers 

Cochran,  Ralf  S,,  Student 30i  Mellcn  St.,  Cambridge,  Mass. 

Farnham,  Lloto  L.,  Student State  School  of  Mines,  Rapid  City,  S.  D. 

Fell,  Harold  Bertels,  Civil  Engr 326  So.  River  St^  Wilkea-Barre,   Pa. 

FiNAGiN,  Joseph  Cooper,  Jr.,  Met Campbell  Hill,    111. 

Ladoo,  Raymond  B.,  Student 14  Thayer  HaU,  Harvard  Univ.,  Cambridge,  Mass. 

PuruB,  Edmund  Tuttle,  Student 310  York  Street,  New  Haven,  Conn, 

Schindler,  Donald  F.,  Student 207  Bernard  Ct.,  Madison,  Wis. 

Van  Dorp,  G.  H.,  Student,  Kappa  Sigma  House,  Colo.  School  of  Mines, 

Golden,  Colo, 
Walters,  Maurice  B.,  Student 711  Yale  Station,  New  Haven,  Conn. 

Candidates  fob  Membership 

The  following  persons  have  been  proposed  during  the  period  Apr.  10 
to  May  10, 1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
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the  Committee  od  Memberahip  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of  such 
communications,  before  any  action  upon  these  names  by  the  Committee. 
After  the  lapse  of  this  period,  the  Committee  will  recommend  action  by 
the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

J.  F.  Agtillar-ReToredi),  Bolivia,  So.  America, 
Proposed  by  Frani  G«nnana,  A.  D.  R.  Galloway,  P.  A.  Setbert. 
Bom  1886,  Lima,  Peru.     1895-02,  College  des  Saores  Coeura,  Lima,  Peni.     1903- 
07,  Eacuela  Eapecial  de  Ingenieros,  Lima.     Degree  of  Agrumensor  Civil  and  Ingeniero 
de  Minae.     1907,  Engaged  in  varioua  capacitiea  at  Caaapaica,  Yauly,  Cerro  de  Pasco, 

Sialifying  for  my  degree.  1008,  2nd  Engineer  on  the  exploration  for  the  Ucayaly 
.  R.,  Government  of  Peru.  1909-10,  District  Engineer  on  survey  and  construction 
of  the  Lima-Huacho  R.  R.  1910-12,  with  the  Ferro-obamba ,  Ltd.,  Peru,  Engineer 
and  Engineer  in  charge.  1912-13,  Mine  Manager  of  the  Empresa  Minera  Uuanuni, 
Simon  I.  Patino,  Bolivia. 

Present  position:  Technical  adviser  to  Simon  I.  Patino  (mining  and  railway 
sections). 

Milton  Artbnr  Allon,  Juneau,  Alaska. 

Proposed  by  Arthur  L.  Pearse,  R.  Rawdon  Johnson,  G.  T.  Jackson. 

Born  1890,  Denver,  Colo.  1897-05,  Grammar  school,  Denver,  Colo.  1905-08, 
Kings  College,  London  Univ  London,  England.  1908-12,  Royal  School  of  Mines, 
London,  England.  1908-12,  Imperial  College  of  Science  and  Technology,  London, 
England.  Degrees,  A.  R.  3.  M.,  D.  I.  C,  B.  S.  1912-13,  Chief  Samper,  Alaska 
Gastineau  Min.  Co.  1912,  miner,  Gsstineau  Minmg  Co.  1913,  Shift  Boss,  Gastineau 
Mining  Co. 

Present  position:  Shift  Boss,  Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska. 

Frederick  C.  Alsdorf,  San  Francisco,  Cal. 

Proposed  by  Abbot  A.  Hanks,  A.  W.  Geiser,  F.  A.  Gowing. 

Born  1871,  Utica,  Ohio.  1892,  OhioState  Univ.,  Columbus,  Ohio;  E.  M.  1892-94, 
Chemist,  Creighton  Gold  Min.  &  Mill.  Co.,  Creighton,  Ga.  1895-96,  Supt.,  Duquesne 
Gold  Min.  &  Mill.  Co.,  Central  City,  Colo.  189fl-98,  Supt,,  Mt.  Wilson  Gold  &  Silver 
Mining  Co.,  Telluride,  Colo.  1898-1900,  Consulting  Enzineering  work.  1900-01, 
Supt.,  Commercial  Min.  Co^  Joplin,  Mo.  1901-03,  ConBulting  Engineering,  1903- 
04,  Supt.,  Stevens  Copper  Co.,  Clifton,  Arii.  1904-06,  Supt.,  Cuprite  Copper  Co., 
Clifton,  Ariz.  1906-08,  Supt.,  Miami  Copper  Co.,  Globe,  Ariz.  1908-13,  Consulting 
Ennneering. 

Present  position :  Mining  Engineer. 


1900,  Central  High  School,  i 
Mo.;  B.  S.  in  1905.     1905-06,  Instrument  man  and  Asst.  Engr.,  U.  S.  Reclamatio 
Service,  Montrose,  Colo.     1906-13,  Draughtsman.  Night  Supt.  smelter,  Asst.  Supt. 
smelt«r  (day),  Cananea  Cons.  Copper  Co.,  Ltd.,  Cananea^  Son.,  Mexico. 
Present  position:  Met.,  C.  &  A,  Smelter,  Douglas,  Am. 

Carl  nathaniel  Anderson,  Portland,  Ore. 

Proposed  by  H.  O.  Hotman,  Robert  H.  Richards,  Carle  R.  Hayward. 
Born  1891,  Red  Wing,  Minn.  1897-1907,  General  education  received  in  the  public 
schools  of  Portland,  Ore.  1908-13,  Oregon  State  Agricultural  College;  B.  8.  1909, 
Summer,  operating  a  placer  mine  in  Union  County.  Ore.  1910,  S\immer,  at  Camp 
Carsen,  Union  County,  Ore.  1911,  Summer,  Coeura'Alfine  district,  especially  at  the 
Morning  mine,  Mullan,  Idaho.  1912,  Summer,  practical  mining.  1S13,  Summer, 
Field,  /^t.,  Oregon  Bureau  of  Mines  and  Geology.  1913-14,  Asst.,  Dept.  of  Mining 
and  Metallurgy,  Massachusetts  Inst,  of  Technology- 
Present  position:  Mining  Engineer  for  C.  A.  Hafner,  Kinsman,  Ohio. 
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Frank  Linden  Antisell,  Perth  Amboy,  N.  J, 

Proposed  by  J.  W.  Allen,  W.  S.  Harper,  B.  B.  Thayer. 

Born  1875,  San  Francisco.  General  collegiate  course  in  mechanical  ensuieemg. 
Associated  with  father  in  metallurgical  work.  Systematically  studied  electricity, 
chemistry,  correspondence  course,  supplemented  with  special  college  course.  1900, 
Draftsman,  American  Smelting  &j  Refining  Co.  1002,  De  Lamar  Copper  Works 
Laboratory.     1904,  Constructing  Engineer,  Raritan  Copper  Works. 

Present  position:  1908  to  date;  ^st.  Supt.,  Raritan  Copper  Works. 

Andrew  Hoir  Balfour,  Republic,  Wash. 

Proposed  by  S.  H.  Richardson,  J.  C.  Haas,  L,  K.  Armstrong, 

Born  1871,  Dunfermline,  Scotland.  1885,  Grad.  high  school.  1887-89,  Edin- 
burgh Univ.,  Chemistry.  1894^  Miner,  Gagnon  mine,  Colo.  Min.  &  Smelt.  Co., 
Butte,  Mont.  1898,  Leonard  mme,  Boston  &  Mont,  Co.  1900,  Foreman,  Kearsari^ 
mine,  Virginia  City,  Mont.  1901,  Foreman,  Toledo  mines,  Bismarck  Nug(fet  Gulch 
Min.  Co.,  Sheridan,  Mont.  1902,  Foreman,  U.  S.  Grant  mine  and  mill,  Vii^nia  City. 
Mont.  1904,  Prospecting.  1903,  Engineering  practice  in  Butte,  Mont.,  Balfour  & 
Holley,  Aaet.  County  Surveyor.  19M,  Shift  boas,  Southern  Cross  cyanide  mill, 
1907,  Prospecting  near  Anaconda,  Mont.  1908,  Mill  Foreman,  cyanide  mill,  Tortman, 
Mont.  1908,  Mine  Foreman,  Alabama  mine,  Tortman,  Mont.  1909-12,  Prospecliog. 
1913,  Shift  boss.  Harper  mill.  Republic. 

Present  position:  Prospecting. 

Charles  Smith  Beck,  Morenci,  Ariz. 

Proposed  by  M.  H.  McLean,  Frank  W.  Mcl.«an,  Frank  D.  liathbun. 
Born    1886,   Lewiston,   Minn.    1907-11,    Engineer   of    Mines,     Minn.   School  of 
Mines.     1911-12,  Millman,  Miami  Copper  Co.     1912-13,  Engr.,  Morenci  Water  Co. 
Present  position:  1913  to  date;  Engineer,  Detroit  Copper  Co.,  Morenci,  Ariji. 

Raymond  A.  Bingham,  Bartlesville,  Okla. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Bom  1888,  Dorchester,  Mass.  189H907,  Grad.  of  Watertown,  Mass.,  publir 
schools.  1907-11,  Missouri  School  of  Mines,  Rolla  Mo.j  B.  S.  1911,  Mill  testioR 
and  timekeeper.  Vinegar  Hill  mine,  Vinegar  Hill  Zinc  Co.,  Galena,  III.  1911-12, 
Timekeeper,  Wilkenson  mine,  Vinegar  Hill  Zmo  Co.,  Benton,  Wis.  1912-14,  Chemisi, 
Lanyon-Starr  Zinc  Co.,  Bartlesville,  Okla. 

Present  position:  Chemist,  Bartlesville  Zinc  Co.,  Bartlesville,  Okla. 


Born  1887,  Underwood,  Minn.  1900-04,  High  school  at  Duluth,  Minn.  1908-12. 
School  of  Mines,  Univ.  of  Minn,;  E,  M.  1904-08,  Mercantile  business  with  Bjorge  & 
SJordal,  Underwood,  Minn.  1912,  Engineer,  Pickands,  Mather  &  Co.,  Gilbert,  hiiim. 
1912-13,  Geologist,  Caribbean  Petroleum.  Co.,  Venezuela,  S.  A.  1913,  Asst.  Chief 
Eudneer,  Pickands,  Mather  &  Co.,  Gilbert,  Minn. 

Present  position:  1913  to  date;  Geologist,  Old  Dominion  Copper  Milting  &  Smell- 
ing Co.,  Globe,  Ariz. 

True  Walter  Blake,  Novinger,  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V,  H.  McNutt. 

Bom  1890,  Chicago,  Rl.  1907,  Grad.  Austin  High  School,  Chicago,  111.  1911. 
Missouri  School  of  Mines,  Rolla,  Mo.;  B.  S.  1911-12/Levelman  and  later  transitman. 
Arizona  Territorial  Survey.  1912,  Classifier  man,  Ray  Cons,  mill,  Hayden,  Arii. 
1912,  City  surveying,  Chicago,  111. 

IVesent  position:  1912  to  date;  Mining  Engineer,  Rombauer  Coal  Co.,  Novinger. 
Mo. 

George  H.  Brown,  McAlester,  Okla. 

Proposed  bv  C.  M.  Voung,  J.  J.  Rutledge,  James  W.  Malcolmson. 

Bora  1889.  Providence,  R.  I.  1894-1902,  Common  school,  near  Pleasanton,  Kan. 
1902-07,  Grad.  Pleasanton  High  School.  1908-12,  Grad.  Univ.  of  Kansas,  Lawrence. 
Kan.;  B.  S.  1910,  Summer,  Engineering  dent..  City  ot  MoAlester,  Olila.  1911, 
General  survey  and  construction  work,  ChinooK  Coal  Co.,  Ltd.,  Lethbridge,  Alberta. 
1911—12,  Instructor  in  Mining  Laboratory,  Univ.  of  Kansas,  Lawrence. 

Present  position:  1912  to  date;  Mining  Engr.,  Osage  Coal  &  Sfining  Co.,  Great 
Westem  Coal  &  Coke  Co,,  Samples  Coal  &  Minmg  Co.,  and  the  Hailey  Ola  Coal  Co  . 
McAlester,  Okia. 
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R.  L  Brown,  San  Jose.  Costa  Rica. 

Proposed  by  Robert  Gordon,  P.  G.  Spilabury,  Robert  S.  Hanckel. 

Bom  1889,  Bucksport,  Me.  1905-09.  East  Maine  Conference  Seminary,  Bucksport, 
Me.  International  Correspondence  Schools,  Sera nt on,  Pa.  Asst,  to  Engiaeer, 
railroad  construction.  1911,  Cukra  Co.,  Toronto,  Ltd.,  Bluefields,  Nic.  1912, 
United  Fruit  Co.,  Blue6eld8,  Nic.  1913,  lUver  Plate  Co.,  San  Jose,  C.  R.  1913-14, 
Surveying,  insjiections,  etc.,  tor  private  companies  in  Costa  Rica. 

Present  position  r  Mine  Surveyor,  Montesuma  Mines  of  Costa  Rica. 

Hurray  Fred  George  Burrows,  Loederville,  W.  Australia. 

Proposed  by  H.  R.  Sleeman,  Thomas  T,  Read.     (One  signature  required.) 

Bom  1SS8,  Bamawartha,  Victoria,  Aust.  1907,  Educated  privately.  1908, 
Matriculated  Adelaide  Univ.,  honors  in  Mathematics  and  Literature.  1907-09, 
Technical  instruction  at  Perth  Technical  ColleRe,  W.  A.  1S09,  Gained  W.  A.  Govern- 
ment Assaver's  Certificate.  Awarded  Gov.  Senior  Scholarship,  W.  A.  School  of 
Mines.  1910,  Grad.,  in  Metallurgy,  W,  A.  School  of  Mines,  Kalgoorlic.  Awarded 
Critchly  Parker  special  prize  in  Metallurgy.  1910,  AssociatedwithG.O.  G.  Larcorabe, 
A.  S.  T.  C,  F.  G.  8.,  in  preparation  of  monograph  "Geology  of  Kalgoorlie."  1911, 
General  laboring  in  mill  at  Golden  Horseshoe  Estates  Co.,  Ltd.  Solutionist  in  same 
mill,,  .\9st.  Chemist  same  company.  1912-13,  Chemist  and  Sun'eyor,  Whim  Well 
copper  mines,  Wliim  Creek.  In  charge  of  experimental  work  at  magnetic  Concen- 
trating plant. 

Present  position;  Chief  Chemist,  Whim  Well  Copper  Mines,  Ltd.,  Whim  Creek, 

Evan  Praser  Campbell,  Tyrone,  N.  M. 

Proposed  by  Walter  Douglas,  Gerald  F.  G.  Sherman,  Alexander  V.  Dye. 

Born  1884,  Newport,  R.  1.  1897-1902,  Bishops  College  School,  Lenaoxville, 
P.  (J.,  Canada.  1902-06,  Harvard  Min.  Dept.,  Lawrence  Scientifio  School;  B.  S. 
19ni)-08,  Sampling,  mapping  and  assaving  at  Pachuca,  Hidalgo,  and  Urupan, 
Michoaean.  1908-10,  Mexico  Mines  of  H  Gro,  Ltd.,  mine  sampler,  shift  boss,  night 
foreman;  transferred  in  1909,  as  foreman  of  Somera  mine,  same  district,  El  Oro  ^^in. 
4  Ry.  Co.  1911-12,  Copper  Queen  Cons.  Min.  Co.,  miner,  timberman,  machine 
man,  asst.  in  engineering  dept.,  mine  sampler;  transferred  in  latter  part  of  1912  to 
present  position. 

Present  position:  Chief  Engineer,  Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Frank  Gamble  Corringtoii,  Anniston,  Ala. 

Proposed  by  Erskine  Ramsay,  J.  W.  Shook,  J.  M.  Garvin. 

Born  1892,  Jasper,  AJa.  1907-09,  Ala.  Presbyterian  College,  Anniston.  1909-10, 
Vanderbilt  Univ.,  Nashville.  1910-11,  A.  P  .  I.  Chemistry  and  Metallurgy,  Auburn, 
.\la.  1912-13,  Chemist,  Union  Foundry  Co.,  Anniston.  1913,  Standard  Foundry 
Co.,  Construction  Engineer. 

Present  position:  Sec'y.  and  Asst.  Mgr,,  Standard  Foundry  Co.,  Anniston,  Ala. 

Edward  Ernest  Carter,  Quartsbury,  Idaho. 

Proposed  by  Etheredge  Walker,  Charles  E.  Locke,  Edward  E.  Bugbee. 

Boro  1879,  "Lowell,  Mass.  Common  schools.  2  yrs.  Lowell  Textile.  1  yr.  Missouri 
School  of  Mines,  1898-01 ,  Apprentice,  Lowell  A  Ariz,  mine,  Bisbee,  Ariz.  1901-02, 
-Mo,  School  of  Mines.  1902-06,  Supt.,  Big  Horn  Mine.  Shoemaker,  Ariz,  1906-07, 
Sampling  mines  for  F.  Hanchett,  Lowell,  Mass,  1907-08,  Sullivan  Mach.  Co. 
19CJ8-09,  Traylor  Engineering  Co. 

Present  position:  1909-14,  Mgr,  Gold  Hizz  Mine,  Quartzbury,  Idaho. 

CUr«iiGe  Hawlejr  Chester,  Stcelton,  Pa, 

Proposed  by  Kdward  N.  Trump,  E.  C.  Witherby,  W.  H,  Blauvelt. 

Bom  1878,  Minneapolis,  Minn.  1895-1900,  XJniv,  of  Penn,;  A.  B,  1899,  By- 
product operation  Semet  Solvay  Co,,  Dunbar,  Pa.  1900-03,  Chemist,  Semet  Solvay 
Co,,  Ensley,  Ala.  1903-05,  Asst,  Supt.,  Semet  Solvay  Co,,  Enslev,  Ala.  1905-12, 
.Wt,  Supt.,  Semet  Solvay  Co.,  Lebanon,  Pa.  1912-13,  Asst.  Supt.,  Semet  Solvay  Co., 
Steellon,  Pa, 

Present  position:  1913  to  date;  Supt.,  Semet  Solvay  Co,,  Stcelton,  Pa. 
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Paul  Ricturdson  Cook,  Buckhorn,  Nev. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1884,  Crawford  Co,,  Iowa.  1901,  Grad.  Holla  High  School,  RoUa,  Mo. 
1907,  Mo.  School  of  Mines:  B.  S.  1903-05,  Carpenter  RoUa,  Mo.  1906,  Construc- 
tion, Camp  Bird  Mill,  Gold  Prince  Mill,  Colo.  1807,  Prospecting,  mining,  Elko  Co.. 
Nev.  1908,  Construction,  Steptoe  Valley  Smelter.  1909-10,  Transitman,  O.  S.  L. 
R.  R.  1911,  Assayer,  rebneryman,  millmsn,  Nevada  Hills  mill,  Fairview,  Nev. 
1912-13,  Asat.  Supt.,  Mexioan  mUl,  Virginia  City,  Nev. 

Present  poaition:  Shift  boss,  Buckhom  Mill  and  Cyanide  Plant,  Buckhom. 
Nevada. 

Guy  Walter  Crane,  Eureka,  Utah. 

Proposed  by  C.  K.  Leith,  Alexander  N.  Winohell,  Charles  R.  Van  Hiae. 

Bom  1876,  Monroe,  Wis.  1896,  Grad.  high  school,  Monroe,  Wis.  1901-06. 
Student,  Univ.  of  Wis,  1912-13,  B.  A.,  Univ.  ol  Wis.  1902-06,  Open  seasoni,  iron 
ore  explorations  in  Canada  tor  C.  R.  Van  Hise,  and  C.  K.  Leith.  1906-07,  Geol, 
Missouri  Gool.  Siurvey.  1907-09,  Geol.,  Federal  Lead  Co.,  Flat  River,  Mo.  1909-12, 
Geol.,  Missouri  Geol.  Survey.  1912-13,  Geological  work  in  Miaaouri  and  Arkansia 
for  J.  R.  Finlay. 

Present  position:  Geologist,  Chief  Cons.  Mining  Co.,  Eureka,  Utah. 

Arthur  Harriaon  Crouk,  Rosiclare,  HI. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Bom  1887,  Omaha,  Neb,  1908-12,  Grad.,  Missouri  School  of  Mines;  B.  S.  1900- 
08,  Engrg.  Dept.,  Union  Pacific  R.  R.  Co.  1908-12,  Student,  Miaaouri  School  o( 
Mines.     1912,  Engrg.  Dept.,  Union  Pacific  R.  R.  Co. 

Present  position :  1912  to  date.  Engineer,  Rosiclare  Lead  and  Ruor  Spar  Mines, 
Rosiclare,  lU. 

Walter  H.  Cunniagham,  Huntington,  W.  Va. 

Proposed  by  James  S.  Cunningham,  Howard  N.  Eavenaon,  E.  W.  Parker. 

Bom  1S82,  Allentown,  Pa.  1898-99,  Kiskimenetas  Springs  School.  1899-1900, 
Lehigh  Univ.,  So.  Bethlehem,  Pa.  I901-O4,  Lehigh  Univ.,  So.  Bethlehem,  Pa.  1898- 
1900,  Summer  work,  Berwind-White  Coal  Minmg  Co.  19O0,  Special  apprendrf. 
P.  R.  R.,  Altoona,  Pa.  1901-04  Summers  Berwind-White  Coal  Mining  Co.  19n.>. 
Engineering  Dept.,  Pocahontas  Cons.  Coal  Co.  1906,  Engrg.  Dept.,  New  River  * 
Pocahontas  Cons.   C.   Co.     1906-07,   Mechanical  Engr.,   Davw  Coal  &   CokeJTo. 

,  .      _  Mgr., 
W.  Va.,  and  Ashland,  Ky. 

Present  poaition:  Consulting  Engr.,  Huntington,  W.  Va.,  and  Ashland,  Ky. 

Secy.-Treas.,  Kentucky  Mine  Owners  Assn.,  Ashland,  Ky. 

George  H.  Dern,  Salt  Lake  City,  Utah. 

Proposed  by  J.  C.  Dick,  R.  C.  Gemmell,  W.  Lee  Heidenreich. 

Bom  1872,  Dodge  Co,,  Neb.  1893-fl4,  Univ.  of  Nebr.  1895-1900,  Treas., 
Mercur  Gold  Mining  &  Milling  Co.  1900-01,  Asst.  Gen.  Mgr.,  Cone.  Mercur  Gold 
Mines  Co,     1901-13,  Gen.  Mgr.,  Cora.  Mercur  Gold  Mines  Co. 

Present  position:  1913  to  date;  General  Mgr.,  Mines  Operating  Co. 

Cecil  Fitch,  Eureka,  Utah. 

Proposed  by  Walter  Fitch,  C.  F,  Moore,  J.  R.  Finlay. 

Born  1885,  Beacon,  Mich.  1907,  Mich.  Collef^  of  Mines;  6.  S.  190S,  Mich, 
College  of  Mmes;  E.  M.  1908-09,  Performed  miscellaneous  dutiee  consisting  of 
machme  mining,  surveying,  assaying,  black-smithing,  hoisting  engineer,  bosaiDg,  etc, 
for  Little  Chief  Mining  Co.,  Eureka,  Utah. 

Present  poaition:  1910-14,  Supt.,  Chief  Cons.  Minmg  Co.,  and  Eureka  City 
Mining  Co.,  Eureka,  Utah. 

Walter  Pitch,  Jr.,  Eureka,  Utah. 

Proposed  by  Walter  Fitch,  C.  F.  Moore,  J.  R.  Finlay. 

Born  18S7,  Beacon,  Mich.  1909,  Michigan  College  of  Mines;  B.  S.,  E.  M.  1909| 
Machine  miner.  Chief  Cons,  mine;  1910,  Machine  mining  and  aurveving.  1911-12; 
"    '  '  .,.,.-  n  .   ^     Afterward  Asustant  Supt. 

3.  Mine,  and  Eureka  City  Min.  Co. 
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Bora  1889,  St.  Joseph,  Mo.  1891-1602,  Common  eohool  trainin<;,  Hall  School, 
St.  Joseph,  Mo.  1902--06,  College  preparatory  course,  high  school,  St.  Joseph,  Mo. 
1937-10,  Mining  Engineering  courae,  School  of  Mines  and  Metallurgy,  Rofla,  Mo 
1910-11,  Elective  course,  Mont.  State  School  of  Mines,  Butte  City  Mont.  1911-12, 
Mining  Engineering  course,  Schoal  of  Mines  and  Metallurgy,  RoUa,  Mo.;  B.  S. 
1906-07,  Clerk,  First  National  Bank  of  St.  Joseph,  Mo.  1910,  Miner,  Leonard  mine, 
Butt«  City,  Mont.,  Boston  &  Mont.  Min.  Co.  1911,  Asst.  Geologist,  Missouri  Bureau 
of  Geology  and  Mines.  1911-12,  Student  Aaat.  in  Physics  to  Prof.  Austin  Lee  McRae, 
RoQa,  Mo.  1912,  Miner,  at  Wilkinson  Mine,  Benton,  Wis.  Employed  by  Vinegar 
Hill  Zinc  Co., 

Present  position :  1912  to  date;  Calumet  &  Hecla  Stamp  Mills,  Lake  Linden,  Mich. 
Asst.  in  experiment^  work,  Hydrometallurgy  of  Copper. 

John  Kavanaugh  Pomun,  Miami,  Arii. 

Propoaed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1884,  Winchester,  Ky.  1903-04,  Northwest  Missouri  College,  Albany,  Mo. 
190.T-06,  Central  College,  Fayette,  Mo.  1907-10,  Missouri  School  of  Mines;  B.  S. 
1910-12,  Lanyon  Starr  Smelting  Co.,  Bftrtlesville,  Okla.  1912,  Ore  Agent  at  Kansas 
Cltv,  Tri  Bullion  Smelt.  4  Dev.  Co.,  Wellington  Mines  Co.,  Butte  &  Superior  Copper 
Co.  1912-13,  Chemist  Butte  ft  Superior  Copper  Co.,  Butte,  Mont.  1913,  Flota- 
tion millman,  Butte  &  Superior  Copper  Co. 

Present  position:  Flotation  miltman.  Inspiration  Cohs.  Copper  Co.,  Miami,  Ariz. 

E,  L.  Fortney,  Cie  Elum,  Wash. 

Proposed  by  John  N.  Pott,  Raymond  P.  Tarr,  Harry  Boyle, 

Bom  1875,  Clarksburg,  W.  Va.  1893,  Hiih  school.  1898,  Normal  school, 
Fairmont,  W.  Va.  Home  study,  and  correspondence  course.  1902-06,  Transitman 
for  Lehigh  Valley  Coal  Co.,  Centralia,  Pa.  1906-08,  Div.  Engr.,  New  River  Collieries 
Co-,  Rush  Run.  W.  Va. 

Present  position:  Resident  Engr.,  Northwestern  Improvement  Co. 

Francis  Tames  Gallagher,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  C.  Edwin  Nigbman,  Charles  P.  Berkey. 

Bom  1S85,  Ireland.  1903-0.^,  Brookline  High  School,  Brookline,  Mass.  1913, 
Columbia  Univ.,  New  York.  1905-06,  Civil  Engr.,  A.  P.  Milne,  Lexington,  Mass. 
1906-08,  C.  E.,  W.  B.  Foster,  Hingham,  Mass.  1908-09,  So.  Pac.  R.  R.  Co.,  San 
Francisco.  Cal.  1909-10,  C.  E.  with  City  Engr.,  Los  Angeles,  Cal.  1910-11,  Chief 
Engr.,  Palo  Verdi  Land  A  Water  Co.,  Blythe,  Cal.  1911-13,  Mining  Engr.,  Ely 
Central  Copper  Co.,  Ely  (Perth),  Nevada. 

Present  position:  Special  student  in  School  of  Mines,  Columbia  Univ.,  N'ew  York. 

Cttariea  Clifton  Griggs,  Eureka,  Utah. 

Proposed  by  J.  C  Dick,  W.  Lee  Heidenreich,  R.  C.  Gemmell. 

Bom  1875,  Nebraska.  1897,  Univ.  of  Nebraska,  Lincoln,  Neb.;  B.  8.  1894-97, 
Surveying,  Burlington  R.  R.,  Lincoln.  1897-1900,  A»ayer  and  Chemist,  Dexter 
Gold  Mining  Co.,  Tusoarora,  Nev.  1900-01,  Electrician  R.  R.  construction,  Kil- 
patrick  Bros.,  Wyoming.  1900-02,  Mill  Supt.,  Wasp  No.  2  Min.  Co.,  Deadwood, 
S.  D. 

Present  position:  1904  to  date;  Supt.,  Uncle  Sam  Cons.  Min.  Co.,  and  May  Day 
.Mining  &  Milling  Co.,  Eureka. 

Heinun  Carl  Base,  Miami,  Aiit. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1881,  Dresden,  Germany.  1887-1890,  Graded  schools,  Kansas  Citv,  Mo. 
1896-1900,  Manual  Training  High  School,  Kansas  City,  Mo.  1903-08,  Mo.  School 
of  Mines,  Rolla^  Mo.;  B.  S.  1906-07,  Engineering  Corps,  Greene  Cananea  Copper  Co., 
Cananea,  Mexico.  1908-10,  Concentrator  and  assay  office,  Detroit  Copper  Mining 
Co.,  Morenci,  Ariz.  1910-11,  Concentrator,  Tomboy  Gold  Mines  Co.,  Telluride, 
Colo.  1911-12,  Concentrator  and  crusher.  Old  Dominion  Copper  Mining  &  Smelting 
Co.,  Globe,  Ariz. 

Present  position:  Inspiration  Cons.  Copper  Mining  Co.,  engineering  and  flotation. 
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Lewis  H.  Hanpt,  Palmerton,  Pa. 

Proposed   by   Harriaon   Souder,   B.   E.   McKcchnie,   Francis   P.   Sinn, 

Bom  1889,  Philadelphia,  Pa.  1895-1902,  Graded  schools  in  Philadelphia.  1902- 
05.  Central  Maaual  Training  School  of  Phila.  190S-09,  Univ.  of  Penn.  in  Mechani- 
cal Engineering;  B.  S.  1905,  Three  months  with  Franklin  &  Clarke,  Phila.,  mil 
engineers.  1906-07,  Three  months  each  summer  with  Cornwall  Ore  Bank  Co., 
Cornwall  Pa.  1908,  Three  months  transitman  tor  Tidewater  Oil  Co.  1909,  Two 
months  Baldwin  Locomotive  Works  in  erecting  shop,  through  Arthur  L.  Church. 
1909-10,  Instructor  in  Mech.  Engrg.,  Univ.  of  Pa.  1910-13,  Engineer  tor  Corowall 
Ore  Bank  Co. 

Present  position:  Employed  in  Service  and  Maintenance  Dept.  of  New  Jeney 
Zinc  Co.  of  Pa. 

John  Ambrose,  Heakett,  Vict.,  Australia. 

Proposed  by  E.  G.  BanltH,  A.  Jarraan,  R.  E.  Williams. 

Bom  1889,  Hawthorn,  Victoria.  1895-1905,  Schools  in  Queensland,  N.  S.  W.,  and 
Victoria.  1905-08,  Under  father's  tuition,  metallur^  of  iron  and  ateel.  191 1,  Course 
on  metallurgy  and  manufacture  of  iron  and  Bt«el  with  International  Correspondence 
Schools.  1913,  Went  through  Dr.  Pritchard's  course  on  iron  and  steel  at  Melhoume 
School  of  Mines.  1905,  Coal  mining,  boring  for  coal  and  coke  making  oatent  process, 
Bluff  colliery,  Queensland.  1907-11,  Installing  and  working  crucible  steel  plsnta 
in  various  portions  of  Queensland.  N.  8,  Wales,  and  Victoria.  1912,  With  Mt. 
Lyclt  Co.,  on  research  work,  also  erecting  for  them  a  crucible  steel  plant.  1912,  Also 
at  Mt.  Bischoff,  on  same  work. 

Present  position:  E^xperimenting  with  iron  sands  of  New  Zealand,  at  Waibi  Co, 
woi^ers. 

Henry  Claude  Heise,  Weedon,  Quebec,  Canada. 

Proposed  by  William  Hague,  A.  D.  Footc,  Arthur  B.  Foote. 

Born  1886,  Gardnerville,  Nev.  1903-07,  High  school;  Reno,  Nevada.  1907-11, 
Univ.  of  Nevada;  B.  S.  1911,  Underground  work,  surveyor's  asst,,  timekeeper,  North 
Star  Mines  Co,,  Grass  Valley.  1912-U,  Specimen  Boas,  North  Star  Mines  Co,, 
Grass  Valley. 

Present  position:  Assayer,  East  Canada  Smelting  Co. 

Ott  Fleming  Heizer,  Idaho  Springs,  Colo. 

Proposed  by  Richard  A.  Parker,  W.  E.  Renshaw,  W.  M,  H.  Woodward. 

Born  1881,  Staunton,  Va.  Public  and  high  schools,  Washington,  D.  C.  1900-04, 
Univ.  of  Nevada,  School  of  Mines,  pursued  special  work  during  last  year  instead  of 
regular  course.  lOO.'t-OO,  U.  S.  Reclamation  Service,  Hazen,  Nev.  1907-08,  Aasayer, 
surveyor,  Nevada  Hills  mine,  Fairview,  Nev,  1909-10,  Sunt.,  Nevada  Hills  mine, 
Fairview,  Nev.  1911-12,  Supt.  Seven  Troughs  Coalition  Min.  Co.,  Seven  Troughs. 
Nev.     1913,  Supt.,  United  Mines  Corp.,  Tuolumne,  Cal. 

Present  position:  Gen.  Mgr,,  Argo  Reduction  &  Ore  Purchasing  Co.,  Idaho 
Springs,  Colo. 

August  F.  HiUoke,  Enaley,  Ala. 

Proposed  by  E.  C,  Witherby,  J,  D.  Pennock,  W,  H.  Blauvelt. 

Bom  1869,  Ft.  Wayne,  Ind.  Common  school  and  practical  experience.  Paat 
fourteen  years  by-product  coke  business.  Prior  to  that  time  gas  buBiness,  Supt,, 
Semet  Solvay  Co.;  Supt,,  Augusta  Gas  Co,,  Augusta,  Ga. 

Present  position:  Dist.  Supt.,  Semet  Solvay  Co. 

Theodore  P.  Holt,  Park  City.  Utah. 

Proposed  by  J.  C.  Dick,  R,  C.  Gemmell,  W.  Lee  Heidenrcich. 

Born  1882,  Talent,  Ore.     1907,  Univ.  of  Ore.;  B.  S.     1908,  Univ.  of  Ore.;  E.  M. 

1909,  Univ.  of  Utah- M.S.     1909,  Metallurgistfor  the  Cons,  Mercur  Gold  Mines  Co, 

1910,  Utah  Leasing  Co.     1910-12,  Instructor  in  milling  at  Utah  State  School  of  Miow. 
I^esent  position:  Supt.  of  Mines,  operating  company. 

Louis  Orriu  Howard,  Salt  Lake  City,  Utah. 

Proposed  by  J.  C,  Dick,  Ernest  Gayford,  E.  R,  Lidvall, 

Born  1884,  Thompson's,  Conn.  1903-06,  Harvard  College.  1906-07,  Lawreni* 
Scientific  School.  1907,  A.  B^  Harvard  College.  1907-09,  Grad,,  School  of  AppUed 
Science  of  Harvard  Univ.;  M.  E.  1907-09,  Austin  Teaching  Fellow,  Mining  and 
Metallurgy,  Harvard  Univ.  1909-11,  Instructor  in  Metallography  and  Ore  Treat- 
ment, Case  School  of  Applied  Science,  Cleveland,  Ohio,  1912  (six  months),  Supt,, 
Camp  Vanura,  Green  River,  Utah,  for  Angus  Cameron,  Gwynedd,  Pa.,  agent  for 
Philadelphia  sj^ndicate,  now  Radium  Company  of  America. 

Present  position:  1912  to  date,  Associate  Editor,  Salt  Lake  Mining  Rtvitio. 
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Dibrell  Pryor  Hynes,  Chicojfo,  Bl. 

Proposed  by  H.  L.  Hollis,  W.  H.  Emmons,  G.  H.  Coi. 

Bom  1884,  Arkansas.  1902,  Ft.  Smith,  Ark.,  High  School.  1905-08,  Missouri 
Schoolof  Mines;  B.S.  1910-U,  Univ,  otChicago.  1908,  Enp-.,  with L.S.  Griswold. 
1908-09,  Instructor  in  Chemistry,  Missouri  School  of  Mines.  1909-10,  Engineer, 
Socorro  Mines  Co.,  Mogollon,  N.  M.  1910,  E.'cperimental  Engr.  with  C.  C.  C.  Co., 
Cananea,  Mexico.     1910,  Junior  Geologist,  U.  S.  Geological  Survey. 

Present  position:  Asst.  to  H.  L.  Hollis. 

John  Frederick  Johnson,  Eureka,  Utah. 

Proposed  by  Walter  Fitch,  Lewis  A.  JelTa,  J.  H.  Finlay. 

Born  1887,  Quincy,  Mass.  1900-04,  Adams  Academy.  1904-07,  Harvard  Univ. 
1907—10,  Machine  mining,  timbering,  sampling,  surveying  and  mapping.  Centennial- 
Eureka  mine. 

Present  position:  Shift  boss.  Chief  Cons,  mine,  Eureka,  Utah. 

George  Klngdon,  Cananea,  Mexico. 

Proposed  by  James  Douglas,  T.  F.  Cole,  J.  S.  Douglas. 

Bom  1863,  Oornwall,  England.  Practical  experience.  1870,  Miner  Dolcoath 
Mine,  1878,  Calumet  &  Hecla,  Butte,  Mont.  1881,  Tombstone,  Globe, 'Ariz. 
Bisbee,  Silver  City,  N.  M.  1904,  Nacozari,  Sonora,  Mine  Foreman.  1907,  O.  D., 
Globe,  Mine  Foreman. 

Present  position:  Genl.  Supt.,  Cananea  Cona.  Copper  Co.,  Cananea,  Sonora, 
Mexico. 

Frank  Eugene  Lathe,  Grand  Forks,  B.  C,  Canada. 

Proposed  by  E.  J.  Carlyle,  F.  F.  Frick,  Louia  V.  Bender. 

Born  1883,  Lacolle,  Quebec.  1904,  McGill  Univ.,  Chemistry  course;  B.  A.  1907, 
McGitl  Univ.,  Metallurgy  course;  B.  8.  1908-14,  Laboratory,  Granby  Cons.  Min., 
Smelt.  &  Power  Co.,  Grand  Forks,  B.  C,  working  in  all  dcpta. 

Present  position:  Chief  Assayer,  Granby  Cons.  Min.,  Smelt.  &  Power  Co. 

Jnles  A.  Lefebvre,  Bruxelles,  Belgium. 

Proposed  by  A.  DeDeken,  Axel  Sahlin.     (One  more  signature  required.) 

Bom  1874,  Verviere,  Belgium.  1891,  College,  certificate,  1898,  Certificate  of 
Mining  Engineer,  University  de  lifne,  Belgium.  1898-1900,  Engineer,  Mines  d'or 
du  Katchkar,  Siberia.  1900-06,  Chief  Engineer,  SociiJl*  RuBSe  de  fabrication  de 
tubes.  Ekaterinoslow.  Russia.  1906-07,  Elected  to  prospect  Madagascar.  1907-10, 
Prospecting  Spain,  Portugal,  Russia,  Hungary,  Belgian  Congo,  etc.,  for  various 
groups.     1910-13,  Gen.  Mgr.,  MiniSre  Congolaise  (Bangue  Nagclmackers),  Brussels. 

ftesent  position ;  Managing  director,  MiniSre  Congolaise;  director  of  j-e,  Produc- 
tora  Goto  San  Antonio,  Spain;  director  of  La  SociiSW  Mini^re  et  Industrielle  du 
Tamega,  Portugil;  director  of  Mines  d'Etain  d'Avelleda,  Portugal.  Member  of 
La  Soci^t^  Gtologique  de  Belgique;  member  of  L'association  des  Inginieurs  de  Li^ge. 

William  Bufus  Lindsay,  Treadwcll,  .Alaska. 

Proposed  by  E.  P.  Kennedy,  R.  G.  Waylanc 

Bora  1885,  Farmingdale,  8.  D.     1905,  Chain r. ^ _ 

Ry.  1906,  Transitman,  location  Alaska  Pac.  Ry.  and  Copper  River  &  N.  W.  Ry., 
Katalk,  Alaska.  1907,  Placer  mining,  Nizina,  Alaska.  1908,  Mach.  helper  and  ma- 
chine man,  A.  T.  G.  M.  Co.,  TreadwcTl,  Alaska.  1909,  Univ.  of  Washington,  Seattle, 
Wash.;  B.  S.  1909-10,  Mills  and  assay  office,  Treadwell,  Alaska.  1910-12,  Surveyor 
and  engineer,  Treadwell,  Alaska,  1912-14,  In  charge  of  reconnoissance  and  construc- 
tion, hydro-electric  plant,  Treadwell,  .Alaska. 

Pr^nt  position:  Engineer,  Alaska  Treadwell  Gold  Mining  Co., Treadwell,*  Alaska. 

Charles  W.  McMeekin,  Nevada  City,  Cal. 

Proposed  by  Charles  C.  Derby,  H.  Foster  Bain,  F.  Lynwood  Garrison. 

Bom  1862,  Newport,  Ky,  1885,  Completed  special  course  in  Engineering,  Univ. 
of  Iowa.  1885-87,  Ihstriimentman  and  Division  Engineer  in  Missouri  and  Kansas 
for  Chicago,  Rock  Island  &  Pacific  Ry.  1887-88,  t-stimating  Engineer,  Chicago, 
SanU  Fe  ft  California  Ry.,  in  Chicago.  I8S8-92,  Chief  Engineer  lor  the  Eureka  Coal 
Min.  Co.,  in  Des  Moines,  Iowa.  1892-93,  Engineer  in  charge  of  construction  masonry 
dam  for  Butte  City  Water  Works,  Butte,  Mont.,  and  bridge  construction  on 
Gouvemeur  *  Oswegatchie  Ry.,  New  York.  1893-95,  Chief  Engmeer  of  Des  Moines 
Northern  A  Western   Ry.     1895-98,  Chief  Engineer,  Iowa  Central  Ry.     1898-99, 


Principal  Asst.  Engineer,  Anaconda  Min.  Co.  {Waterworks  Dept.),  Anaconda,  Mont, 
1899-1900,  Consulting  Engineer,  Snow  Shoe  Mining  4  Millmg  Co,,  Libby,  Mont. 
1900-07,  Engineer  ana  Vice  President,  Britannia  Copper  Syndicate,  Ltd,,  Vancouver, 
""      ~~       "'        ~  '■'"       ""■        ,  Cal. 
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1900-07,  Engineer  and  Vice  President,  Britannia  Copper  Syndicate,  ti.u,,  ,a 

B.  C,     1909-13,  Gen.  Mgr.,  Crcesus  Gold  Min.  &  MiU.  Co,,  Alleghany,  Cal, 

Present  position:  1913  to  dat«;  Private  practice,  in  Nevada  City,  Cal. 
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Miles  S.  Hilward,  Mocorito,  Sin,,  Mexico, 

Proposed  by  William  D,  Blackmef,  Frank  A,  Keith,  Seeley  W.  Mudd. 

Bom  1883,  Cape  To:n'n,  So,  Africa.  1888-99,  Private  achoola  Id  England  and 
various parta  of  the  U.  8,  General  and  classical  education,  1890-1002,  Three  )-ean 
private  individual  instruction — chemietry,  chemical  research,  physics,  surveyinit.  etc, 
in  San  Francisco,  Cal^  and  vicinity.  1905-08,  Public  Assayer  with  Gorrill,  Milwato 
A  Gorrill,  Rhyolit«,  Nev.  1908,  Millman,  refining  etc.,  Montgomery  Shoshone  Min- 
ing Co.  1008-00,  Assayer  and  surveyor,  Homeatake  King  Cons.  Min,  Co,  1909, 
ABaayerLsampler,  surveyor,  Mayflower  Bullfrog  Cons.  Miaing  Co,  1910,  Asst.  Mgr., 
Eclipse  Development  Co. 

Present  position:  lOll'to  date;  General  Supt,,  El  Palmarito  Leasing  Co. 

Ben  Alfred  Mizen,  Crosby  Minn. 

Proposed  by  William  Weame,  O.  B.  Warren,  A.P,  Sitliman, 

Born  1879,  London,  England,  Kensington  High  Grade  School,  London,  England, 
1899-01,  Asst.  Chemist,  Oliver  Iron  Mining  Co.  1902-04,  Asst.  EnRr.,  Oliver  Iron 
Mining  Co,  1904-05,  ConBtruoting  Eacanaba  Crusher  Plant,  1905-08,  Supt. 
Explorations  in  New  York  State;  U,  8,  Steel  Co,,  Engineer,  Ore.  1908-10,  Concen- 
trating Dept.  Oliver  Iron  Mining  Co,,  Caniateo,  Minn.  1910-14,  Supt.,  Croabj- 
Exploration  Co.,  Cuyuna  Range,  Minn. 

Present  position :  Consulting  Engineer. 

Alfred  C.  North,  Gait,  Cal, 

Proposed  by  Eobert  Nye.  Arthur  B.  Foote,  Thomas  V.  Reeves. 

Bom  1884,  Riverside,  Cal.  General  preparatory  education  received  in  publir 
schools  of  Riverside  Co.,  Cal.  1904-10,  Univ.  of  Cal.;  B.  S.  1902-04,  Rodman  to 
transitman.  Pacific  Light  &  Power  Co,,  Los  Angeles,  Cat,  Summers,  1904-07. 
Field  Asst,,  U.  8,  Gcol.  Survey.  1907-08,  Mucker  to  timberman.  Empire  Minos, 
Grass  Valley,  Cal.  1909-10,  Timberman,  1910,  Summer,  Surveyor,  McNamsra, 
West  End,  Midway  Mines,  Tonopah,  Nev,  1910-12,  Sampler,  shift  boss,  sur\-eyot, 
etc..  Butters  Divisadero  Co,,  El  M.Ivador,  C.  A. 

Present  position ;  Secy.,  Mines,  Murcielago  Mining  Co.,  Galeras,  Honduras. 

Frederick  J.  Pack,  Salt  Lake  City,  Utah. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey,  Alfred  J.  Moses. 

Bom  1875,  Bountiful,  Utah,  1904,  Univ,  of  Utah;  B,  S.,  M.  E.  1905,  Columbia 
Univ.;  A,  M.  1006,  Columbia  Univ.;  Ph,  D.  Since  1006  I  have  done  a  considerable 
amount  of  geological  expert  work,  chiefly  in  the  mines  of  Utah;  all  of  my  time  outsidp 
of  duties  at  the  university  has  been  devoted  to  this  work. 

Present  position:  Deseret  Professor  of  Geology,  Univ.  of  Utah. 

Arthur  B.  Parsons,  Candor,  N.  C. 

Proposed  by  H.  A.  Morrison,  Benjamin  F.  Tibby,  Benjamin  H.  Case. 

Bom  1887,  Salt  Lake  City,  Utab.  1803-1005,  Public  schoob  of  Salt  Lake  Ciiv 
including  high  school.  1905-09,  Utah  School  of  Mines;  B.  S.  1909-10,  Goldfield 
Cons.  Mining  Co. 

Present  position:  1911-14;  8upt,,  Cyanide  Plant,  Candor  Mines  Co. 

Elmer  Pfouts,  Butte,  Mont, 

Proposed  by  F.  F.  Sfiarpless,  George  E,  Parish,  C.  W,  Goodale. 

Born  1876,  Virginia  City,  Mont,  Common  school  education.  1899-1901, 
Boston*:  Montana  Smelter,  Great  Falla,  Mont,  1904-07,  M.L.  McDonald,  Tonopab, 
Nevada.  1907-08,  McQuatters  &  Shepherd,  Chihuahua,  Mexico,  1911-12,  Dobie. 
Mines,  Ltd,,  Porcupine,  Ont,  1912-13,  Mother  Lode  Mine,  Sheep  Creek,  B.  C, 
1913.  E!ko  Prince,  Midas,  Nev. 

Present  position:  Supt,  Black  Bear  Mine,  Telluride,  Colo. 

Evan  E.  Price,  Salt  Lake  City,  Utah. 

Proposed  by  J.  C.  Dick,  R,  C,  Gemmell,  L,  S,  Austin, 

Bom  1876,  Wales,  G,  B.  1904,  Grad,,  Missouri  School  of  Mines;  E.  M.  1904~0G,  ' 
Asst.  Engr.,  Utah  Copper  Co.  1906-07,  Geo.engrg.,  Kev.  1907-09,  Foreman, 
Yampa  mine,  Bingham,  UUh,  1909-10,  General  practice.  1910-12,  Field  Engr.,  | 
Gum  Thompson  Co. 

Present  position:  1012  to  date;  Supt,  Lower  Mammoth  Mining  Co.,  Mammoth. 
Utah. 
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Donald  Hewson  lUdelifie,  RoUb,  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1889,  Kansaa  City,  Mo.  1905-07,  Graduated  Kirkwood  Militaiy  Academy, 
Kirkwood,  Mo.  1907-13,  Missouri  Sctiool  of  Mines;  B.  S.  1908,  UndBreround 
diamond  driller,  Federal  Lead  Co.,  Flat  River,  Mo.  1909,  Rodman,  Union  Pacific 
R.  R.,  Eastern  Div.,  Kansas  City,  Mo.  1910,  Miner,  Chino  Copper  Co.,  Santa  Rita, 
N.  M.  1910,  Mioe  sampler,  Detroit  Copper  Co.,  Morenci,  Ariz.  1912,  Miner,  Cobalt 
Lake  Mg.  Co.,  Cobalt,  Ont.;  Assayer,  Campbell  &  Deyeil's,  Cobalt,  Onl.  1913-U, 
Asst.  in  G«ol.  Dept.,  Mo.  School  of  Mines,  Rolla^  Mo. 

Present  position :  Instructor  in  Geology  and  Mineralogy,  Missouri  School  of  Mines, 
RolU,  Mo. 

Samuel  Coleman  Redd,  Morenci,  Aric. 

Proposed  by  M.  H.  McLean,  Frank  W.  McLean,  Prank  D.  Hathbun. 

Bom  1880,  Verdon,  Va.  1898-I9I0,  Three  years  at  Randolph  Macon  College, 
Mhland,  Va.  I90S-0fi,  Galveston,  Harrbburg  &  San  Antonio  Ry.,  El  Paso,  Texas. 
1906-07,  Rio  Grande,  Sierra  Madre  4  Pacific  Ry.,  Temosachic,  Chih.,  Meidco. 
1909,  Cananea  Cona.  Copper  Co.,  Cananea,  Son.  1910-12,  Mexico  Northwestern 
Ry.,  Chih.,  Mexico.     1912,  Madera  Lumber  Co.,  Madera,  Chih.,  Mexico. 

Preseat  position;  1913  to  date;  Engineer  with  Detroit  Copper  Co. 

Hiles  SedJyy,  Hurley,  N.  M. 

Proposed  bv  G.  H.  Cox,  C.  R.  Forbes,  V.  H.  McNutt. 

Bom  1884,  Cleveland  Ohio.  1900-03,  South  High  School,  Cleveland,  Ohio. 
1905-08,  Missouri  School  of  Mines;  B.  S.  1911,  Foreman,  Concentrating  Dept. 
1912,  Ray  Cons.  Copper  Co.,  Hayden,  Aril.  1912,  Foreman,  Fine  Crushing  Dept. 
1914,  Repairs,  Chino  Copper  Co.,  Hurley   N.  M. 

Present  position:  Foreman,  Hne  Crushing  Dept.,  Chino  Copper  Co. 

Jacob  David  Shilling,  Jr.,  Bingham  Canyon,  Utah. 

Proposed  by  R.  C.  Gemmell,  C.  W.  Whitley,  Thomas  S.  Camahan. 

Bom  1882,  Hilltown,  Pa.  1902-06,  I^fayette  College,  Easton,  Pa.  1906-09, 
.\3st.  Mine  En^.,  Utah  Copper  Co.     1910-12,  Gen'l  Foreman,  Utah  Copper  Co. 

Present  position:  1913  to  date;  Asst.  Supt.  of  Mines,  Utah  Copper  Co. 

AlTin  Clark  Stahl,  WUkes-Baire,  Pa. 

Proposed  by  F.  M.  Chase,  J.  M.  Humphrey,  Charles  EnKian. 

Bom  1867,  Wilkes-Barre,  Pa.  1881,  Public  school,  Wilkes-Rarre,  Pa.  1886, 
Business  course,  Wilkes-Barre  Business  CoUnge.  1800,  Mathematics  during  winter 
at  Wyoming  Seminary,  Kingston,  Pa.  1885,  One  year  in  carshopofiLehighA  Wilkec- 
Barre  Coal  Co.,  Wilkes-Barre,  Pa.  1887,  Mining  engineer  corps,  Lehigh  Valley  Conl 
Co.,  Wilkes-Barre,  Pa.  1891,  About  one  year  as  draftsman  with  James  Pollock, 
mechanical  engr.  and  breaker  designer.  1892,  Two  years  transitman,  with  Simpson 
&  Watkina,  Scraaton,  Pa.,  individual  coal  operator.  1894,  Transitman  and  drafts- 
man, L.  V.  C.  Co.,  Wilkes-Barre,  Pa.  1902,  Mviaion  Mining  Engineer,  L.  V.  C.  Co., 
Centralia,  Fa. 

Present  position:  1910  to  date,  Asst.  Mining  engineer,  Lehigh  Valley  Coal  Co. 

William  Boyce-  Thompson,  New  York,  N.  Y. 

Proposed  by  Walter  H.  Aldridge,  B.  B.  Thayer,  Henry  Krumb. 

Bom  1869,  Virginia  City,  Mont.  Phillips  Exeter  academy,  Columbia  School  of 
Mines.  Senior  member,  New  York  Stock  ExchanEe  firm  of  Thompson,  Towle  &  Co. 
Director  First  Natl.  Bank  of  Yonkers,  Director,  Hen  dee  Mfg.  CS>.  Director,  Utah 
Copper  Co.  Director,  Nevada  Cons.  Copper  Co.  Director  and  Pres.,  Inspiration 
Cons.  Copper  Co. 

Present  position:  Director,  Utah  Copper  Co.,  Nevada  Cons.  Copper  Co.,  Pres., 
Inspiration  Copper  Co. 

Thomas  Horton  Toner,  Nikolaievsk-on-Amur,  Siberia. 

Proposed  by  J.  C.  Branner,  C.  F.  Tollman,  Jr.,  G.  H.  Cfevenget. 

Bom  1888,  Port  Carbon,  Pa.  1906,  Grad.  of  Bloomsburg  State  Normal  School, 
1906-07,  Rodman  and  levelman,  Los  Angeles  Agu.  Survey  (Credit  in  C.E.  of  Stanford 
given  for  this  work).  1907-11,  Student,  Stanford  Univ.,  summers  spent  in  general 
mining  work.  1912,  Instructor,  private,  mineralogy  and  geology.  1912-13,  Asst. 
to  Supt.  of  Orsk  Goldfields  in  East  Siberia.  1914,  Stanford  Univ.;  A.B.  1906-07, 
Rodman  and  levelman,  Los  Angeles  Aqueduct  Survey.  1910,  Lead  mines,  Death 
Valley,  Cal.  1911-12,  Asst.  in  metallurgy,  Stanford  Univ.,  private  instructor  in 
mineralogy  and  geology. 

Present  position:  1912  to  date,  Asst.  to  Supt.  of  Orsk  Goldfields  in  East  Siberia. 
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CharleB  M.  Warner,  New  York,  N.  Y. 

Proposed  by  H.  J.  Stehli,  A.  S.  Dwight,  F.  F.  Colcord. 

Bom  1889,  Memphis,  Tenn.  1904-08,  Rutgers  Scientific  School;  B.8.  1910-12, 
Columbia  University.  1908-10,  Mammoth  Copper  Co.,  plant  of  A.S.S.M.  ft  B.  Co., 
one  year  and  a  half  underra'ound  and  half  year  m  various  capacities.  1012-13,  Mid- 
vale  plant  of  A.S.S.M.  &  R.  Co.  in  charge  of  construction  of  roasting  equipment  mi 
then  roaster  foreman. 

Present  position:  1913  to  date;  Field  Engr.  for  the  Dwight  &  Lloyd  Sintering  Co. 

Arthur  J.  Wehr,  Morend,  Aris. 

Proposed  by  Frank  W.  McLean,  M.  H.  McLean,  Frank  D.  Hathbun. 

Born  1890,  St.  Paul,  Minn.  1898-1901,  Assumption  School,  private.  1901-07, 
College  of  St.  Thomas,  St.  Paul.  1907-11,  Univ.  of  Minn.;  E.  M.  1911,  Inspectorof 
Roads  and  Bridges,  Ramsey  Co.,  Minn.  1912,  Asst.  to  J.  C.  Carnow,  Mine  Supt., 
Ariz.  Copper  Co.,  Morenci,  Ariz.  1912,  Mill  operative  and  experimental  sampler. 
A.C.  mill,     1912-13,  Feed  Floor  Foreman,  D.  C.  M.  Co.  smelter,  Morenci,  Ari«. 

Present  position:  1913  to  date,  Asst.  Engineer  and  Draftsman,  D.  C.  M.  Co., 
Rocky  Gulcn  Division. 

Joseph  L.  White,  Mayer,  Arix. 

Proposed  by  0.  M.  Colvorcoresses,  R.  T.  Walker,  D.  J.  Evans. 

Bom  1883,  Albany,  N.  Y.  1892-1900,  General  school,  Denver,  Colo.  1900-01. 
High  school,  Denver,  Colo.  1903-07,  Colo.  School  of  Mines;  E.M.;  M.E.  1907-09, 
El  Tiro  Copper  Co.,  El  Tiro,  Aria.  1909-11,  Edua  Mines  Co.,  Edua.  Idaho.  1911. 
Compania  Minera  Cusi,  Cusihuiriachic,  Chih.,  Mexico.  1912,  Atlas  Min.  A  Mill.  Co., 
Sneffels,  Colo. 

Present  positioa:  Cons.  Arizona  Smelting  Co.,  Blue  Bell  Mine. 

Amo  S.  Winther,  Bingham,  Utah. 

Proposed  by  Fred  Cowans,  R.  C.  Gemmell,  C.  W.  Whitley. 

Bom  1882,  Fergus  Falls,  Minn.  1899,  Fergus  Falls  High  School.  1903,  Univ.  ot 
Minn.;  E.M.  1903-04,  Silver  King  Min.  Co.,  Park  City,  Utah.  1904-10,  Cerro  df 
Pasco  Min.  Co.,  Cerro  de  Pasco,  Peru,  S.A, 

Present  position:  1910  to  date,  Mine  Supt.,  Utah  Cons.  Mining  Co. 

Ctark  Watson  Wright,  Kincaid,  m. 

Proposed  by  G.  H.  Cojc,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1883,  St.  Louis,  Mo.  1890-1900,  pubhc  schools.  1900-01,  St.  Louis  I'niv. 
1907-08,  Private  tutor,  W.  A.  Godboy,  Principal  of  the  Pope  School  of  St.  Louis. 
1908-12,  Missouri  School  of  Mines  and  Metallurgy,  RoUa,  Mo.;  B.S.  1906-08. 
Rodman  and  instrument  man,  Terminal  Railroad  Assn.,  St.  Louis,  Mo.  1912-13. 
Asst.  Engr.,  Madison  Coal  Corpn.,  St.  Louts,  Mo.  1913,  Mining  Engr.,  Compania 
Estanifcra  de  Llallagua^  Llallagua,  Bolivia,  S.A.  1913,  Field  Engr.,  Allen  &  Garcia. 
Cons.  EngTs.,  McCormick  Bldg.,  Chicago,  III. 

Present  position:  1S13  to  date;  Division  Min.  Engr.,  Peabody  Coal  Co.,  McCor- 
mick Bldg.,  Chicago,  Ul. 

Aasociaks 

William  Edward  Colbv,  San  Francisco,    Cal. 

Proposed  by  S,  B.Christy,  H.  Foster  Bain,  W.  S,  Morley. 

Born  1875,  Benicia,  Cal.     Have  specialised  in  the  practice  of  mining  law  for  fiftet'n 

Bars.     Lectures  on  law  of  mines,  Univ.  of  Cal.     Associated  with  Hon.  Curtis  H. 
ndley  in  the  practice  of  law  and  assisted  in  preparation  of  3d  edition  of  "lindlpy  on 
Mines."     Prepared  article  on  law  of  mines  for  "  Modern  American  Law." 

Present  position:  Preparing  historical  chapter  on  American  mining  law  for  Car-' 
negie  Institution,  Washington,  D.  C. 

,      Iwin  C.  Reede*-. 

Born  1876,  Iowa.  1900,  Armour  Inst,  of  Tech.;  B.S.,  E.E.  1905,  Armour  Inst. 
of  Tech.;  M.S.,  E.E.  1900-01,  Gen.  Electric  Co.,  Schenectady.  1901-06,  111.  Steell 
Co.,  So.  Chicago,  Supt.  Electric  Dept.  I 

Present  position:  District  Mgr.,  Power  and  Mining  Dept., General  Electric  Co., 
Chicago,  ni. 
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Clyd«  A.  BeUer,  Philadelphia,  Pa. 

Proposed  by  F.  Lynwood  Garrison,  Eli  T.  Conoer,  H.  M.  Chance 

Bom  1S70,  PennBylTania. . 

Present  poeition:  Prea.,  Tonopah  Belmoat  Development  Co.,  Philadelphia,  Pa. 

Junior  Members 

Elwin  B.  HalL  SUnford  Univ.,  Cal 
Proposed  by  D.  M.  Folsom,  J.  C.  Branner,  H.  W,  Young. 
Bom  1892,  Ventura.     1910-14,  Geology,  Stanford  Univ. 
Present  poeition:  Student,  Geology  Dept. 

Wallace  HauMn  Bnd«ii,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen,  William  R.  Chedsey,  Harry  P.  Wolf. 

Bom  1886,  New  York  City.  1914,  Grad.,  Colo.  School  of  Mines.  1910-11, 
Worked  underground,  Homestake  Mine.  Worked,  Magna  Plant,  Garfield,  Utah. 
1909.  Bowdoin:  A.B. 

Present  position:  Student. 

Williun  Coryell  Boiob 

Proposed  by  G.  H.  Coi,  v^.  «.  i  v.u™,  , .  «.  «.^mi.v. 
Bom  1889,  Wahoo,  Neb.     1906,  (Wi.  LoaAjigeles  High  School.      1909-12,  Univ. 
of  Southern  Cal.     1912-14,  Membra  of  present  senior  class,  Missouri  School  of  Mines. 
Present  position:  Student. 

Holmaa  Thotnpaon  Htnlull,  Rolla,  Mo. 

Proposed  by  G.  H.  Con,  C.  R.  Forbes,  V.  H.  McNutt. 

Born  1891,  Sioux  City,  la.  1905-09,  Grad.,  Sioui  City  High  School.  1909-14, 
Mining  Engineering  course.  1913,  Steam  shovel  repair  work  with  Utah  Copper  Co., 
Bingham,  Utah. 

Present  position:  Student. 

H«rb«Tt  Nelson  Witt,  Cambridge,  Mass. 

Proposed  by  Raymond  B.  Ladoo,  Charles  H.  White  L.  C.  Graton. 

Bom  IS8B,  Boston,  Mass.  1908-10,  Harvard  College.  1910-13,  Aid,  U.  S. 
Coast  and  Geodetic  Survey  in  the  Philippine  Ida.  (1910-12)  and  Alaska  (1913). 
1913,  Geologist  with  International  Cons.  Oil  Co.,  at  Spring  VaUey,  Wyo.  1913-14, 
Harvard  College. 

Present  poeition:  Student. 

Change  of  St<Uu8 — Associate  to  Member 

Emory  H.  Harahall,  YeringtOB 

Since  joining  the  Institute  in  _.  _,  _  _     ..  . 

Inat.  of  Tech.,  M.S.  July  6,  1912,  Nevada  Douglas  Copper  Co.,  Ludwig,  Nev.,  first 
as  timberman  and  later  as  aast.  engr.  August,  1912,  McConnell  Mines  Co.,  Mason, 
Nev.,  ss  engr.  and  aasayer  and  bookkeeper. 

Present  position:  1913  to  date,  Empire  Nevada  property,  Yerington,  Nev,,  as 
assayer  and  engineer. 

Chanqes  07  Address  of  Meubers 
The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Apr.  10  to  May  10,  1914.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  88  and  89,  April 
and  May,  1914,  and  the  foregoing  list  of  new  members,  therefore,  sup- 
plements the  annual  list  of  members  corrected  to  Mar.  1,  1914,  and 
brings  it  up  to  the  date  of  May  10,  1914. 
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Abbahams,  A.  1 1391  Madison  Ave.,  New  York,  N.  Y. 

Adaub,  Hdmtington 115  East  80th  St.,  New  York,  N.  Y. 

Addickb,    Lawbknce Douglas^    Aril. 

Anderson,   W.   G Northbrook,   Frontenac  Co.,   Ont.,  Canada. 

Allen,  Ror  H Jamesburg,  N.  J. 

Badlau   Stephen 134  Beaver  Street,  Beaver,  Pa. 

Bakek,  Hugh  C 316  Blaekburn  Ave.,  Ottawa,  Ont..  Canada. 

Barbouh,  Tbohab  J The  Pacific-Uniou  Club,  San  Franciaco,  Cal. 

Batchbllok,    Stillman Real  del   Monto,    Hgo.,    Mexico. 

Beck,  Edwin  L 1656  Alice  St.,  Oakland,  Cal. 

Belunoer,     H.    C Spokane,    Wash. 

Bebq,  p.  T 63  Strandvagcn,  Stockholm,  Sweden. 

BoDDiNQTON,  Henrv  D Ruatan,  Bay  Islands,  Spanish  Honduras,  C.  A. 

Brantlt,   J.    E Geological   Dept.,   Atlanta,   Ga. 

Bbayton,  C.  C 433  California  St.,  San  Francisco,  Cal. 

BuDROw,  L.   R Eaqueda,  Son.,    Mexico,  via  Douglas,   Aris. 

BuRDicK,  Charles  A Socorro,  N.  M, 

Channing,  J.  Parke 61  Broadway,  New  York,  N.  Y. 

Chow,  Kai  Chi 683  Myburg  Rd.,  Shanghai,  China. 

Clark,  Jambs  M 509  Brook  St.,  Charleston,  W.  Va. 

Cook,  Edwabd  H,  Care  A.  A.  Wigmore,  445  Pacific  Electric  BIdg.,  Lob  Angeles,  Cal. 

Cooper,    John    H Skidoo,    Cal. 

CoBBA,    Dean White    Hall,    Greene    Co.,    111. 

CoxB,  Edward  H Lily,  I^. 

Cdnnipp,  Bernard 1710  Michigan  Ave,,  Chicago,  El. 

Daveler,  E.  v.,  Supt.  of  Mills.  Alaska  Gastineau  Mining  Co.,  Thane,  Alaska. 
Davis,  J.  C.,  Fourth  Vice-President,  American  St«el  Foundries, 

1163  McCormick  BIdg.,  Chicago,  Ul. 

DoRRANCE,  Charles,  Jr 311  West  Diamond  Ave.,  HaEelton,  Pa. 

DowH,  David 45  Wall  Street,  New  York,  N.  Y. 

DuRANT.  H.  T..  Care  Mining  and  Metalliu^ical  Club,  3  London  Wall  Bldgs., 

(London  Wall,  London,  E.  G.  England. 
DwiOHT,  Theodore,  Society  for  Electrical  Development,  29  West  39th  St., 

New  York,  N.  Y. 

DroTT,  G.  M 1  East  Chapel  St.,  Mayfair,  London,  W.,  England. 

Eldrbd   B.  E 18  East  41st  St^  New  York,  N.  Y. 

Elus,  R.  W Oromdale,  Surbiton,  England. 

EsTERBROOK,  E.  L Care  Standard  Oil  Co.  of  N.  Y.,  Shanghai,  China. 

Evans,  Georob  Watkin 423-24-25  New  York  Block,  Seattle,  Wash. 

Fera,   C Via  Asaarotti  40,  Genoa,  Italy. 

FiSHEiL   WiuJAM   B Care  Alta  Club,    Salt  Lake  City,  Utah. 

Fobs,  F.  Jouus,  Cons.  Geol. . .  -Care  Fobs  4  Gardner,  213  Clinton  BIdg.,  Tulsa,  Okla. 

Foster,    Donald    F Belmont,    Sutton,    Surrey,    England. 

Foster,  Philip  Lawrence.  . ,  .The  Exploration  Co.,  Lw.,  of  London, 

61  Broadway,  New  York,  N.  Y. 

Galloway,  A.  D.   R Aboaao,  via  Secondee,  Gold  Coast  Colony,  W.  Africa. 

Gabd,  Irving  R Care  Mecca  Colliery  Co.,  Eafde,  W.  Va. 

Garret,  George  H 115  Broadway,  New  York,  N.  Y. 

GwiNN,  James  W Kellogg,  Idaho. 

Hamilton,  Alex.  K 208  South  I*  Salle  St.^   Chicago,  lU. 

Harris,  Arthur  L Monte  Cristv,  Dominican  Republic. 

Hartrick,  J.  S 59  Murray  St.,  Elsternwick,  Melbourne,  Vic,  Australia. 

Hay,   Henrt Covina,   Los   Angelee   Co.,   C<J. 

Henderson,  H.  P 56  Broadway,  New  York,  N.  Y. 

Herb,  Ibving Apartado  49,  Guanajuato,  Mexieo. 

HossiN,  Artbdr  J.  .308  Commonwealth  BIdg.,  15th  and  Stout  Sts.,  Denver,  Colo. 

Howe,  Albion  S Mills  BIdg.,  San  Francisco,  Cal. 

Hunter,  Charles,  Institute  of  Mining  and  Met.,  Finsbury  Circus,  London,  E.  C,  E^g. 

HuRD,  Wai/ter  E 307  Yale  BIdg.,  Philadelphia,  Pa. 

Huston,   H.  L. 210  Alaska  Commercial  BIdg.,  San  Francisco,   Cal. 

Jenkb,  a.  W Instructed  to  hold  all  mail. 

Kanda,  Rbui 143  Sanya,  Yoyogi,  Tokyo  Suburb^  Japan. 

Keenet,  Robert  M Baker  Mmes  Co.,  Cornucopia,  Ore. 

KiTsoN,  H.  W Gen'l.  Dehvery,  Los  Angeles,  Cal. 

Kemp,    James    T 421    Lafayette    Ave.,    Palmerton,    Pa 
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Kipnxe,RobbB 363  East  Pearl  St.,  Pomona.  Cal. 

LiiBD,  Geo.  A 98  Raglan  St.,  Mosra an,  Sydney,  N.  8.  W.,  Auatralia, 

L'Ehqle,  E.  Fixmino C^  Aguacate  Minee,  San  Mateo,  Coeta  Rica,  C.  A. 

LiNDAD,  8.  Paul,  Care  Western  Precipitation  Co.,  1016  W.  9th  St.,  Los  AnRelea,  Cal. 

LiintsAr,  1 63  Montagu  Square,  London,  W.,  England. 

Lccu,    P.   K Greenwood,    Kim,    Scotland. 

LrON,  D.  A Dept.  of  MetallurgicalResearch,  Univ.  of  Utah,  Salt  Lake  City,  Utah. 

McCaktst,   John   E 952  Aooma  St.,   Denver,   Colo. 

McEten,  A.  Fkancis Box  5254,  Johannesburg,  Transvaal,  S.  Africa. 

MacDonau),  Jesse  J Sierra  Madre  Club,  Los  Angeles,  CaL 

Manhheiu,  p.  a.  L ..St.  Louis  Smelting  &  Ref.  Co,,  CoUinsville,  111. 

Mil,  DBConacY Chairman,  New  York  Shipbuilding  Co.,  Camden,  N.  J. 

MiLUB,    W.    Clayton "The    Weetminatar, "   Spokane,   Wash. 

MrrxE,  Chablbs  A Box  2051,  Bisbee,  Ariz. 

MoOBB,  Rbdick  R 418  Boston  Bldg.,  Salt  Lake  City,  Utah. 

MoBLET,  Fredebick  H Santa  Barbara,  Cal. 

MoBTOs,  Ehle  D Midas,  Nev.,  via  Golconda. 

MowB,  Edwabd  C 5303  42nd  Ave.,  S.  E.,  Portland,  Ore. 

MnspHT,  E,  M Back  Bay  Station.  Boston,  Mass. 

Mtbbs,  Jakes  W Wanakah  Mining  &  Smelting  Co.,  Ouray,  Colo, 

NiBfflo,  Keuibo Wien,  Austria. 

Patmai^  Geosoe  W 1621  Vallejo  St.,  San  Francisco,  Cal. 

Pemt,  WiLUAU  C 304  Orear-Leslie  Bldg.,  Kansas  City,  Mo. 

Pebcbel,  Wiluau  M Instructed  to  hold  all  mail. 

PiiocHAaKA,  Gboboe  A.,  Jb 138  West  13th  St.,  Hibbing,  Minn. 

Pbodt,  W.  M Panfcop,  Pienaar's  River,  via  Pretoria,  Transvaal,  S.  A. 

Pure,  W.  F 265  West  88th  St.,  New  York,  N.  Y. 

RcBTUBs,  WiLUAM  CupFORD Weet  Point,  Calaveras  Co.,  Cal. 

RiBALKiN,  M.  P.  .Vassitevisky  Ostrov,  line   11,  No.   17,  St.  Petersburg,  Russia. 

KoLKKB,  Chajiles  M 59a  London  Wall,  London,  E.  C,  England. 

Scheme,    M.    C Stcrimg,    Kan. 

ScBBADEB,  GUSTAVB P.  0.  Box  72,  Sutter  Creek,  Cal. 

Schwabs,  Cbables  E Cordova  Mines,  Ont.,  Canada. 

ScoTiL,  H.  H Room  1543,  30  Church  St.,  New  York,  N.  Y. 

Sbaw,  8.  F 136  Liberty  St.,  New  York,  N.  Y. 

Sbobmakbb,    G.    M La    FoUette,    Tenn. 

SioTB,  Alexander  Henrt Hennont  Bldg.,  Toronto,  Canada. 

Smith,  Algxandbb  Hebbert Gateway,  B.  C^  Canada. 

.Smith,  George  D Box  250,  Carson  City,  Nev. 

Smith,  Howabd  1 401    North  Rebecca  St.,   Pittsburg,   Pa. 

Sproat,  a.  D Care  Cia.  Minera  Santa  G«rtrudia,  Paehuca,  Hgo.,  Mex. 

Steel,  Donald 202  Emerson  St.,  Palo  Alto,  Cal. 

Stewart,  J.  B 1423  8.  Broad  St.,  Trenton,  N.  J. 

Stoffel,  PArL  X.  .Care  Cia.  Mbas  de  Penolefi,  S.   A., 

3a  San  AuguHtm  No.  80.,  Merico,  D.  F. 

Stoiber-Rood,  L.    a Care  First   National   Bant,    Pueblo,   Colo. 

Stboheckbr,   J.    W Garfield,   Wash. 

Stbuthebs,  Joseph,  2nd  Vio^-Pres.  Johnson  Electric  Smelting,  Inc. 

18  East  41st  St.,  New  York,  N.  Y. 

SuBSMAN,  Otto Box  957,  61  Broadway,  New  York,  N.  Y. 

TtNSLBt,  R.  B.,  Care  Trinidad  Tope  Asphalt  Co.,  Port  of  Spain,  Trinidad,  B.  W.  I. 

Thompson,   R.  Victob Huntington  Park,  Lob  Angeles,  Cal. 

Thomson,  Robert  W University  Club,  Vancouver,  B.  C,  Canada. 

Thohbon,  S.  C,  Care  Messrs.  S.  Neumann  &  Co.,  Salisbury  House, 

London  Wall,  London,   E.  C^  England. 
Trbrisb,  Jobiah  H,  Care  Rooky  Mountain  Club,  65  West  44th  St.,  New  York,  N.  Y. 

Vas   Dtbk,  B 1607  Foster  St.    Ha'rrisburg,  Pa. 

Waolbob,  F.  R 426  Real  Estate  Trust  Bldg.,  Philadelphia,  Pa. 

Waqner,    Williau    Huff Milford,    Del, 

Wainewbioht,  Wilfrid  B Heme  Cottage,  Haslemere,  Surrey,  England. 

Watti;,  H.   M City   Bldg.,   Dayton,   Ohio. 

Washbubne,  Chester  W; Care  S.  H.  Ball,  71  Broadway,  New  York,  NY. 

Watkik,  W.  Knbath,  Care  Spencer  Trask  &  Co.,  208  So.  La  SaUe  St.,  Chicago,  111. 

Webotbr,  Pacl  W 3600  Grays  Ferry  Road,  Philadelphia,  Pa. 

rt'EIa■^  W.  M 114  Indian  Road,  Toronto,  Ont.,  Canada. 
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WxBNSCKK.L Care  Alaska  Gastineau  Min.  Co.,  Juneau,  Alaska. 

WiLKENS,  H.  A.  J 60  Broadway,  New  York,  N.  Y. 

Wright,  Loma  A Care  S.  A.  Birdsall,  R.  F.  D.  3,  Walkill,  N.  Y. 

Addresses  of  Members  and  Associates  Wanted 

Name.  Last  Address  of  R«oord,  from  which  Mail  has  been  B«tumed> 

Betcb,  R.  a RoBB  M.  M.  Co.,  Siiverton,  Colo. 

Cox,    Charleb    E Sombrerete,    Zac,    Mexico. 

DiBBROw,   W.  F 1108  Foster  Bldg,,  Denver,   Ck^. 

Heldt,     Hans     L Sombrerete,     Zac,     Mexioo. 

Jewbet,    Robert    H Gabriel,    Dur.,    Mexioo. 

PoLKiNHORN,    K.   J Apartado  Postal   No.    12,    Torreon,    Coahuila,    Mexico. 

Rawunqb,  Stuart  L Durango,  Mexico. 

ScoBBT,  J.  C 3424  Colfax  Ave.  B.,  Denver,  Colo. 

SiHiNQTON,  Francis  J 6444  Stoney  Island,  Jackson  Park  8ta.,  Chicago,  111. 

Wheelwhioht,  O.  W Madison,  Wis. 

Yocua,  CD Tower  City,  N.  D. 

Nechologt 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Apr.  10  to  May  10,  1914: 


Name  Date  of  Decease. 


Date  of 
Election. 

1886  "Bailey,  Charles April  20,  lfll4. 

1893  •Crawford,  J.  J. ,  - — - 

1911  'Dull,  A.  J. April    8,  1914. 

1893  ♦Fraaoh.  Herman , 

1903  'Mail,  Joaquin July     9,1913. 

1912  "Tatton,  Edwin  H April    3,  1914. 

'Member.  *'I.jfe  Member. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

L.  W.  FRANCIS.  Ckabmam. 
WtLLARD  8.  MORSE.  Fiet-CiMrMM. 
TBOMAS  T.  READ,  ^Mntorv,  Woolirorth  Bide-.  Kaw  York,  H.  T. 
P.  A.  MOSMAN,  I 
LOUIS  D,  HUNTOON, 

Boibm 

HENRY  L.  SMYTH,  « 
ALFRED  C.  LANE,  Vif^)ulrmM. 
AUODBTU8  B.  EUBTIS,  S*en«arv-IV*aninr.  ISl  fllAto  St.,  Borton,  Mum. 
TIMOTHY  W.  SFRAQDE.  HENRY  A,  WENTWORTH." 

Colvm&ia 


QEORQB  W.  RODDBWIQ,  Viei-ChainmiBt. 

LTNDOK  E.  ARU8TRONO,  BtnUTv-TTtanirtr,  P.  O.  Drawn  91U.  BpokuM,  Vxh. 

R.  S.  UoCAFFBRY.  S.  H.  RICHARDSON. 

Pvgtt  Sound 

JOSEPH  DANIELS,  C 


Soulhm  CalifoTjaa 

THEODORE  B.  COHSTOCK,  Ckairman. 
BEELEY  W.  MUDD.  Fis-Clainwrn. 
FREDERICK  J.  H.  MERRIU*  e«n(iirs-T>Hninr,  SOO  OwnaiB  Bide,  LoaAnnUii,  Cat 
C.  COLCOCK  JONES,  FRANK  ROBBIKS. 

Colorado 

FRANK  BULKLBY.  Ckainmait. 
C.  LORIMER  COLBURN.  Stentary-TVunmr.  OM  IiIhI  BId|.,  Deanr.  Colo. 
B.  A.  IONIDE8,  JAMES  M.  MoCLAVE.  DAVID  Q.  MILLER. 

Montana 
E.  P.  MATHEW80N.  Chai'ma*. 
FRANK  H.  SMITH,   Tif^katnuai. 
D.  C.  BARD,  Bterilary,  MontsBB  Suta  Sohool  of  MlnM,  Botta.  Hoot. 
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The  PUcer  Law  as  Applied  to  Petroleimi 


BY  HAX  W.  BAIA.,' 

<Nbw  YoA  Maatinc  February,  W*i 

An  intelligent  diBcusaion  of  the  oil  situation  and  its  needs,  whether 
from  the  standpoint  of  the  prospector,  the  operator,  the  engineer,  or  the 
public  administrative  officer,  must  be  founded  upon  a  knowledge  of  the 
law  under  which  oil  lands  are  obtained.  A  consideration  of  new  legisla- 
tion must  be  prefaced  by  an  understanding  of  the  present  law  and  its 
results.  This  paper  undertakes  to  present  no  new  remedy  for  the  ills 
of  the  present  situation,  no  new  solution  of  the  problems  the  oil  business 
is  facing.  It  attempts  merely  to  summarize  the  present  law,  its  provi- 
sions, its  origin,  its  development,  and  its  effects.  The  discussion  does 
not  pretend  to  be  exhaustive  from  a  legal  standpoint.  It  aims  to  avoid 
l^al  intricacies  which  tend  to  confuse  rather  than  clarify.  It  seeks  but 
to  present  the  essentials  of  the  existing  situation. 

The  title  to  government  lands  known  to  contain  valuable  deposits  of 
petroleum  may  be  acquired  only  under  the  terms  of  the  placer  law  as 
embodied  in  Section  2329  et  seq.  of  the  Revised  Statutes.  As  a  prelim- 
inary to  considering  the  desirability  of  this  dtuation  it  is  profitable  to 
examine  into  its  origin. 

ObIGIN  of  the  LiLW 

Congress  has  left  no  room  for  doubt  as  to  the  legal  applicability  of  the 
placer  law  to  oil  lands.     The  Act  of  Feb.  11, 1897(29  Stat.,  526),  provides: 

"  that  any  person  authoriied  to  enter  lands  under  the  mining  lawg  of  the  United  States 
may  enter  and  obtain  patent  to  land  oontaining  petroleum  or  other  mineral  oil«,  and 
ctiie6y  valuable  therefor,  under  the  proviaiona  of  the  laws  relating  to  placer  mineral 
claims." 

The  immediate  cause  for  the  passage  of  this  Act  was  stated  in  a  brief 
report  in  the  House  of  Representatives  (there  was  no  debate  in  the 
Senate)  to  be  a  decision  of  the  Department  rendered  Aug.  27,  1896 
(Union  Oil  Co.,  23  L.  D.,  223),  directing  the  cancellation  of  an  oil  placer 
entry  on  the  ground  that  land  containing  petroleum  cannot  be  located 
and  entered  as  a  placer  mine.  The  report  of  the  Public  Lands  Committee 
of  the  House  contains  the  following  interesting  statements  {CongreasioTial 
Record,  vol.  xxix,  p.  1409) : 

*  Chairman  Oil  Board,  U.  S.  Geological  Survey.    Non-member. 
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"The  Committee  on  the  Public  Lands,  h&ving  had  under  coosideratioit  House  bill 
ff983,  report  the  same  back  with  the  recommendation  that  it  do  paaa. 

"Public  lands  containing  petroleum  and  other  mineral  oils  have  been  held  and 
patented  under  the  placer  mining  acts  of  the  United  States  for  many  years  past.    .    . 

"Under  these  rulings  and  in  view  of  the  unlForm  practice  of  the  Land  Department 
for  many  years,  considerable  quantities  of  lands  have  been  filed  upon,  held,  and 
improved  for  the  purpose  of  developing  oils  in  various  of  the  pubU&4and  States,  and  in 
many  instances  large  sums  of  money  have  been  eiipended  in  such  development. 

"Under  a  dedsion  of  the  Secretary  of  the  Interior,  dated  August  27,  1896,  in  the 
oaae  of  mineral  entry  No.  140,  Los  Angeles  district,  California,  the  Secretary  held 
that  lands  containing  oils  could  not  be  patented  under  the  placer-mining  acts,  for  the 
reason  that  the  acts  did  not  originally  contemplate  the  ertenaion  of  their  provisions  to 
lands  of  this  character.  It  has  never  been  held  by  any  authority  that  the  provisions  of 
the  placer  acts  were  not  adequate  to  meet  the  conditions  surrounding  the  development 
of  mineral  oils.  The  effect  of  the  above-cited  decision  of  August  27,  1896,  is  to  pre- 
clude the  possibility  of  obtaining  title  to  lands  containing  oils,  and  as  there  are  large 
areas  of  such  lands  in  various  of  the  public-land  States,  and  as  upon  theae  lands  in 
many  instances  large  expenditures  have  already  been  made,  and  as  it  is  manifestly  for 
the  public  good  that  there  should  be  some  provision  whereby  these  lands  may  be  held 
and  patented,  the  committee  believe  this  bill  should  pass." 

Secretary  Hoke  Smith,  in  the  Union  Oil  Co.  deciaion  of  Aug.  27,  1896, 
to  which  the  committee  refers,  is  by  no  means  so  convincing  as  is  the  report 
just  quoted  as  to  the  previous  practice  of  the  Department.  He  states, 
with  regard  to  the  extension  of  the  placer  Act  to  cover  petroleum  (23 
L.D.,228): 

"  But  the  subject  has  been,  indirectly  at  least,  before  the  Department  several  times, 
and  while  it  has  never  been  definitely  decided,  so  far  as  I  can  asoertain,  yet  there  seems 
to  have  grown  up  the  idea  tliat  the  rule  prevails.  An  examination  of  the  oases,  how- 
ever, will  demonstrate  the  fact,  I  think,  that  there  is  no  precedent  for  such  belief." 

After  considering  the  various  cases  theretofore  decided  bearing  more 
or  less  directly  upon  the  question,  he  concludes: 

"I  am  unable  to  agree  that  it  falls  within  the  contemplation  of  the  mineral  laws, 
and  that  it  may  be  located  and  entered  as  a  placer  mine." 

A  reading  of  the  cases  cited  by  Secretary  Smith  shows  that  the  specific 
question  of  whether  or  not  petroleum-bearing  lands  are  properly  enterable 
under  the  placer  Act  was  in  no  case  definitely  and  squarely  decided, 
although  some  of  the  cases,  and  particularly  that  of  the  Piru  Oil  Co. 
(16  L.  D.,  117),  imply  that  such  entry  might  with  propriety  be  made. 
A  letter  by  Secretary  Bliss  to  the  Commiasioner  of  the  Land  Office  under 
date  of  Nov.  6,  1897,  reviewing  the  Union  Coal  Co.  case  (25  L.  D.,  351), 
explains  this  dearth  of  specific  decisions  on  the  point  as  follows  (p.  354) : 

"  From  an  examination  of  the  records  of  your  office,  which  I  have  caused  to  be  made, 
it  is  ascertained  that  ever  since  the  circular  of  July  15,  1873,  until  the  date  of  the  ded- 
sion complained  of,  the  practice  of  allowing  entry  and  patent  for  lands  chiefly  valuable 
for  their  deposits  of  petroleum,  under  the  law  and  regulations  relating  to  placer  olaims, 
has  been  continuous  and  uniform.     Under  this  practice  a  large  number  of  patents  have 
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been  issued,  and  very  large  &nd  valuable  property  interesto  have  been  aoquired.  Until 
the  dedsion  in  this  case,  the  correotnesB  of  the  practice  does  not  appear  to  have  been 
questioned,  and  for  that  reason  no  ease  distinctly  presenting  such  a  question  ever 
reached  this  Department." 

It  is  interesting  to  note  that  as  early  as  Mar.  17,  1865,  the  Commis- 
sions of  the  General  Land.Office  wrote,  in  response  to  an  inquiry  by  the 
local  land  officers  at  Humboldt,  Cal.: 

"  It  is  not  the  policy  of  the  Government  to  deal  with  petroleum  tracts  as  ordinary 
public  lands,  any  more  than  with  auriferous  or  other  mineral  or  saline  lands.  Benoe, 
you  will  report  the  exact  description  of  any  and  all  tracts  strictly  of  the  character  you 
mention,  and  will  withhold  the  same  from  disposal  by  the  Government,  unless  other- 
wise specially  instructed." 

The  history  of  the  matter  in  reality  begins  with  the  discovery  of  gold 
in  California  in  184S.  Prior  to  that  time,  and  for  many  years  thereafter, 
there  was  no  law  providing  for  the  acquisition  of  title  to  mineral  lands  on 
the  public  domain,  with  the  exertion  of  special  Acts  providing  for  the 
sale  of  lands  in  the  middle  West  valuable  for  ores  of  the  baser  metals. 
The  development  in  California  and  adjacent  parts  of  Nevada  of  a  mining 
industry  involving  a  large  and  heter(^eneous  population  necessitated 
some  code  of  rules  to  govern  and  guide  the  vast  and  intense  mining  activ- 
ities. The  Federal  govemraent  failii^  to  provide  such  a  code,  and  there 
being  no  State  or  Territorial  government,  the  miners  of  the  various 
districts  formulated  and  enforced,  with  greater  or  less  definiteness  and 
rigidity,  local  rules  founded  on  the  customs  which  had  grown  up  by  com- 
mon consent  in  the  interest  of  justice  and  fair  play.  These  local  regu- 
lations obviously  could  not  provide  for  acquiring  title  from  the  United 
States,  but  they  did  prescribe  the  size  of  the  claim,  the  method  of  locating 
and  marking  it,  and  the  amount  of  assessment  work  necessary  to  hold  it. 
The  common  underlying  theory  of  these  local  rules  in  all  the  districts  was 
tbat  discovery  of  mineral  is  the  one  fundamental  prerequisite  to  the  estab- 
Ibhment  of  a  right  or  title.  After  the  State  of  California  was  admitted 
to  the  Union  both  the  legislature  and  Congress  recognized  the  local 
codes  as  governing  when  not  in  conflict  with  the  statutes  or  laws  of  the 
State.  Recognition  of  the  district  rules  was  also  accorded  by  the  Federal 
courts  and  by  the  Land  Department  (Lindley  on  Mines,  pp.  72  and  73, 
cases  cited  iA  footnotes). 

It  was  not  until  July  26,  1866,  that  a  Federal  law  was  passed  govern- 
ing the  mining  industry  of  the  public  domain.  This  Act  (14  Stat.,  251) 
recognized  and  continued  the  local  codes  so  far  as  not  in  conflict  with  the 
laws  of  the  United  States,  and  provided  for  the  granting  of  title  in  fee 
to  veins  or  lodes  of  quartz,  or  other  rock  in  place,  bearing  gold,  stiver, 
cinnabar,  or  copper.  Strangely  enough,  the  Act  of  1866  made  no  pro- 
vision for  the  acquisition  of  title  to  placer  claims,  and  to  remedy  this 
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omiasioD  Coogresa  passed  the  so-called  placer   Act  of  July  9,    1S70 
(16  Stat.,  217),  amending  the  Act  ot  1866  by  providing: 

"That  claims  usually  called  'placera'iDcIudingaUfomiBof  deposit  excepting  veins 
of  quarts,  or  other  rock  ia  place,  shall  be  subject  to  entry  aud  patent  under  thia  act, 
under  like  circumstances  and  coaditions,  and  upon  similar  proceedings  as  are  provided 
for  vein  or  lode  claims;  ..." 

The  lode  lav  of  1866  was  replaced  by  the  general  mining  Act  of  May 
10,  1872  (17  Stat.,  91),  which  modified  the  procedure  necessary  to  obtain 
patent  to  lode  claims,  emphasized  the  necessity  of  discovery  as  a  pre- 
requisite to  location,  and  provided  that  the  Act  of  July  9,  1870,  should 
remain  in  force  except  as  modified  by  the  changes  made  in  the  lode  law. 
Section  10  of  the  Act  is  in  part  aa  follows: 

"That  the  act  entitled  'An  act  to  amend  an  act  granting  the  right  of  way  to  ditch 
and  canal  owners  over  the  public  lands,  and  for  other  purposes,'  approved  July  ninth, 
eighteen  hundred  and  seventy,  shall  be  and  remain  in  full  force,  except  as  to  tne  pro- 
ceedings to  obtain  a  patent,  which  shall  be  similar  to  the  proceedings  prescribed  by 
Sections  6  and  7  of  this  act  for  obtaining  patents  to  vein  or  lode  claims." 

I  The  Acts  of  1872  and  of  1870  were  incorporated  into  the  Revised 
Statutes  and  are  the  mining  law  of  the  present  day.  Thus  Sect'on 
2329  provides: 

"Claims  usually  called  'pUoers,'  including  all  forma  of  deposit,  excepting  veins  of 
quarts,  or  other  rock  in  place,  shall  be  subject  to  entry  and  patent,  under  like  circum- 
stances and  conditions,  and  upon  similar  proceedings,  as  are  provided  for  vein  or  lode 
clainiB;  but  where  the  lands  have  been  previously  surveyed  by  the  United  States,  the 
entry  in  its  exterior  limite  shall  tnnform  to  the  legal  subdivisions  of  the  public  land." 

The  language  of  this  section  and  of  the  Act  of  1870,  from  which  it 
was  taken,  is  sufiiciently  comprehensive  to  cover  all  the  minerals  known, 
or  ever  to  become  known,  to  man.  There  is,  however,  nothing  in  the 
debates  in  Congress  to  indicate  that  the  sweeping  words  "all  forms  of 
deposit"  were  adopted  with  the  intention  of  including  minerals  not 
then  important  but  later  to  become  so.  The  debates  in  both  houses  of 
Congress  indicate  that  the  placer  Act  was  passed  for  the  purpose  of  grant- 
ing title  to  the  gold-placer  claims  of  the  far  West,  and  that  the  all-in- 
clusive wording  was  adopted  as  the  easiest  way  to  distmgutsh  these 
claims  from  so-called  quartz  claims.  It  was  the  result  not  of  a  far- 
sighted  attempt  to  include  other  minerals  which  might  later  become  of 
importance,  but  of  a  failure  to  foresee  or  to  consider  the  possibility  that 
such  minerals  might  be  discovered  and  be  included  within  the  all-em- 
bracing language.  The  speeches  by  Senator  Stewart,  of  Nevada,  who 
piloted  the  bill  through  the  Senate,  and  by  Mr.  Sargent,  of  California, 
who  introduced  it  in  the  House,  embody  the  only  reasons  advanced  on 
the  floor  of  Congress  for  the  passage  of  the  Act,  Senator  Stewart  thus 
stating  its  object  (Congressional  Globe,  4 1st  Congress,  2d  session,  p.  3054, 
vol.  xci) : 
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"The  &ct  (of  1866)  proposed  to  extend  the  principle  of  the  preemption  lawe  to 
qu&rti  vflinH.  I  wish  to  say  to  the  Senate  that  the  act  hu  been  in  operation  now  four 
years,  and  so  far  a«  quarts  veins  bxo  oonoerned  it  has  proved  very  benefici&l.  The  pur- 
pose of  this  bill  ie  to  extend  it  to  plaoer  mines.  There  was  a  difficulty  at  that  Ume  in 
extending  it  to  placer  mines,  bo  as  to  give  homes  to  those  who  have  worked  at  the 
diggings  of  the  foothills  of  California  and  elsewhere  where  there  were  plaoer  mines. 
They  got  no  title,  and  they  cannot  prosper  for  that  reason.  They  have  got  little 
oroharde  and  little  homes,  and  we  wast  them  to  get  title  to  their  property.  They  have 
a  placer  mine  where  they  can  work  a  little  in  the  winter,  perhaps  get  a  few  dollars  to 
keep  along,  and  then  they  have  a  little  orchard  and  they  want  one  hundred  and  sixty 
acres  of  this  land.  Now,  for  the  purpose  of  allowing  them  to  get  these  homes  the  bill 
extends  the  principle  of  preemption  to  these  worn-out  plaoer  diggings.  That  is  the 
object  of  the  bill." 

The  remarks  of  Mr.  Sargent  in  the  House  are  much  more  extensive 
than  those  of  Senator  Stewart  in  the  Senate,  and  dwell  at  length  upon 
the  aituatioQ  in  the  gold-placer  districts  in  California,  and  to  a  less  extent 
in  Colorado.  His  discussion  is  confined  to  the  gold  placers,  without 
reference  to  the  possibility  of  other  minerals,  and  his  constant  ref- 
erences to  the  manner  and  difficulty  of  finding  placer  gold  and  to  the 
desirability  of  granting  title  to  gold  deposits  only  emphasize  the  com- 
pleteness with  which  his  mind  was  filled  with  the  thought  of  his  mineral, 
to  the  exclusion  of  all  others.  It  is  interesting  to  note  that  Mr.  Sat^ent's 
principal  argument  is  that  the  granting  of  title  to  placer  claims  would 
attach  the  migratory  miner  to  the  land,  and  would  give  a  permanence 
similar  to  that  of  agricultural  communitieB  to  the  mining  camps.  His 
attitude  is  only  feebly  indicated  by  the  following  quotations  from  his 
speech  of  Mar.  18,  1870  {Congressional  Globe,  4l3t  Congress,  2d  session, 
p.  2028,  vol  xc) : 

"In  July,  1866,  Congress  passed  a  law  by  which  the  holders  of  quarti  mining  claims 
could  purchase  their  elaims.  It  extended  the  principle  of  the  preemption  laws  and 
rec(%niied  the  possession  of  miners  so  far  as  quarts  mines  were  oonoerned.  .  .  .  The 
proposition  of  this  bill  is  to  extend  the  principles  of  that  act.  .  .  .  We  propose  by 
this  bill  to  allow  the  placer  miner  who  owns  a  limited  quantity  of  land  under  mining 
customs  to  come  before  the  land  office  and  make  proof  of  his  possession,  and  having  so 
done  to  the  satisfaction  of  the  Ooveroment,  and  shown  that  there  is  no  adverse  claim 
whatever,  that  then  he  shall  pay  double  the  minimum  price  for  his  claim  and  have  a 
patent  for  it.  .    .    . 

"...  TTie  effeot  of  it  will  be  that  our  mining  population  will  be  attached  to  the 
soil,  that  they  will.beohaugedfromthenomadic,  wandering  character  which  they  now 
have  to  settled  communities." 

Although  Congress  so  evidently  had  in  mind  only  gold  placers,  the 
I/and  Department  seemingly  had  no  hesitancy  in  applying  the  ap- 
parently comprehensive  language  to  other  minerals,  among  them  being 
oil.  On  July  15,  1873,  Commissioner  Drummond  of  the  General  Land 
Office  issued  a  circular  in  which  he  stated  (Copp's  Mineral  Lands,  p.  61) : 

"  TtxB.t  whatever  is  recognised  as  a  mineral  by  the  standard  authorities  on  the  sub- 
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ject  .    .    .  shouldbe  treated  by  thifl  office  as  coming  within  the  purview  of  the  inuiiD|[ 

act  of  May  10,  1872,  " 

and 

"That  lands  valuable  on  account  of  borax,  carbonated  soda,  nitrate  o[  soda,  sul- 
phur, alum,  and  asphalt,  as  well  as  'all  valuable  mineral  deposits,'  may  be  applied  for 
and  patented  under  the  provisions  of  the  mining  act  of  May  10,  1872," 

On  Jan.  30,  1S75,  Commissioner  Burdett,  in  response  to  a  specific 
inquiry  as  to  whether  or  not  land  yielding  petroleum  might  be  patented 
under  the  mining  Acts,  wrote  (1  Copp's  Land  Ovmer,  179;  Sickles  Mining 
Laws,  491): 

"Petroleum  claims  may  be  entered  and  patented  under  the  mining  act  of  May  10, 
1872,  upon  full  compliance  with  the  provisions  and  requirementa  of  said  act." 

According  to  the  report  of  the  House  Public  Lands  Committee  already 
quoted  {Congressional  Record,  vol,  xxix,  p.  1409),  the  first  patent  to  an  oil 
claim  was  issued  Mar.  22,  1880,  for  mineral  entry  No.  18,  Los  Angeles 
district,  California.  Further  inquiries  appear,  however,  to  have  been 
raised,  for  under  date  of  Mar.  31,  1882,  Commissioner  McFarland 
expressed  himself  rather  emphatically  (9  Copp's  Land  Ovmer,  51) : 

"Zjands  containing  depodte  of  petroleum  have  been  entered  as  placers  and  patented 
as  such.  Your  inquiries  are  fully  answered,  therefore,  by  stating  that  landa  of  that 
character  are  subject  to  entry  and  disposal  according  to  the  law  and  regulations  reiai- 
ing  to  placer  claims," 

It  will  be  noted  that  these  rulings  were  all  by  the  Land  Office  anti 
were,  therefore,  subject  to  review  by  the  Secretary  of  the  Interior.  Al- 
though the  Department  must  have  acquiesced  in  the  matter,  there  ap- 
pears to  be,  as  already  pointed  out,  no  case  in  which  the  Secretary  passed 
squarely  upon  the  question  until  the  adverse  decision  of  Aug.  27,  1896. 
which  resulted  in  the  Act  of  Feb.  11,  1897,  definitely  extending  the  placer 
law  to  oil  lands. 

Provisions  of  the  Law 

Having  thus  examined  into  the  origin  of  the  placer  law  and  its  applica- 
tion to  petroleum,  the  reasons  for  its  various  provisions  become  apparent. 

The  most  important  requirement  is  that  a  discovery  of  mineral 
must  be  made  before  possessory  rights  attach.  This  principle,  which. 
as  we  have  already  &een,  was  fundamental  in  the  miners'  codes,  was 
adopted  into  those  codes  from  the  Spanish  and  Mexican  law.  Section 
2329  of  the  Revised  Statutes  provides  for  placer  claims  "under  like 
circumstances  and  conditions  and  upon  similar  proceedings"  to  those  for 
lode  claims.  Section  2320  provides  that  "no  location  of  a  mining  claim 
shall  be  made  until  the  discovery  of  a  vein  or  lode  within  the  Uniit,s  of 
the  claim  located." 

Lindley  summarizes  the  law  on  the  subject  as  follows  (Lindley  on 
Mines,  pp.  779  and  781) : 
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"  Discovery  ia  juat  aa  eeaentkl  in  cose  of  placers  as  it  is  in  lode  locations.  The 
supreme  court  of  California  at  one  time  expressed  the  view  that  neither  the  federal 
laws  nor  the  local  rulea  and  cuBtoms  of  miners  required  that  a  discovery  should  be  made 
aa  ft  prerequisite  to  a  placer  location,  but  this  is  obviously  a  mere  dictum;  it  is  also 
opposed  to  the  current  of  judicial  authority.  The  land  department  has  uniformly 
held  that  disoovery  ia  essential  in  the  caae  of  placers,  going  so  far  at  one  time  as  to  hold 
that  such  discovery  was  essential  in  each  twenty-«cre  tract  within  a  location  of  one 
hundred  and  sixty  acres  located  by  an  association  of  persons. 

"  In  the  case  of  petroleum  deposits  the  courts  in  California  have  in  recent  years  been 
confronted  with  some  serious  problems  upon  the  subject  of  what  constitutes  a  sufficient 
discovery  which  will  sanction  a  location  of  a  claim  to  oil  lands  under  the  laws  applicable 
to  placers.  It  is  well  imown  that  the  natural  habitat  of  this  class  of  mineral  hydrocar- 
bouB  is  in  stratified  roclts  some  distance  below  the  surface,  and  except  for  the  occasional 
appearance  at  the  surface  in  the  form  of  oil  seepages,  springs,  or  other  indications  of  the 
subterranean  existence  of  petroleum,  there  is  nothing  to  guide  the  miner  in  making 
liis  location.  It  requires  more  or  leaa  extensive  development  in  the  nature  of 
well  boring  and  pTospecting  to  determine  the  nature,  extent,  and  permanency 
of  the  deposit. 

"Of  oourae,  exploitation  on  adjacent  lands  might  raise  a  strong  preaumption  that  a 
given  tract  contained  petroleum.  An  oil-producing  well  within  each  of  four  sections  of 
land  surrounding  a  fifth  would  produce  a  conviction  that  the  oil  deposit  was  underneath 
the  fifth  section.  This  fact  might  justify  the  land  department  in  classifying  tlie  sec- 
tion in  the  category  of  mineral  lands,  or  the  government  surveyor  in  returning  it  as 
such,  but  it  would  not  dispense  with  the  necessity  of  making  a  discovery." 

The  only  essential  to  a  valid  location  in  addition  to  a  discovery  of 
mineral  is,  so  far  as  the  Federal  law  is  concerned,  that  the  claim  be  "  dis- 
tinctly marked  on  the  ground  so  that  its  boundaries  can  be  readily 
traced"  (R.  S.  2324).  In  many  instances  State  laws  and  local  regulations 
prescribe  other  requirements,  such  ss  posting  a  location  notice  on  the 
claim  and  the  recording  of  the  location  with  a  specified  district  or  county 
officer.  Once  these  requirements  havebeen  met  the  locator  has  "the 
exclusive  right  of  possession  and  enjoyment  of  all  the  surface  included 
within  the  lines"  of  his  claim  (R.  S.  2322).  The  claim  may  comprise- 
20  acres  if  located  by  an  individual  or,  if  made  by  an  association,  20 
acres  for  each  member  thereof  (R.  S,  2321),  but  in  no  case  may  it  exceed 
160  acres  {R.  S.  2320).  There  is  no  limit  upon  the  number  of  claims 
which  may  be  located  by  a  single  individual  or  association. 

Having  complied  with  all  the  requirements  necessary  to  a  valid 
location  and  having  thus  become  entitled  to  exclusive  right  of  possession, 
the  claimant,  in  order  to  continue  the  right,  must  expend  not  less  than 
$100  worth  of  labor  or  improvements  upon  the  claim  during  each  year 
(R.  S.  2324).  The  requirement  of  development  work  as  a  condition  of 
continued  possession  of  mining  property  was,  like  the  discovery  require- 
ment, incorporated  into  the  local  regulations  from  the  mining  laws  of 
Spain  and  Mexico.  Failure  to  perform  the  required  assessment  work 
forfeits  the  right  to  exclusive  possession  and  the  claim  becomes  "open  to 
relocation  in  the  aame  manner  as  if  no  location     .    .    .   had  ever  been 
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made"  (R.  S.  2324).  The  preseat  law  gives  the  claimant  until  the  end 
of  the  calendar  year  succeeding  his  location  in  which  to  perform  his  first 
assessment  work  (21  Stat.,  61),  and  thereafter  the  calendar  year  is  the 
period  for  which  such  work  is  required. 

If  the  claimant  has  made  a  valid  discovery  and  has  expended  not  less 
than  $500  worth  of  labor  or  improvements  upon  the  claim  (R.  S.  2325), 
be  is,  upon  compliance  with  certain  requirements  as  to  posting  notices, 
publication,  survey  (R.  S.  2325),  and  upon  payment  of  $2.50  an  acre 
(R.  S.  2333),  entitled  to  a  patent  conveying  a  title  in  fee  to  the  area 
covered  by  his  claim.  The  right  to  patent  may  also  be  earned  by  holding 
and  working  a  placer  claim  for  the  period  prescribed  by  the  statute  of 
limitations  of  the  State  in  which  the  claim  is  situated  (R.  S.  2332),  but 
this  right  is  rather  infrequently  exercised,  is  not  of  especial  importance 
to  the  present  discussion,  and  will  not  hereinafter  be  considered. 

It  is  evident  that  there  are  three  stages  of  development  of  the  title 
which  a  claimant  under  the  placer  law  acquires  to  the  land  included 
within  his  cl^m:  First,  the  period  between  his  physical  occupation  of 
the  claim  and  his  making  location;  second,  the  period  between  his 
location  and  patent;  and  third,  the  period  after  patent. 

The  third  case  requires  no  discussion.  The  patent  is  a  grant  of  title 
in  fee  simple,  good  against  the  grantor  and  all  adverse  claimants,  and 
subject  to  attack  only  upon  the  ground  of  fraud. 

The  character  of  title  during  the  period  between  location  and  patent, 
while  by  no  means  clearly  or  consistently  defined  by  the  courts,  is  never- 
theless such  as  to  protect  the  claimant  in  the  exclusive  possession  and 
enjoyment  of  his  claim  so  long  as  he  performs  his  annual  assessment 
work  and  complies  with  State  and  local  r^ulations.  Lindley  in  review- 
ing the  character  of  this  estate  says  (Lindley  on  Mines,  p.  892) : 

"Prior  to  the  issuance  of  a  patent  the  locator  cannot  be  said  to  own  the  fee-aimple 
title.  The  fee  resides  in  the  general  government,  whose  tribunab,  spedalty  charged 
with  the  ultimate  conveyance  of  the  title,  must  pass  upon  the  qualifications  of  the  loca- 
tor and  his  complianoe  with  the  law.  Yet,  as  between  the  locator  and  every  one  else 
save  the  paramount  proprietor,  the  estate  aoquired  by  a  perfeotod  mining  locaUoo 
poaseases  all  the  attributes  of  a  title  in  fee,  and  so  long  as  the  requirements  of  the  taw 
with  reference  to  continued  development  are  satisfied,  the  character  of  the  tenure 
remains  that  of  a  fee.  As  between  the  locator  and  the  government,  the  former  is  the 
owner  of  the  beneficial  estate,  and  the  latter  holds  the  fee  in  trust,  to  be  conveyed  to 
such  beneficial  owner  upon  his  application  in  that  behalf  and  in  compliance  with  the 
terms  prescribed  by  the  paramount  proprietor." 

It  should  be  borne  clearly  in  mind  and  cannot  be  too  stroi^y  em- 
phasized that  this  character  of  r^ht  and  title  is  present  only  after  loot- 
tion  and  that  no  location  can  be  made  unless  founded  upon  discovery. 
Unless  he  has  made  discovery  no  amount  of  development  work  and  no 
compliance  with  other  Federal,  State,  or  local  requirements  (except  that 
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of  possession  and  work  for  the  period  prescribed  by  the  statute  of  iimt- 
tations;  K.  S.  2332)  will  confer  upon  the  alaimant  an  equitable  title  as 
against  the  government  or  a  tenure  in  the  nature  of  a  fee  against  others. 
As  against  the  government,  the  mineral  claimant  who  has  made  no  dis- 
covery has  in  fact  no  title  whatever,  either  l^al  or  equitable.  Nether 
has  he  any  vestige  of  title  agunet  strangers  ao  f ar  as  the  Federal  laws  are 
conc«*ned.  He  is  not  brfore  the  Department  until  he  has  made  dis- 
covery of  mineral  on  which  to  found  a  location.  Consequently  the 
Department  cannot,  even  if  it  would,  protect  him  against  intruders  upon 
bis  occupancy  or  violators  of  his  possession.  He  has,  however,  been 
granted  some  measure  of  protection,  none  too  clearly  defined,  by  the 
courts,  and  the  measure  of  this  protection  is  a  matter  of  great  concern 
to  the  prospector  for  deep-seated  deposits.  How  far  will  the  courts 
safeguard  his  occupancy  and  possession  prior  to  discovery  against,  first, 
agricultural  claimants,  and  second,  other  mineral  citumants? 

The  leading  case  upon  the  rights  of  a  mineral  occupant  against  an 
agricultural  claimant  is  Cosmos  Ebcploration  Co.  vs.  Grey  Eagle  Oil  Co. 
(112  Fed.,  4).  In  this  case,  which  was  afi&rmed  by  the  Supreme  Court 
of  the  United  States,  although  this  point  was  not  specifically  mentioned 
(190  U.  S.,  310),  it  is  stated  that  the  defendants  had  made  "pretended 
placer  mining  locations"  upon  the  land  in  controversy  but  bad  made 
no  discovery,  that  thereafter  complainant  selected  this  land  in  lieu  of 
certain  lands  in  the  national  forest  under  the  Act  of  June  4,  1897  (36 
Stat.,  11,  36),  which  provides  for  the  selection  of  "vacant  land  open 
to  settlement,"  and  that  subsequently  defendants  discovered  oil  in  paying 
quantities.  The  Circuit  Court  of  Appeals  of  the  ninth  circuit  held 
(syllabus) : 

"lAnd  was  not 'vaoact  and  opoi  to  settlement,' and  subject  to  selection  under  Buoh 
act,  where  at  the  time  of  the  application  it  wM  in  the  aotuol  ocoupancy  of  others 
engaged  in  exploring  it  for  oil,  under  oil  placer  mining  locations  previously  made  by 
them,  although  such  locations  did  not  appear  by  the  records  of  the  looal  land  office, 
and  although  they  were  not  valid  as  against  the  United  StatM,  because  there  had  been 
no  previous  discovery  of  oil  on  the  land,  where  the  locators  prosecuted  the  work  of 
exploration  with  due  diligence,  and  with  theTeeult  of  disoovering  oil  in  paying  quanU- 
ties  before  the  selection  by  the  appUoant  under  the  forest  reserve  aot  had  been  approved 
by  the  land  department.  Until  by  such  approval  an  applicant  is  vested  with  the  equi- 
table title  to  the  land,  it  remains  subject  t«  exploration  for  minerals  under  the  mining 
laws;  and,  while  lawfully  occupied  by  one  engaged  in  making  such  eitploration,  it  is  not 
'vacant'  within  the  meaning  of  the  act;  nor  is  it  open  to  settlement  where,  as  the 
result  of  such  exploration,  its  mineral  character  is  established,  while  the  title,  both  1^^ 
and  equitable,  remains  in  the  United  States." 

It  should,  however,  be  noted  that  while  imder  this  decision  the 
prospector  proceeding  in  good  faith  to  explore  for  minerals  is  protected 
against  adverse  agricultural  claimants,  there  is  nothing  of  record  in  the 
Land  Office  to  show  that  the  land  which  he  occupies  is  not  "vacant  and 
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Open  to  settlement,"  and  such  ^ricultural  filings' are  likely  to  be  mado 
at  any  time,  subjecting  him  to  the  expense  of  maintaining  contest  pro- 
ceedings before  the  Land  Department  or  the  courts.  It  may  also  be 
worthy  of  note  that  some  importance  seems  to  be  attached  to  the  fact  that 
oil  was  discovered  before  the  agricultural  selection  had  been  approved. 

That  a  measure  of  protection  is  afforded  against  adverse  mineral 
claimants  who  attempt  by  forcible,  fraudulent,  or  surreptitious  means 
to  violate  the  possession  of  a  mineral  occupant  proceeding  in  good 
faith,  is  held  by  Miller  vs.  Chrisman  (140  Calif.,  440),  in  which  Mr. 
Justice  Henshaw  says: 

"It  IB  to  be  remembered  that  it  is  not  osaential  to  the  validity  of  a  location  that  the 
discovery  shall  have  proceeded  or  shall  coexist  with  the  posting  of  the  notice  and  the 
demarcation  of  boundaries.  The  discovery  may  be  made  subsequently,  and  when 
made  operates  to  perfect  the  location  against  all  the  world,  saving  thme  whose  bona 
fide  rights  have  intervened.  One  who  thus  in  good  faith  makes  his  location,  remains  in 
possession,  and  with  due  diligence  prosecutes  his  work  toward  a  discovery,  is  fully 
protected  against  all  forms  of  forcible,  fraudulent,  HUireptitious,  or  clandestine  entries 
and  intrusions  upon  his  posBession.  Such  entry  must  always  be  peaceable,  open  and 
above  board,  and  made  in  good  faith,  or  no  right  can  be  founded  upon  it.  (Belk  vs. 
Meagher,  104  U.  S.,  279;  Atherton  vs.  Fowler,  96  V.  8.,  513;  Nevada  Sierra  Oil  Co. 
vs.  Home  OU  Co.,  98  Fed.,  673.)" 

And  further: 

"It  further  appears  that  certain  valuable  rights  become  the  property  of  such  loca- 
tors even  before  discovery.  They  have  the  right  of  possession  against  all  intrudera 
(Gartheva.  Hart,  73  Cal.,  541),  and  they  may  defend  this  possession  in  the  courts. 
(Richardson  vs.  McNuIty,  24  Cal.,  339.)  They  have  then  this  r^ht  of  possession  and 
with  it  the  right  to  protect  their  possession  against  all  illegal  intrusions,  and  to  work 
the  land  for  the  valuable  minerals  it  is  thought  to  contain.  We  cannot  perceive  why 
these  rights  may  not  in  good  faith  be  made  the  subject  of  conveyance  by  the  assoinatcs 
a?  well  before  as  after  discovery." 

Although  it  would  thus  appear  that  a  mineral  claimant  prior  to  discov- 
ery may  not  be  ousted  from  his  possession  by  force  or  fraud,  it  has  been 
held  repeatedly  that  his  possession  is  not  good  against  that  of  an  adverse 
claimant  who  enters  upon  the  land  in  good  faith  and  in  compliance  with 
the  law  and  proceeds  to  make  a  discovery.  The  quotations  from  Miller 
vs.  Chrisman  just  given  confirm  this  by  implication  and  cite  among  others 
the  case  of  Garthe  vs.  Hart  (73  Cal.,  541).  In  this  case  the  court  below 
has  instructed  the  jury  as  follows: 

"As  I  said,  there  is  still  another  way  by  which  a  miner  in  this  atat«  may  acquire  a 
right  to  the  possession  of  a  pieoe  of  mining  ground.  It  is  by  taking  possession  of  it  and 
clearly  de&nmg  the  boundaries  so  that  they  may  be  readily  traced,  and  holding  such 
possession,  keeping  such  possession." 

The  appellate  court  reversed  the  lower  court  on  this  andother  grounds, 

saying  inter  alia: 
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"In  the  hun?  of  the  trial,  the  learned  judge  evidently  overlooked  the  distinction 
between  the  right  of  a  party  in  poeseaaion  aa  against  mere  intruders,  and  his  right  as 
agaJDHt  one  who  has  complied  with  the  mining  laws.  Possession  is  good  against  mere 
intruders  (Attwood  v.  Fricot,  17  Cal.  37;  S,C.,  76  Am.  Sec.  567;  English  v.  Johnson, 
17  Cal.  115;  8.C.,  76  Am.  Dec.  574;  Hess  v.  Winder,  30  Cal.  355;  Golden  Fleece  Co. 
V.  Cable  Con.  Co.,  12  Nev.  321,  322) ;  but  it  is  not  good  as  against  one  who  has  complied 
with  the  mining  laws.      (Du  Prat  v.  James.  65  Cal.  556,  557.}" 

In  Miller  vs.  Chrisman,  supra,  the  Supreme  Court  also  cited  the  lead- 
ing case  of  Belk  vs.  Meagher  (104  U.  S.,  279).  Ib  this  case,  which  b  not 
as  clear  or  simple  as  m^ht  be  wished,  the  facts  were  stated  to  be  as 
follows  (syllabus): 

"A.  entered  Dec.  1ft,  1876,  upon  a  claim  not  then  in  the  actual  poBaesaioii  of  any 
one,  but  covered  by  a  valid  and  subsisting  location  which  did  not  expire  until  the  first 
day  of  January  thereafter.  Between  the  date  of  his  entry  and  Feb.  21,  1877,  he  made 
no  improvements  or  enclosure,  and  did  a  very  small  amount  of  work,  hut  had  no  other 
title  than  such  as  aroeefrom  hia  attempted  location  of  the  claim  and  his  occasional  labor 
upon  it.  On  the  last-mentioned  date  B.  entered  upon  the  property  peaceably  and  in 
good  faith,  and  did  all  that  was  required  to  protect  his  right  to  the  exclusive  possession 
thereof.  A.  brought  ejectment  October  25, 1877.  Held,  that  A's  entry  and  labor  did 
not  entitle  him  toapatent  under  sect.  2332,  Kev,  Stat.,  nor  prevent  B's  acquisition  of 
title  to  the  claiin.  .    ,    ." 

The  court  through  Mr.  Chief  Justice  Waite  said: 

"  No  one  contends  that  .the  defendants  affected  their  entry  and  secured  their  relo- 
cation by  force,  Hiey  knew  what  Belk  had  done  and  what  he  was  doing.  He  had  no 
right  to  the  possession,  and  was  only  on  the  land  at  intervals.  There  was  no  enclosure, 
and  he  had  made  no  improvements.  He  apparently  exercised  no  other  acts  of  owner- 
ship, after  January  I,  than  every  explorer  of  the  mineral  land  of  the  United  States  does 
when  he  goes  on  them  and  uses  his  pick  to  search  for  and  examine  lodes  and  veins.  As 
his  attempted  relocation  was  invalid,  hie  rights  were  no  more  than  those  of  a  simple 
explorer.  In  two  months  he  had  done,  as  he  himself  says,  'no  hard  work  on  the  claim,' 
and  he  'probably  put  two  days'  work  on  the  ground.'  This  was  the  extent  of  his  pos- 
session. He  was  not  an  original  discoverer,  but  he  sought  to  avail  himself  of  what 
others  had  found.  Relying  on  what  he  had  done  in  December,  he  did  not  do  what  was 
necessary  to  affect  a  valid  relocation  after  January  I.  His  possession  might  have  been 
such  as  would  have  enabled  him  to  bring  an  action  of  trespass  against  one  who  entered 
without  any  color  of  right,  but  it  was  not  enough,  as  we  think,  to  prevent  an  entry 
peaceably  and  in  good  faith  for  the  purpose  of  securing  a  right  under  the  act  of  Congress 
to  the  exclusive  possession  and  enjoyment  of  the  property.  The  defendants  having 
got  into  possession  and  perfected  a  relocation,  have  secured  the  better  right." 

The  court  also  said: 

"  His  ultimate  right  to  a  patent  depended  entirely  on  his  keeping  himself  in  and  all 
others  out,  and  if  he  was  not  actually  in,  he  was  in  law  out.  A  peaceable  adverse 
entry,  coupled  with  the  right  to  hold  the  possession  which  was  thereby  acquired,  oper- 
ated as  an  ouster.  ...  He  hod  made  no  such  location  as  prevented  the  lands  from 
being  in  law  vacant.  Others  had  the  right  to  enter  for  the  purpose  of  taking  them  up,  if 
it  oould  be  done  peaceably  and  without  force.  There  is  nothing  in  Atherton  v.  Fow- 
ler (96  U.  S.,  513)  to  the  oontrary  of  this.  .    .    ." 
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ThiB  doctrine  has  been  followed  in  m&ny  cases  (Lindley  on  Mines, 
p.  375,  cited  in  footnote  No.  2).  In  Thallman  vs.  Thomas  (111  Fed., 
277),  the  Circuit  Court  of  Appeals  for  the  eighth  circuit  said  (Lindley 
on  Mines,  p.  376) : 

mpetent  locator  has  the  right  to  initiate  a  lawful  claim  to  unappropriated 


pubUc  land  by  a  peaceable  adverse  entry  upon  it  while  it  is  in  the  possession  of  tho^ 
who  have  no  superior  right  to  acquire  the  title  or  to  hold  the  poBsession.  .  .  .  Any 
other  rule  would  make  the  wrongful  occupation  of  the  public  laad  by  a  treepaaaer 
superior  in  right  to  a.  lawful  entry  of  it  under  the  acts  of  CJongreas  by  a  competent 
locator." 

In  Grossman  vs.  Pendery  (8  Fed.,  693),  it  was  held  (Lindley  on  Mines, 
pp.  370  and  371): 

"A  prospector  on  the  public  mineral  domain  may  protect  himself  in  the  poesesBlon 
of  his  pedi*  poMtMioni*  while  he  is  searching  for  mineral.  His  possession  so  held  is  good 
a«  a  possessory  title  against  all  the  world,  except  the  government  of  the  United  Stat«a. 
But  if  he  stands  by  and  allows  others  to  enter  upon  his  alum  and  fint  discover  mineral 
in  rock  in  place,  the  law  ^ves  such  first  discoverer  a  title  to  the  mineral  so  first  dis- 
covered,  against  which  the  mere  possession  of  the  surface  cannot  prevail." 

Lindley  summarizes  the  law  of  the  matter  as  follows  (Lindley  on 
Mines,  pp.  378  and  379): 

"  (I)  Actual  possession  of  a  tract  of  public  mineral  land  is  valid  as  against  a  mere 
intruder,  or  one  having  no  higher  or  better  right  than  the  prior  occupant; 

"(2)  No  mining  right  or  title  can  be  initiated  by  a  violent  or  forcible  invasion  of 
another's  actual  occupancy; 

"  (3)  If  a  party  goes  upon  the  mineral  land  of  the  United  States  and  either  estab- 
lishes a  settlement  or  works  thereon  without  complying  with  the  requirements  of  the 
mining  laws,  and  relies  exclusively  upon  his  possession  or  work,  a  second  party  who 
locates  peaceably  a  mining  claim  covering  any  portion  of  the  same  ground,  and  in  all 
respects  complies  with  the  requiremente  of  the  mining  laws,  is  entitled  to  the  possession 
of  such  mineral  ground  to  the  extent  of  his  location  as  against  the  prior  occupant,  who 
is,  from  the  time  said  second  party  has  perfected  his  location  and  oompUed  with  the 


The  principal  question  which  this  leaves  unsettled  is,  what  means 
may  a  prior  occupant  take  and  to  what  extent  may  he  go  in  preventing 
the  peacable  and  open  entry  which  will,  if  it  ripen  into  a  valid  location, 
dispossess  him.  The  answer  to  this  question  does  not  appear  to  be  found 
in  the  court  decisions  nor  does  the  forcible  prevention  of  entry,  in  some 
cases  by  the  threatened  or  actual  use  of  fire-arms,  seem  a  satisfactory 
answer. 

Application  to  Petroleum  Lands 

What  are  the  effects  of  these  various  provisions,  statutory  and 
judicial,  upon  the  development  of  deposits  of  petroleum  on  the  public 
domain?  Is  the  placer  law  as  thus  interpreted  best  from  the  standpoint 
of  the  oil  prospector  and  oil  operator,  and  is  it  wisest  from  the  stand- 
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point  of  tho  government?  What  is  the  net  result  of  applying  a  law  de- 
signed for  stable,  stationary  minerals  occurring  in  easily  accessible  de- 
posits to  a  fluid  mineral  occurring  at  great  depth  below  the  surface  and 
requiring  long-continued  and  expensive  development  work  to  dbcover? 
la  discussing  these  questions,  frequent  reference  will  be  made  to  the  hear- 
ings held  May  13  and  17, 1910,  before  the  Committee  on  the  Public  Lands 
of  the  House  of  Representatives,  upon  H.  R.  24070,  "  A  bill  to  authorize 
the  President  of  the  United  States  to  make  withdrawals  of  public  lands 
in  certain  cases."  The  record  of  these  hearings  will  hereinafter  be 
referred  to  as  "H.  R.  24070." 

Inadeguaie  Proleetion  Prior  to  Discovery 

The  first  weakness  which  presents  itself  when  the  placer  law  is  ap- 
plied to  petroleum  is  the  inadequate  protection  afforded  prior  todiscovery. 
Oil  in  large  quantities  is  seldom,  if  ever,  found  in  nature  on  the  surface  of 
the  ground.  The  natural  laws  under  which  it  accumulates  require  a 
superincumbent  rock  covering  of  considerable  thickness  and  density. 
With  the  exception  of  negligible  quantities  gathered  from  seept^es  and 
springs,  all  the  oil  produced  in  the  United  States  comes  from  wells  of 
greater  or  less  depth,  and  it  is  only  by  means  of  such  wells  that  discovery 
can  be  made.  In  Miller  vs.  Clo'iaman  (140  Calif.,  440)  the  court  says 
on  this  subjoct: 

"To  constitute  ft  discovery,  the  law  requires  something  more  than  conjecture,  hope 
or  even  indications.  The  geological  formation  of  the  country  may  be  such  as  scientific 
research  and  practical  experience  have  ahown  to  be  likely  to  yield  oil  in  paying  quanti- 
tiea-  Taken  with  this,  there  may  be  other  surface  indicatioDS,  such  &s  seepage  of  oil. 
All  these  things  combined  may  be  sufGcient  to  justify  the  expectatioa  and  hope  that, 
Upon  driving  a  well  to  sufficient  depth,  oil  may  be  discovered,  but  one  and  all  they  do 
not  in  &nd  of  themselves  amount  to  a  discovery.  This  view  findssupport  in  the  Nevada 
SaeiTA  Oil  Co.  vs.  Home  Oil  Co.,  98  Fed.  673,  where  the  circuit  court  was  dealing  with 
this  precise  question,  in  regard  to  this  precise  piece  of  land,  under  these  identical  cir- 
cumstances. While  perhaps  it  would  be  stating  it  too  broadly  to  say  that  no  case  can 
be  imagined  where  a  surface  discovery  may  be  made  of  oil  sufficient  to  fill  the  require- 
ments of  the  statute,  yet  it  is  certainly  true  that  no  such  case  has  ever  been  presented 
to  our  attention,  and  that  in  the  Ukture  of  things  such  a.  esse  will  seldom,  if  ever,  occur." 

Thomas  A.  O'Donneil,  of  Los  Angeles,  was  introduced  to  the  Public 
Lands  Committee  of  the  House  of  Representatives  as  "one  of  the  oldest 
operators  in  the  field — that  is,  not  in  point  of  years  but  in  point  of  ex- 
perience. He  is  one  of  our  pioneers  there,  and  is  thoroughly  familiar 
with  all  the-facts."    Mr.  O'Donneil  said  (H.  R.  24070,  p.  5): 

"The  placer  miner,  looking  for  gold,  could  go  along  with  a  shovel  and  turn  over  a 
little  gravel  and  g«t  a  color  of  gold,  and  he  had  then  made  the  necessary  discovery. 
But  our  petroleum  in  California  is  in  many  instances  4,000  ft.  under  the  earth,  and  it 
is  being  developed  sucoessfully  to-day  from  that  depth. 
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"You  Kentlemen  can  readily  see  the  abeolute  necessity  for  the  oil  miner  to  go  upon 
this  land  and  prooeed  to  make  that  discovery.  In  many  instances,  gentlemen,  with 
the  difficulties  that  have  arisen  id  this  development  it  has  taken  years  to  find  out 
whether  a  piece  of  land  was  really  oil  land  or  not  and  to  make  the  discovery  which  u 
necessary  before  you  can  make  application  to  the  I^nd  Department  and  acquire  title 
to  the  land. 

"In  the  case  of  nine-tenths  of  the  government  land  in  California  on  which  men  are 
operating  to-day  there  is  absolutely  no  record  in  the  L^nd  Office  of  their  operations. 
We  cannot  get  near  the  Land  OfRce  until  we  have  made  a  discovery. 

These  discovery  wells  not  only  require  long  periods,  some  of  thfim 
months  or  even  years  to  drill,  but  they  cost  large  sums  of  money.  It 
has  been  estimated  that  the  average  cost  of  each  successful  well  in  the 
State  of  California  within  the  last  year  or  two  has  exceeded  S15,000.  It 
is  no  uncommon  thing  for  a  well  to  cost  over  $50,000.  Thus  the  oil 
operator  must  expend  large  sums  of  money  during  the  months  required 
to  make  a  discovery,  and  until  such  discovery  is  made  he  may  be  dispos- 
sessedand  his  expenditure  lost  if  another  operator  enters  upon  the  land 
(by  other  than  forcible,  fraudulent,  or  surreptitious  means)  and  makes 
prior  discovery.  The  following  colloquy  between  Hon.  Sylvester  C. 
Smith,  Representative  from  California,  and  A,  I,  Weil,  ef  San  Francisco, 
before  the  Public  Lands  Committee  of  the  House  illustrates  the  situation 
(H.  R.  24070,  pp.  7,  8): 

"  Mr.  Smith:  I  think,  however,  you  will  admit  that  this  is  the  state  of  affairs  in 
California:  If  A  goes  on  a  quarter  section,  having  monumented  the  corners  as  a  mininR 
claim,  and  begins  to  drill,  and  B  comes  onto  the  same  quarter  section  and  wants  ro 
'begin  to  drill,  the  courts  will  not  put  B  off. 

"Mr.  Weil:  Oh,  no;  they  will  not  put  him  off. 

"Mr.  Smith:  He  has  the  right  to  go  on  and  begin  to  drill  side  by  side  with  A. 

"The  Chairman:  Yea,  but  what  will  the  court  say  to  B  if  B  makes  the  discovery 

fUBt? 

"Mr.Weil:  That  has  not  been  decided. 

"Mr.  Smith:  My  opinion  is  that  they  are  bound  to  hold  in  his  favor. 

"The  Chairman:  That  is  my  curbstone  opinion. 

"  Mr.  Smith :  Because  he  is  the  man  who  first  unites  a  discovery  with  a  location. 

"Mr.  Smith:  But  the  difficulty  is  this:  A  person  makes  a  location.  He  has  oii 
security  whatever  in  his  tenure. 

"The  Chairman:  Unless  he  works. 

"  Mr.  Smith :  Even  if  he  works  he  has  not,  because  B  may  come  and  sit  down  beside 
him  and  commence  drilling.  Therefore  A,  who  makes  the  first  location,  cannot  go  oul 
and  enlist  capital,  or  does  not  always  feel  like  bringing  his  own  capital  into  the  enter- 
prise, feormg  that  B  may  come  along  and  beat  him  to  the  oil. 

"The  law  ought  to  be  such  that  when  a  man  in  some  proper  manner  obtains  poB- 
sesaioQ  of  a  piece  of  government  land  for  a  purpose  he  can  hold  it  against  the  world 
until  he  has  worked  out  his  purpose.  It  is  not  so  under  this  situation.  A  man  may  go  in 
there  with  ever  so  good  faith  and  stake  out  a  quarter  section  and  put  on  his  rig  and 
begin  to  drill;  and  yet  another  man  or  20  men  can  come  on  the  same  land  and  ait  down 
beside  him  and  begin  to  drtU,  too." 
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Tbat  such  large  amounts  have  been  and  are  being  invested  in  oil 
prospecting  with  no  greater  security  of  title  than  the  placer  law  affords 
vould  seem  to  be  due  solely  to  the  large  percentage  which  the  investment 
returns  if  it  is  successful.  Certainly  the  law,  even  under  the  most 
favorable  court  interpretations,  affords  meager  protection  for  such 
gums,  and  permits  interference  with  and  annoyance  of  the  l^itimate 
prospector  which  amount  to  little  short  of  blackm^l.  Mr.  O'Donnell, 
already  quoted,  refers  to  some  of  the  more  common  practices.  On  p.  7 
of  the  record  he  says  {H.  R.  24070,  p.  7) : 

"It  ia  sometimes  very  hard  to  tell  exactly  where  your  lines  are;  and  it  has  been 
quite  a  trick  on  the  part  of  eome  unscnipulous  persons  to  erect  a  derrick  on  their  own 
property  and  slip  it  across  the  line." 

And  on  p.  10  (H.  R.  24070,  p.  10) : 

"In  many  instances  in  the  little  towns  on  midnight  of  January  1,  almost  all  of  the 
saloon  men,  and  the  men  that  spend  a  great  deal  of  their  time  in  these  towns,  go  out 
and  locate  the  whole  country.  Then  they  come  and  ask  for  a  bonus  from  the  operator, 
from  me,  from  the  driller  that  tries  to  orgaaise  a  little  company  among  his  associates 
and  go  out  to  drill  on  that  land." 

Since  it  ie  clear  that  the  oil  prospector  is  subject  to  the  loss  of  his 
possession  if  an  adver5<e  claimant  tnakes  peaceable  and  open  entry  in  good 
faith  and  discovers  oil,  it  is  to  his  interest  to  prevent  such  peaceable  and 
open  entry.  The  extent  to  which  such  entry  is  prevented  and  the  means 
taken  thereto  seem  to  vary  with  the  field.  As  stated  by  Mr.  O'Donnell 
with  regard  to  California  operators  (H.  R.  24070,  p.  9)  "when  they  were 
in  Intimate  pursuit  of  discovery  they  were  seldom  disturbed."  Never- 
theless instances  are  not  wanting  where  gunmen  have  been  hired  to  pre- 
vent attempts  to  enter  and  occupy  lands  already  being  prospected. 
Neither  is  it  uncommon  to  see  dozens  of  location  notices  put  up  by  dif- 
ferent locators  on  the  same  claim,  each  in  the  hope  that  his  location  will 
be  validated  by  a  diMOvery  or  that  the  courts  will  accord  him  priority 
of  possession.  Such  conditions  inevitably  tend  to  violence  or  litigation 
or  both. 

In  some  of  the  fields,  particularly  in  the  Rocky  Mountain  States, 
almost  any  kind  of  pretended  development  work  appears  sufficient  to 
hold  a  claim  for  an  indefinite  period.  Here  many  subterfuges  have  been 
adopted  by  those  who  wish  to  hold  possession  of  valuable  petroleum 
lands  without  the  expenditure  of  the  large  sums  necessary  to  make  dis- 
covery. Rigs  capable  of  drilling  only  to  a  few  hundred  feet  have  been 
erected  for  the  purpose  of  doing  assessment  work  on  landa  beneath  which 
the  oil  sinds  were  known  to  lie  at  depths  of  thousands  of  feet.  Tunnels 
have  been  dug  in  hillsides  to  tap  oil  springs  or  seeps  in  the  attempt  to 
obtain  inexpensively  enough  oil  to  constitute  a  discovery.  In  at  least 
one  Western  State  lai^  areas  have  been  claimed  for  years  under  assess- 
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ment  work  in  the  shape  of  roada,  some  of  which  make  transportation  to 
the  fields  easier,  and  some  of  which  have  only  the  merit  of  entiuling  the 
expenditure  of  the  required  amouot  of  money.  One  large  area  is  being 
held  under  building-stone  placer  claims,  although  much  of  the  area  is 
covered  by  dune  sand  and  no  building  stoae  of  esperial  value  is  known  in 
the  region.  In  some  of  the  fields  there  are  deposits  of  gypsum  oi-  tair 
quality  upon  the  surface  of  oil  lands  of  great  prospective  value.  Many 
attempts  have  been  made  to  obtain  title  to  these  lands  by  locating  and 
perfecting  gypsum  placers.  The  West  Side  fields  of  the  San  Joaquin 
valley,  California,  are  ornamented  in  places  by  Italian  gardens  carved 
in  the  gypsum  by  humorous  assessment  workers,  and  by  graceful  stair- 
ways  which,  as  has  aptly  been  said,  lead  nowhere  but  to  a  title  to  valuable 
oil  lands. 

A  consideration  of  the<«  various  attempts,  more  or  less  successful, 
to  hold  oil  lands  without  making  or  attempting  to  make  discovery,  and 
the  instances  of  entry  upon  oil  lands  already  being  prospected  for  the 
purpose  of  making  discovery  in  advance  of  the  prior  locator,  would  lead 
to  the  conclusion  that  in  neither  situation  is  the  placer  law  satisfactory. 
If  occupancy  without  discovery  ts  respected,  large  areas  are  withheld 
from  exploration  and  development,  in  some  instances  by  a  single  indi- 
vidual or  group  of  individuals.  If,  on  the  other  hand,  such  occupancy 
is  not  respected,  the  oil  prospector  must  assume  undue  risk  of  the  loss  of 
his  investment  prior  to  discovery. 

Draining  of  Oil  from  Adjacent  Lands 

However,  this  is  by  no  means  the  only  objection,  and  in  reality  is 
not  the  gieatest  objection,  to  the  placer  law  as  applied  to  petroleum. 
Oil  is  a  fluid  which  occurs  saturating  relatively  porous  beds  beneath  the 
earth's  surface.  Like  any  other  liquid,  it  is  subject  to  the  laws  of  gravity, 
hydrostatic  pressure,  and  capillarity,  and  it  is  in  nearly  every  instance 
under  greater  or  less  gas  pressure.  When  a  well  taps  an  oil  sand  and  the  oil 
immediately  around  the  well  is  drawn  off  other  oil  from  greater  distances 
Sows  in  and  is  also  drawn  off.  The  amount  of  oil  under  a  given  tract  of 
land  is  thus  not  a  constant,  as  would  be  the  amount  of  some  solid  mineral. 
It  is  subject  to  change  through  the  opening  of  wells  on  adjoining  tracts, 
or  through  the  flooding  of  the  oil  sands  with  water  from  mishandled  wells. 
It  is  illogical  to  dispose  of  oil  by  the  acre,  for  the  very  apparent  reason 
that  it  may  not  stay  under  a  given  acre  but  may  be  drawn  off  by  w^la  on 
neighboring  acres.  It  is  so  well  established  in  the  law  of  real  properly 
as  to  need  no  discussion  that  fluid  substances  are  the  property  of  the 
person  upon  whose  lands  they  are  brought  to  the  surface,  regardless  of 
whose  lands  they  originally  underlay.  When  oil  or  gas  "escape  and  go 
into  other  land,  or  come  under  another's  control,  the  title  of  the  former 
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own^  is  gone.  If  an  adjoining  owner  drills  bis  own  land  and  taps  a 
deposit  of  oil  or  gas,  extending  under  his  neighbor's  field,  so  that  it  comes 
into  his  well,  it  becomes  his  property."  (Brown  vs.  Spilman,  155  U.  S., 
665,  670,  citing  Brown  vs.  Vaodei^t,  80  Penn.  St.,  142,  147;  West- 
moreland Nat.  Gas  Co.'s  Appeal,  25  Weekly  Notes  of  Cases  (Fenn.), 
103.) 

Since  oil  thus  belongs  to  the  producer  thereof,  it  becomes  advan- 
tageous  for  the  owner  of  a  given  tract  to  so  drill  his  wells  that  they  will 
draw  the  maximum  quantity  of  oil  from  adjacent  lands.  The  radius 
which  will  be  driuned  by  a  given  well  is  not  definitely  known  and  is,  of 
course,  variable.  Enough  data  are  at  hand,  however,  to  show  that  con- 
siderable distances  may  be  affected.  W.  W.  Orcutt,  of  Los  Angeles,  in 
charge  of  the  geological  department  of  the  Union  Oil  Co.,  testified  before 
the  Public  Lands  Committee  (H.  R.  24070,  pp.  48,  50) : 

"  Sometimes  thej  will  reach  1,000  feet;  sometimes  2,000  feet,  so  that  it  is  posaible 
to  take  all,  or  nearly  all,  of  the  oil  off  of  a  very  large  area  of  land  from  one  well.  Usu- 
ally the  man  who  has  the  first  well  down  in  an  area  will  get  the  bulk  of  the  oil,  because 
after  the  first  well  is  drilled  the  gas  pressure  is  loosened  up,  and  it  is  all  coming  in  that 
direction.  The  line  of  least  resistanoe  is  toward  the  first  well,  and  a  well  drilled  sub- 
sequent to  the  first  well  will  not  get  very  much  oil. 

"1  think  a  gentleman  this  morning  made  the  statement  that  some  wells  he  was 
interested  in  had  produced  400  per  cent,  more  than  some  wells  hia  neighbor  had  drilled 
just  across  the  line  subsequent  to  the  time  he  drilled  his  wells.  That  is  a  well-known 
fact.    The  man  who  gets  the  first  well  down  in  an  area  will  get  the  bulk  of  the  oil. 

"  I  have  an  instance  in  mind  ia  the  Santa  Maria  field,  wherepraotioally  allof  theoil 
has  been  taken  off  of  80  acres  from  one  well.  That  was  a  very  strong  well.  It  had  a 
big  gas  pressure.  When  other  wells  were  drilled  on  that  8&acre  piece  they  got  only 
liUle  'strippers'  that  did  not  amount  to  much." 

Such  information  as  has  been  obtained  since  the  date  of  Mr.  Orcutt's 
statement  (1910)  indicates  that  the  instances  are  rare  where  a  well  drains 
a  territory  so  large  as  that  given  in  his  statement.  But  the  following 
statement  by  Mr.  O'Donnell  is  significant  (H.  R.  24070,  p.  14) : 

"The  reason  for  putting  them  dose  together  in  the  richer  parts  of  the  field  is  princi- 
pally to  get  them  along  the  line-  If  you  will  note,  you  will  see  that  the  closest  driving 
is  usually  along  the  line,  in  order  to  get  as  much  of  the  other  fellow's  oil  as  you  can. 
In  many  instances  we  have  drilling  arrangements,  spacing  them,  and  making  blue 
prints  of  each  piece  where  we  have  an  agreement,  showing  just  how  far  a  fellow  shall 
put  his  well  from  his  other  well.  That  shows  that  the  other  fellow  believes  that  if  your 
wells  are  thicker  on  your  particular  piece  of  land  they  will  affect  hia  lands  in  time,  even 
although  they  are  half  a  mile  away.  After  the  discoveries  are  made,  of  course  the 
industry  is  very  profitable;  and  the  development  will  proceed  in  the  nature  of  a  race, 
perhaps,  along  the  line." 

At  any  rate,  the  distances  affected  are  known  to  be  such  that  the  practice 
of  drilling  as  close  as  may  be  to  the  property  lines  is  almost  universal. 
The  owner  of  tract  A  attempts  to  draw  off  the  oil  from  his  neighbor's 
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tract  B  and  to  forestall  the  neighbor  in  his  attempt  to  drain  the  oil 
from  tract  A.  Thus  it  becomes  a  race  for  the  oil  alon^  the  boundaries 
and  each  operator  ia  forced  to  drill  by  the  drilling  of  hia  neighbor. 
Whether  or  not  he  desirea  to  drill,  even  although  he  is  unable  to  dispose 
of  more  oil  than  he  is  already  producing,  or  even  if  for  financial  cm-  other 
reasons  it  would  bo  to  his  advantage  to  defer  the  briagtag  in  of  new  wells, 
the  operator  must  nevertheless  drill  and  operate  wells  along  his 
boundaries  or  his  neighbors  will  enrich  themselves  at  his  expense. 
Numerous  statements  by  oil  operators  might  be  quoted  showing  the 
univeiaality  of  the  practice  of  line  drilling  and  the  necessity  for  it  under 
the  placer  law,  but  an  examination  of  the  well  map  of  any  of  the  high- 
production  public-land  fields  will  show  the  present  situation  more  cod- 
clusively  than  any  statement.  It  is  common  practice  to  adopt  so-called 
gentlemen's  agreements  as  to  the  spacing  of  wells  on  neighboring  areas, 
and  by  this  means  to  attempt  to  prevent  line  racing  and  forced  pro- 
duction. But  while  these  agreements  are  in  many  instances  advan- 
tageous they  by  no  means  solve  the  whole  problem.  Mr.  O'Donnell  says 
(H.R.  24070,  p.  117): 

"The  general  custom  in  the  field  ia  to  have  an  agreement  between  adjoining  opera- 
tors to  drill  not  nearer  than  150  ft.  from  the  line;  and  after  you  get  your  agreement, 
the  custom  is  to  drill  your  well  at  150  ft.  just  as  quick  as  you  can." 

It  is  noteworthy  that  the  Office  of  Indian  Affairs,  in  r^ulating  oil 
and  gas  operations  on  Indian  lands,  has  recognized  the  evils  of  line  drill- 
ing. Many,  if  not  all,  of  the  oil  leases  stipulate  that  no  well  shall  be 
drilbd  within  200  ft.  of  a  division  line  unless  necessary  to  offset  wells  on 
adjoining  tracts.  The  following  provisions  seem  to  be  typical  (Regu- 
lations of  Apr.  20,  1908,  revised  to  May  1,  1912,  governing  leasing  of 
lands  of  the  Five  Civilized  Tribes) : 

"The  lessee  may  be  required  to  drill  and  operate  wells  to  oFFaet  paying  wells  on 
adjoining  tracts  and  within  300  feet  of  the  dividing  line. 

"Leesees  shall  not  be  allowed  to  drill  within  200  feet  of  the  division  lines  between 
lands  covered  by  their  leases  and  adjoining  lands,  except  in  cases  where  welb  on 
adjoining  tracts  are  drilled  at  a  less  distance,  in  which  case  lessees  may  offset  sucb  wells 
by  drilling  at  an  equal  distance  from  the  line." 

Forced  Produdion 

A  third  serious  objection  to  the  placer  law,  growing  out  of  the  two 
already  discussed,  is  the  economic  loss  through  overproduction.  The 
operator  who  has  not  made  actual  discovery  of  oil  is  insenure  in  his  title. 
Furthermore,  his  neighbors  may  resort  to  line  drilling  and  rob  him  of 
deposits  of  great  value.  He  is  forced,  therefore,  in  fields  where  the 
competition  ia  keen,  to  drill  for  and  produce  oil  whether  he  has  a  profitable 
market  or  not.     The  result  of  this  condition  is  seen  in  California,  where, 
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in  Spite  ot  a  producer's  associatioD  which  tends  to  prevent  the  price  of  oil 
from  falling  so  low  as  to  ruin  the  industry,  the  oil  stock  on  hand  at  the 
end  of  191 1  was  over  half  the  production  of  the  State  for  that  year.  Thus 
is  created  a  situation  which  is  of  great  disadvantage  to  the  producer  of 
oil  and  of  almost  equal  disadvantage  to  the  public,  since  a  lai^e  part  of 
the  surplus  production  is  stored  in  open  reservoirs  where  tests  have  shown 
that  in  some  cases  the  volatilization  loss  is  as  great  aa  50  per  cent,  in 
five  months.  This  loss  is  of  the  mo^t  valuable  part  of  the  oil  and 
represents  a  tremendous  and  irredeemable  waste. 

Conclusion 

It  must  be  concluded  that  the  placer  law  as  applied  to  petroleum  is 
unsatisfactory  from  almost  every  angle.  It  fails  to  adequately  protect 
the  prospector  during  the  long  and  expensive  exploration  period.  It 
permits  in  some  cases  the  holding  of  a  country  side  nithout  real  develop- 
ment or  prospecting.  It  permits  the  extraction  of  oil  from  the  territory 
of  another  and  fosters  and  necessitates  line  drilling.  It  forces  production 
in  advance  of  demand  and  results  in  serious  waste  of  a  valuable  resource. 
It  alienates  the  fee  from  the  government  and  endangers  and  renders 
difficult  future  government  control. 

It  is  not  the  purpose  of  the  present  discussion  to  endeavor  t^  surest 
new  legislation.  The  objections  to  the  placer  law,  however,  force  certain 
features  of  a  satisfactory  law  upon  the  attention.  The  prospecter  should 
be  given  the  exclusive  right  of  possession  of  a  restricted  area  for  a  limited 
period  sufficient  to  prove  or  disprove  its  oil-bearing  character.  Thus 
the  heavy  investment  required  for  oil  exploration  would  be  protected 
from  loss  by  adverse  claim.  The  operator  should  pay  for  his  oil  as  a 
commodity  in  terms  of  barrels  instead  of  as  real  property  in  terms  of 
asres.  If  oil  is  the  property  of  the  producer  thereof,  the  producer  should 
pay  for  it,  not  the  owner  of  the  property  from  which  it  is  drawn.  The  oil 
only  should  be  sold  and  the  title  to  the  land  should  be  retained  in  the 
government. 

Addendum 

It  might  be  well  to  add  to  this  discussion  a  brief  statement  of  the  effect 
upon  the  bona  fide  oil  operator  of  withdrawals  under  the  act  of  June  25, 
1910  (36  Stat.,  847).     This  act  provides: 

"That  the  President  may,  at  any  time  in  hia  discretion  temporarily  withdraw  from 
settlement,  location,  sale,  or  entry  any  of  the  public  lands  of  the  United  SCatea  includ- 
ing the  District  of  Alaska  and  reserve  the  same  for  water-power  sites,  irrigation,  classi- 
fiCAtioa  of  lands,  or  other  public  purposes  to  be  specified  In  the  orders  of  withdrawals, 
and  such  withdrawals  or  reservations  shall  remain  in  force  until  revolcad  by  him  or  by 
an  act  of  Congress. 
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"PfwAdtd,  That  the  rights  of  any  peraon  vho,  at  the  data  of  any  order  of  with- 
drawal haet«f ore  or  hereafter  made,  ia  a  htma  fidt  occupant  or  claimant  of  oil  or  gas 
bearii^  lands,  and  who,  at  such  date,  is  in  dUigent  prosecution  of  work  leading  to  the 
discovery  of  oil  or  gas,  shall  not  be  affect«d  or  impaired  by  such  order  so  long  as  such 
occupant  or  claimant  shall  continue  in  diligent  prosecution  of  said  work." 

The  operator  who  has  made  a  valid  location  supported  by  a  dis- 
covery is  of  course  not  affected  by  a  withdrawal  under  this  Act.  Neither 
is  the  operator  who,  although  he  has  not  as  yet  made  discovery,  is  never- 
theless engaged  in  the  diligent  prosecution  of  work  leading  thereto.  A 
withdrawal  therefore  operates  only  against  those  claimants  who  are  not 
dil^ently  seeking  a  discovery.  The  effect  of  the  withdrawal  is  to  prevent 
the  initiation  of  new  rights  upon  the  lands  withdrawn  by  those  not  prose- 
cuting work  at  the  date  of  withdrawal.  What  is  the  net  effect  then  upon 
the  operator  who  was  diligently  at  work  at  the  withdrawal  date,  and 
who  has  continued  diligently  at  work,  but  has  not  as  yet  made  discovery? 
If  there  were  no  withdrawals  it  is  entirely  within  the  bounds  of  possi- 
bility, ae  already  pointed  out,  for  an  adverse  claimant  to  enter  upon  the 
land  (if  such  entry  be  not  forcible,  fraudulent,  or  clandestine) ,  drill  upon  it, 
and  by  first  discovering  oil,  to  obtain  title  to  it.  With  a  withdrawal  order 
covering  the  land  no  such  intrusion  is  possible.  No  new  rights  can  attach 
subsequent  to  the  withdrawal,  and  the  operator  who  in  good  faith  was 
diligently  prosecuting  work  leading  to  discovery  and  who  has  continued 
to  do  so'  is  protected  by  the  withdrawal  against  all  possibility  of  the 
initiation  of  adverse  claims. 
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The  Origin  of  the  "Garnet  Zooes"  and  Associated  Ore  Deposits.* 

Br  WALDKMAB  LINDORBN,  BOSTON,  UASS. 

DuBiNQ  the  laat  15  years  much  atteotion  baa  beea  given  to  the 
"  contact-metamorphic "  ore  deposits  which  mainly  occur  in  limestone 
close  to  intnudve  contacts.  In  general,  these  deposits  are  characterized 
by  the  association  of  magnetite  and  simple  sulphides  with  the  so-called 
"contact-metamorphic"  silicates.  These  silicates  comprise  garnet, 
epidote,  vesuvianite,  tremolite,  wollastonite,  diopside,  hedenbergite, 
ilviute,  and  many  other  rarer  forms.  The  contact-metamorphic  zones 
contain  also  in  places  minerals  with  boron,  fluorine,  and  chlorine,  like 
axinite,  tourmaline,  danburite,  fluorite,  and  scapolite.  There  is  also  more 
or  less  quartz  and  coarsely  recrystallized  calcite.  The  simple  sulphides 
embrace  pyrite,  pyrrhotite,  chalcopyrite,  galena,  zincblende,  more 
rarely  arsenopyrite.  On  the  whole,  sulphantimonides  and  sulph- 
arsenides  are  rare.  Deposits  of  magnetite  or  chalcopyrite  or  of  both 
are  most  common. 

The  deposits  have  an  irregular  or  rudely  tabular  form,  following 
main  contacts,  dike  contacts,  or  stratification  planes;  they  rarely  extend 
for  more  than  1,500  or  2,000  ft.  from  the  contact;  far  more  commonly 
they  only  reach  a  distance  of  a  few  hundred  feet  from  that  surface.  The 
deposits  are  usually  formed  by  replacement  of  limestone,  or  allied  cal- 
careous rock.  Apparently  they  are  found  both  in  relatively  pure  and  in 
impure  carbonate  rock. 

The  deposits  are  geolo^cal  bodies  of  a  chemical  and  mineralogica! 
character  differing  greatly  from  the  adjoining  intrusive  rock  and  from  the 
unaltered  limestone.  They  are  rich  in  silica  and  iron,  with  more  or  less 
of  lime,  magnesia,  alumina,  sulphur,  and  rarer  metals  like  copper.  The 
so-called  contact-metamorphic  silicates  which  form  the  gaogue  usually 
are  coextensive  with  the  metallic  minerals,  though  of  course  not  neces- 
sarily with  the  merchantable  ore.  All  opinions  agree  in  holding  the 
deposits  of  epigenetic  origin,  later  than  the  inclosing  limestone. 

Regarding  the  origin  of  the  metals  and  the  genesis  of  the  ores  there  are 
several  opinions. 

1.  There  are  those  who  see  in  these  deposits  the  result  of  concentration 
of  material  contained  in  the  intrusive  rocks  by  means  of  hot  circulating 

*  iDtroduction  to  a  dtBOoenon  at  the  New  York  meeting  af  American  Institute  of 
Mining  Engineers,  February,  1914. 
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waters  of  atmospheric  origia;  the  circulation  established  being  upward  on 
the  periphery  of  the  hot  mass. 

''  The  heated  ground  water  would  be  quite  competent  to  do  all  th&t  is  ascribed  to 
magmatic  waters,  iscluding  the  formation  of  lime-silicate  sonea."' 

Among  the  minority  who  still  cling  to  this  view  I  find  Professor  Lawaon. 
The  latter,  writing  with  his  customary  well-sharpened  pen,  describes  the 
magmatic  theory  of  these  deposits  as  "one  of  the  fashionable  vagaries  of 
our  time,  not  entitled  to  serious  respect  as  a  scientifically  established 
theory."*  I  am  inclined  to  hope  that  Professor  Lawson  has  already 
changed  this  view.  If  he  has  not  I  am  sure  he  will  before  long,  especially 
if  he  should  undertake  a  somewhat  careful  study  of  a  considerable  number 
of  the  contact-metamorphie  deposits  in  the  Southwest  and  in  Mexico. 

In  the  first  place,  these  deposits  are  "high  temperature"  deposits. 
The  character  of  the  gangue  minerals  shows  that  they  were  formed  at 
considerable  depth — some  well  within  the  zone  of  fracture,  perhaps  only 
4,000  ft.  below  the  surface — others  deep  down  in  the  region  where 
fracturing  must  be  considered  impossible.  In  both  cases  the  essential 
characteristics  are  the  same.  According  to  our  best  information  the 
lowest  temperature  at  which  garnets,  diopside,  etc.,  may  form  is  about 
400"  or  500*  C.  In  view  of  the  well-grounded  attacks  lately  made  upon 
the  theory  of  the  deep  circulation  of  atmospheric  waters  it  devolves  upon 
the  supporters  of  the  view  set  forth  under  (1)  to  explain  the  possibility 
of  such  a  circulation  upward  along  the  contact  at  temperatures  of  from 
300°  to  1,000°  C.  The  Daubrfe  experiment  will  really  not  suffice  any 
more  eis  an  explanation.' 

I  shall  try  to  make  the  real  position  of  the  leaching  theory  a  little 
clearer:  The  metals,etc.,wereextracted  from  the  intrusive  rock — that  is, 
from  a  hot  body  having  a  temperature  of  from  500°  to  1,500° — and  de- 
posited in  the  adjacent,  cooler  sediments,  say  at  temperatures  from 
300°  to  1,000°  C.  Consequently  the  circulation  of  the  atmospheric  waters 
would  really  take  place  in  a  lateral  direction  and  not  simply  along  the 
contact  as  maintained  by  Lawson.  The  silicates  present  in  the  contact 
zone  prohibit  the  assumption  of  concentration  at  lower  temperatures. 

No  one  who  has  observed  many  deposits  of  this  kind  can  fail  to  be 
impressed  with  the  fact  that  the  ores  are  generally  found  at  limestone 
points  projecting  into  the  intrusive  mass,  or  in  slabs  of  limestone  swim- 
ming in  the  igneous  rock.  It  is  difficult  to  see  why  the  circulating 
atmospheric  waters  should  seek  such  places  by  preference.     In  many 

'  Lawson,  A.  C. :  Mining  and  Scientific  Prett,  vol.  civ,  No.  6,  p.  201  (Feb.  3,  1912). 

'  Johneon,  John,  and  Adams,  L.  H.  r  Observations  on  the  Daubrfie  Experiment  and 
Capillarity  in  Relation  to  Certain  Geologic  Speculations,  Journal  ofGeotagyf  '^o'-  "". 
Pp.  1  to  15  (1913). 


.coy  Google 


QARNBT   ZONES   AKD   ASSOCIATED    ORE    DBPOSITB  951 

deposits  there  is  no  evidence  of  fractures  or  paths  which  could  have  been 
followed  by  the  water. 

Inevitably,  such  a  hydrothermai  circulation  as  is  suggested  by 
Professor  Lawaon  would  result  in  a  strong  alteration  of  the  intrusive. 
Iq  many  instances  there  is  no  such  evidence  of  replacing  solutions. 
Fresh  granitic  rock  often  borders  the  ore. 

Minen^ised  later  fractures  may,  however,  cross  these  contact  de- 
posits and  then  the  intrusive  rock  may  be  hydrotherraally  altered, 
but  this  does  not  prove  that  this  is  caused  by  atmospheric  waters.  It  is 
clear,  of  course,  that  thermal  metamorphism  is  not  denied  by  Lawson; 
and  he  also  admits  a  so-called  "  reactionary  metamorphism  wherein  the 
changes  are  due  to  reaction  between  the  encasing  rocks  and  the  materials 
emanating  from  the  intruding  mass."*  Thus  for  instance  he  would 
class  the  homfels  of  Clifton  and  that  from  the  Kristiania  region  as  the 
result  of  thermal  metamorphism.  But  the  overlying  limestone  when  it 
contained  andradite  and  magnetite  and  sulphides  would  be  a  product  of 
circulating  atmospheric  waters.     Truly  an  odd  position  to  defend ! 

It  has  been  asserted  that  these  deposits  are  exceptional  cases,  because 
they  do  not  occur  along  all  contacts  or  along  the  same  contact.  The 
answer  to  this  is  that  the  economically  valuable  deposits  are  exceptional 
but  the  mineralization  is  not,  as  one  often  can  ascertain  by  carefully 
following  one  of  these  contacts. 

2.  There  is  another  school,  of  which  C.  K.  Leith  is  perhaps  the  most 
prominent  exponent.  These  men  do  not  by  any  means  deny  the  actuality 
of  emanations  from  the  magma,  but  hold  that  the  silicate  gangue  minerals 
are  mainly  the  result  of  a  recrystallization  of  constituents  originally 
contained  in  the  limestone,  like  calcium,  magnesium,  iron,  aluminum, 
and  silica.  This  involves  of  course  a  great  reduction  of  volume  since  the 
latter  three  constituents  are  usually  subordinate  in  limestones,  the  re- 
moval of  a  great  deal  of  material,  and  a  compression  obliterating  structures 
and  textures.  The  additions  from  the  magma  are  laid  mainly  to  a  late 
stage  during  which  the  silicates  containing  mineralizers  and  the  iron  ores 
were  introduced.  "  The  metallic  minerals  may  be  either  direct  contribu- 
tions from  the  magma,  or  hot  water  deposits  resulting  from  the  working 
over  of  the  hot  intrusives.'"  No  statement  is  made  as  to  the  derivation 
of  this  water  but  atmospheric  waters  are  probably  meant. 

Much  effort  has  been  expended  in  attempting  to  prove  the  first  part 
of  the  proposition :  namely,  the  development  of  the  silicates  by  a  reduction 
of  volume  of  the  limestone  amounting  to  40  to  80  per  cent.  The  last 
paper  with  this  end  in  view  has  been  contributed  by  W.  L.  Uglow,*  who 
endeavors  to  show  by  comparison  of  analyses  of  fresh  and  altered  lime- 

•EeottomieGeolcav,  'ol'  viii.  No.  1,  p.  26  (Jan.,  1913). 
'  Idem,  vol.  viii.  Nob.  1  and  3  (1913). 
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stones  that  the  ratio  of  silica  to  alumina  and  feirio  oxide  is  constant. 
The  analytical  material  is  evidently  insufficient,  especially  as  Beveral  of 
his  analyses  of  "fresh"  limestones  already  contain  silicates.  That  no 
such  constancy  is  shown  has  been  clearly  pointed  out  by  C.  A.  Stewart.' 

Few  of  the  analyses  have  separate  determinations  of  Fe  and  Al  in  the 
unaltered  limestone.  Were  such  determinations  available  I  suspect  that 
the  non-constancy  in  the  ratio  Al:Fe  would  be  still  more  apparent.* 

Mr.  Uglow  f^so  attempts  a  general  critique  of  the  literature  and 
theory  of  contact-metamorphism  deposits,  but  in  this  he  is  evidently 
handicapped  by  lack  of  field  experience. 

The  main  argument  of  the  supposition  of  the  "residuary  crystallizar 
tion"  theory  is  that  the  impure  limestones  with  much  silica  are  the  ones 
which  yield  the  eontact-metamorphic  silicates.  This  is  of  course  largely 
a  question  of  facta.  Evidence  that  cannot  easily  be  refuted  has  been 
introduced  to  show  that  the  eontact-metamorphic  silicates  and  the  ores 
often  form  in  very  pure  limestone.  But  it  is  conceded  that  they  may 
also  develop  in  impure  limestone.  According  to  the  supporters  of  the 
residuary  crystallization  theory,  a  very  large  reduction  of  volume  has 
been  effected  in  either  case,  which  of  course  would  make  the  stratification 
a  jumble  near  the  contact.  The  expulsion  of  so  much  calcium  and 
magnesium  carbonate  involves  first  a  development  of  porosity  and  then 
a  compression  by  the  stresses  from  the  intruding  magmas.  The  reason 
why  most  silicate  zones  are  composed  of  hard,  compact  rocks  is  therefore 
that  the  porous  rock  has  been  stroi^ly  compressed.  (In  some  cases  one  is 
tempted  to  add  that  the  rocks,  upon  this  theory,  must  have  been  principally 
pores.)  Later,  upon  cooling,  contraction  fissures  appeared  and  received 
some  emanations  from  the  magma  or  material  concentrated  by  hot  water 
from  the  intrusive  rock. 

I  must  here  refer  to  the  Washington  Camp  in  Arizona,  described  by 
Professor  Crosby.  According  to  his  statement  the  silicates  and  ore 
in  the  Pride  of  the  West  mine  have  been  formed  from  an  impure  lime- 
stone. I  investigated  this  occurrence  carefully  in  1909  with  F.  C. 
Schrader,  of  the  U.  8.  Geological  Survey,  and  was  reluctantly  compelled 
to  adopt  a  difi'erent  view.  It  seemed  to  me  that  a  stratum  of  particularly 
pure  limestone  had  here  been  replaced,  lying  between  beds  of  markedly 
impure  and  siliceous  limestone  which  have  suffered  little  alteration. 

That  part  of  the  pure  bed  which  is  converted  into  ore  and  silicates 
presents  the  unusual  feature  that  the  altered  material  contains  some  rather 
large  druses,  which  are  coated  by  fine  quartz  crystals.     In  this  case,  then, 

'  Economic  Geologf/,  vol.  viii,  No.  5,  p.  501  (Aug.,  1913). 

'I  find  that  the  analysis  given  by  Mr.  Uglow  tor  the  "Modoc  limestone"  at 
Qifton  haa  been  obtained  by  taking  the  average  of  the  two  analyses  from  Modoc 
mountain,  which  of  couree  is  correct,  and  one  analysis,  materially  diffneat,  from 
Shannon  mountain,  3  milee  distant.     This  is,  to  say  the  least,  a  curious  proceeding. 
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the  pressure  of  the  loagiua  was  not  great  enough  to  compreaa  a  drusy 
material  mto  a  compact  mass. 

It  Bhould  be  added  that  many  of  these  Eulicate  rocks  as  exposed 
at  the  surface  appear  porous  and  drusy,  but  this  is  usually  caused  by  the 
solution  of  interstitial  and  residuary  calcite. 

Thus  far  no  conclusive  field  evidence  has  been  introduced  showing  the 
compression  demanded  by  the  "residuary"  theory.  We  owe  probably 
the  best  and  most  car^uI  examination  of  a  metamorphic  zone  to  Professor 
Barrell.*  He  concludes  that  in  the  outer  metamorphic  zone  there  must 
have  been  effected  a  considerable  compression,  for  which  he,  however, 
found  no  convincing  field  evidence;  while  the  inner  zone,  in  which 
additions  from  the  magma  seemed  clearly  demonstrated,  showed  no 
evidence  of  reduction  in  volume.  Theoretically,  according  to  Barrell 
there  should  be  a  slight  expansion  in  this  zone. 

It  is  obviously  impossible  that  structures  and  textures  could  be 
retained  on  the  residuary  crystallization  theory.  That  such  structures 
are  in  fact  often  retained  has  often  been  shown  and  I  have  particularly 
called  attention  to  the  preservation  of  fossils  in  greatly  garnetized  rocks 
at  Tres  Hermanas,  N.  M. 

F.  C.  Calkins  and  B.  S.  Butler  have  recently  completed  careful 
investigations  of  contact  zones  at  Philipsburg,  Mont.,  and  San  Francisoo, 
Utah.*"  In  both  cases  evidences  of  porosity  or  compression  were  sought 
for  but  not  found. 

It  seems  as  if  a  careful  microscopic  study  of  limestones  in  all  stages 
of  recr3r8tallization  would  convince  any  one  that  no  such  wholesale  re- 
duction of  volume  has  taken  place.  Delicate  needles  and  prisms  of 
amphibole  or  pyroxene  or  skeletal  forms  of  garnets  appear  which  are 
not  disturbed  or  crushed  by  the  metamorpbism  in  more  advanced  stages. 
A  part  of  the  limestone  may  be  replaced  by  quartz,  and  both  calcite  and 
quartz  are  without  disturbance  traversed  by  a  system  of  amphibole 
pnsms. 

The  tendency  of  crystallization  in  skeleton  forms  leads  to  the  so 
frequent  development  of  residual  calcite  included  in  the  silicates.  I  can 
find  little  to  contradict  the  conclusion  that  the  metasomatism  takes  place 
by  equal  volumes  and  that  there  is  practically  no  change  in  volume  in  the 
altered  rock  compared  to  the  original  rock. 

The  advocates  of  the  residual  crystallization  theory  reluctantly 
admit  that  boron,  fluorine,  etc.,  may  have  been  introduced.  Are  they 
sure  that  these  were  the  only  elements  introduced?  It  seems  to  me 
absolutely  impossible  to  draw  a  line  between  the  ordinary  silicates  and 
those  containing  mineralizers.  Both  are  commonly  intergrown,  showing 
practically  contemporaneous  origin.     Take  for  instance  the  occurrence 

*  Pro/««*HnuiI  Paper  No.  67,  U.  S.  Geological  Survey  (1907). 

>*  Pn^enbmat  Papen  Nm.  78  and  80,  U-  S-  Geohffkal  Survey  (1913). 
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ofjaxinite,  which  so  frequently  baa  been  overlooked,  the  brown  n 
mineral  looking  much  like  garnet."  Sulphur  has  equal  right  to  be  re- 
garded as  a  raineralizer  and  from  Day's  and  Shepherd's  work  at  Kilauea" 
we  know  that  even  the  surface  lava  gives  oS  much  more  sulphur  than 
fluorine  and  boron.  Even  if  nothing  more  is  admitted  in  the  way  of 
emanations  it  is  clear  that  sulphides  may  result  in  the  adjoining  rocks. 
Has  the  old  experiment  been  forgotten  showing  the  development  of 
magnetite  in  a  limestone  fragment  immersed  in  molten  basalt? 

.  I  do  not  intend  to  deny  for  an  instant  that  the  impurities  in  a  lime- 
stone may  be  utilized  in  its  subsequent  recrystallization  and  I  have  noted 
the  woUastonite  developing  at  the  contact  of  chert  nodules  and  limestone 
as  described  by  Crosby  from  Washington  Camp,  but  I  do  insist  that  if  it 
is  admitted  that  a  massive  andradite  garnet  may  form  from  a  practically 
pure  limestone  no  amount  of  diagrams  can  prove  that  the  constituents  of 
the  garnet  can  be  accounted  for  by  residuary  crystallization. 

3.  The  view  that  accounts  for  the  silicate  minerals,  and  the  minerals 
containing  mineralizers,  and  the  iron  ores,  and  the  sulphides  by  assuming 
that  they  are  derived  in  large  part  from  the  emanations  from  the  magma 
seems  to  me  so  plausible,  so  convincing  and  so  fitting  when  the  subject 
is  regarded  from  a  broad  standpoint  that  I  cannot  help  joining  Kemp, 
Spurr,  Goldschmidt  and  many  others  in  advocating  it.  I  believe 
thoroughly  that  iron,  silica,  various  rare  metals,  the  mineralizers,  to  a 
smaller  degree  also  ^umina  and  the  alkalies,  are  thus  contributed  by  the 
intrusive.  The_^limestone  and  the  intrusive  emanations  form  a  chemical 
system  in  which  reactions  of  great  intensity  are  proceeding.  Some- 
times there  is  also  a  vigorous  interaction  between  the  lim^tone  and  the 
intrusive,  as  shown  by  the  occasional  development  of  epidote  and  garnet 
in  the  latter. 

The  emanations  consisting  of  gases,  water,  and  volatile  compounds 
in  which  the  metals  are  probably  carried  as  chlorides  or  fluorides,  penetrate 
the  limestone  easily.  In  connection  with  this  I  wish  to^call  your  attention 
to  some  diagrams  and  mathematical  calculations  presented  by  Messrs. 
Leith  and  Uglow  in  which  it  is  shown  how  excessively  slow  the  diffusion 
of  heat  is  from  an  intrusive  contact.  No  doubt  the  calculations  are  cor- 
rect, but  their  presentation  is  an  excellent  instance  of  the  danger  of 
applying  mathematics  to  geology.  The  diffused  heat  is  as  a  matter  of  fact 
a  feature  of  minor  importance.  The  penetration  of  the  emanations  into 
the  solid  rocks  is  the  main  cause  of  the  contact  metamorphism.  These 
emanations  penetrate  the  suitable  strata  of  limestone  as  if  the  latter  were 
a  sponge  and  they  also  travel  rapidly  on  fissures  and  joints.  Convection 
thus  far  outdistances  diffusion.    Every  geologist  who  has  studied  contact 

"  Schrader,  F.  C:  Bulletin  No.  497,  U.  S.  CciAogieat  Survey  (1912). 
■'  BulUlin  of  IheGeotogical  Society  of  America,  vol.  xxiv,  No.  4,  pp.  573  to  606  (Dec, 
1913). 
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metamorphism  is  well  aware  that  certain  beds,  not  unlike  those  above  and 
below,  show  extraordinary  selective  power  of  recrystallization  and 
mineralization.  It  is  well  known  that  some  limestones  are  easily  pene- 
trable by  oil,  ao  that  they  may  be  rendered  strongly  translucent  by  such 
impr^natioD.  If  this  can  be  effected  at  lower  temperatures  what 
would  be  the  effect  of  emanations  under  tremendous  pressure  and 
temperature? 

The  principal  differences  among  those  who  tielieve  in  the  magmatic 
theory  relate  to  the  order  of  introduction  of  the  various  minerals.  Some, 
like  J.  E.  Spurr,  hold  that  the  development  of  silicates  preceded  the 
metallization  as  a  more  or  less  distinct  stage  and  make  of  the  latter  a 
hydrothermal  phenomenon  taking  place  after  the  consolidation  of  the 
iatrusive  magma.  Others  see  a  rather  continuous  process  in  the  metalliza- 
tion, holding  that  it  b^an  at  the  moment  of  irruption. 

It  has  always  seemed  to  me  most  difUcult  in  this  case  to  separate 
metamorphism  and  metasomatism.  I  am  inclined  to  minimize  the 
purely  thermal  metamorphism,  and  this  opinion  is  strengthened  by  the 
extremely  slow  rate  of  diffusion  of  heat.  On  the  other  hand,  it  is  well 
bnown,  for  instance,  through  the  work  of  F.  C.  Calkins,"  that  the  emana- 
tions resulting  in  tourmaline  and  scapolite  spread  long  distances  from  the 
contacts.  It  is  therefore  probable  that  the  metamorphism  which  so  often 
extends  for  many  thousand  feet  from  the  contact  is  primarily  induced  by 
the  transmission  through  the  pores,  fractures,  and  bedding  planes  of  solu- 
tions emanating  from  the  magma  but  mingled  on  their  way  with  interstitial 
rock  moisture.  In  fact,  the  slowness  of  the  diffusion  of  heat  positively 
compels  such  a  view.  The  replacement  will  ordinarily  proceed  by  equal 
volumes,  but  where  the  movement  of  the  solutions  was  extremely  rapid 
dnisy  texture  might  result.  All  this  is  on  supposition  that  the  locality  is 
in  the  zone  of  fracture.  If  it  is  definitely  in  the  zone  of  flowage,  the 
temperatures  could  normally  be  much  higher  and  the  difficulty  of  escape 
of  the  carbon  dioxide  would  naturally  be  much  greater.  Hence  the 
development  of  silicates  would  proceed  at  a  very  much  slower  rate, 
so  slow  indeed  that  porosity  would  become  improbable  and  any  replace- 
ment would  proceed  on  the  basis  of  equal  volumes;  any  material  dissolved 
would  immediately  be  replaced  by  new  minerals. 

In  the  diffusion  of  emanations  from  the  magma  certain  constituents 
would  penetrate  much  further  than  others.  Carbon  dioxide  and  other 
gases  would  certainly  penetrate  much  further  than  silica,  for  Instance. 

There  is  unquestionably  a  certain  sequence  in  the  development 
of  minerds  in  contact  zones.  Many  observations  seem  to  prove  that 
emanation  of  sulphides  and  magnetite  continues  after  the  contact  action, 
resulting  in  silicate  rock,  is  completed,  and  finally  hydrothermal  action 
results. 

"  pT^ettumal  Paper  No.  78,  U.  S.  Oeological  SuTvey  (1913). 
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The  strong  advocates  of  this  view,  among  whom  J.  E.  Spuix  is  promi- 
Dent,  seem,  however,  to  minimize  unduly  the  earlier  development  of 
sulphides  and  magnetite.  I  have  often  had  oceaaoa  to  emphauEe  these 
early  accessions  which  I  think  cannot  be  denied.  The  recent  literature  con- 
tains little  to  make  a  change  of  opinion  necessary,  B.  S.  Butler,"  for  in- 
stance, says  of  the  Frisco  diatrict,  Utah,  that "  in  general  the  minerals  of  the 
contact  sones  appear  to  have  formed  at  essentially  the  same  time, 
though  in  some  places  metallic  minerals  have  formed  later  than  the 
silicates  aa  well  as  contemporaneously  with  them."  T.  Kato,''  describing 
the  deposits  at  the  Okufo  mine,  Japan,  states  that  wollastonite  is  the 
oldest  mineral  and  that  it  was  formed  by  accessions  of  silica.  He  con- 
siders the  earliest  solutions  to  have  been  very  siliceous.  Next  follows 
andradite  with  traces  only  of  alumina;  this  is  intergrown  with  vesuvianite. 
The  sulphides  were  formed  contemporaneously  with  the  garnet  or  at  the 
closing  epoch  of  its  deposition.  Veinlets  of  chalcopyrite  form  the  latest 
manifestation  of  metallization. 

In  conclusion,  I  would  say  that  the  most  convincing  argument  in  favor 
of  the  derivation  of  these  deposits  from  emanations  from  the  magma  ia 
not  this  or  that  single  fact,  but  the  great  chain  of  circumstantial  evidence 
which  connects  the  contact-metamorphic  deposits  with  the  high-tempera- 
ture veins  on  one  hand  (such  as  the  cassiterite  veins,  for  instance)  and  the 
p^matitic  veins  and  dilies  and  concentrations  in  molten  magmas  on  the 
other  band.  In  some  cases  evidence  of  this  kind,  with  grading  to  ordinary 
veins,  indicating  lower  temperatures,  is  offered  in  the  vicinity  of  a  single 
intrusion.  If  to  this  is  added  the  direct  evidence  of  emanations  from 
the  surface  lavas,  for  instance  of  sulphur  and  Suorine  from  the  Hawaiian 
volcanoes,  the  whole  forms  a  well-supported  theory  which  should  require 
respectful  consideration  even  from  those  who  would  attribute  a  paramount 
rdle  to  the  atmospheric  waters. 

" ProfettiotMl  Paj>er  No.  80,  U- S- Geological  S-uney,  p.  84  (1913)- 

"  Journal  of  the  Geological  Society  of  Tokio,  vol.  xx,  pp.  13  to  32  (1913). 
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Some  Receot  Derelopments  in  Electric  Coal-Mining  Machines 

BT  S.  B.  Knia,*  CHICAOO,  ILL. 
(Naw  Yoik  MwUdc.  Ffebruuv.  1914) 

It  is  tbe  purpose  of  tiiis  article  to  give  tiiose  not  familiar  with  the  sub- 
ject an  idea  of  tbe  extent  to  which  coal  is  mined  by  machine  in  the 
United  States;  to  describe  some  types  of  electrically  operated  coal  cutters; 
and  in  particular,  some  of  the  latest  improvements  and  developments  in 
these  machines.  Generally  speaking,  the  article  deals  with  the  mining 
oS  bituminous  coal  in  room-and-pillar  mines,  as  the  use  of  undercutting 
machines  in  the  anthracite  region  of  Pennsylvania  is  in  its  infancy,  and 
.  when  machine  mining  is  referred  to  bituminous  coal  is  taken  for  granted. 
The  number  of  mines  in  the  United  States  that  are  operating  on  the  long- 
wall  principle  is  very  limited,  and  the  number  of  long-wall  machines  in 
use  is  a  very  small  percentage  of  the  total. 

The  advantages  of  mining  by  machine  may  be  summed  up  briefly  as 
follows: 

A.  Increased  safety  to  property  and  life,  due  to  the  large  decrease  in 
the  amount  of  powder  required  when  the  coal  is  properly  undermined. 

B.  Keduction  in  the  cost  of  tmning. 

C.  Improvement  in  the  quality  of  the  product;  and,  consequently, 
increase  in  market  value,  due  to  the  greater  proportion  of  lump  and  screen 
sizes  secured  by  machine  mining. 

D.  Increase  in  the  capacity  of  the  mine,  and  more  rapid  development 
of  new  mines. 

E.  Ability  to  mine  veins  in  which  the  height  of  tbe  coal  or  tbe  char- 
acter of  the  roof  has  prevented  mining  by  hand,  on  a  commercial  basis. 

Growth  of  Machine  MintTtg 

Machine  mining  of  coal  in  the  United  States  is  confined  commercially 
to  the  past  20  or  22  years.  In  1891,  the  first  year  for  which  records  are 
available,  there  were  545  mining  machines  in  use.  The  total  production 
in  that  year  was  93,177,978  tons,  of  which  but  6J  per  cent,  was  mined 
by  machine.  In  1912,  the  latest  year  reported,  the  total  tonnage  bad 
increased  to  450,104,982  tons,  and  tbe  number  of  machines  to  15,298. 
The  tonnage  mined  by  machine  was  210,538,822,  or  46.8  per  cent.  <A  the 


*  Non-member. 
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total.     The  growth  in  the  use  of  machines  is  indicated  by  the  c 

Fig.  1.     In  this  chart,  curve  A  shows  the  number  of  machines  in  use  from 

year  to  year;  curve  B  shows  the  percentage  of  the  total  product  mined  by 

machines. 

Both  compressed  air  and  electricity  were  employed  at  an  early  date 
as  a  motive  power  for  mining  machines.  These  machines  are  of  two  gen- 
eral patterns:  reciprocating  or  pick  machines,  operated  by  air  power;  and 
chain  or  cutter-bar  machines,  operated  by  electricity.  Some  compressed- 
air  chain  machines  are  in  use,  but,  as  yet,  they  form  an  almost  negligible 
proportion  of  the  total.    Keferrii^  again  to  Fig.  1,  curve  C,  beginning  at 
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1903,  shows  the  progress  in  the  use  of  compressed-air  pick  machines, 
with  which  are  combined  in  the  later  years  a  few  post  punchers  or  column 
coal  cutters.  Curve  D  shows  the  growth  in  the  use  of  electric  machines 
of  all  classes.  It  will  be  noted  from  these  two  curves  that  while  the 
growth  in  the  use  of  electric  machines  forms  a  curve  ascending  uniformly, 
the  compressed-air  curve  is  more  irregular,  and  since  1909  has  fallen  off 
rather  sharply,  with  a  partial  recovery  in  1912.  This  relative  increase 
in  the  use  of  electric  machines  may  be  credited  to  two  things: 
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A  Increasing  popularity  of  electric  current  for  other  purposes  about 
the  mine  than  operating  machines,  with  especial  emphasis  on  electric 
haulage  motors. 

B  The  improvement  in  and  development  of  types  of  electric  coal 
cutters  of  increasing  adaptability  and  capacity. 

There  are  three  principal  types  of  electric  chain  machines  in  commer- 
cial use:  the  breast  machine,  which  is  the  oldest  pattern  and  the  one  most 
widely  known;  long-wall  machines  of  various  types;  and  side-cutting, 
continuous-cutting,  or  short-wall  chain  machines,  as  they  are  variously 
known.  This  last-named  type  is  of  most  recent  introduction,  and  is  at 
present  the  machine  which  offers  the  greatest  possibilities  in  capacity  and 
adaptability  to  working  conditions;  and  in  the  past  two  or  three  years  its 
use  has  made  remarkable  strides.  Curve  E  on  Fig.  1  shows  the  growth 
{estimated  from  private  sources)  in  the  use  of  this  particular  type  of 
machine,  datii^  from  1903.  It  is  with  this  continuous-cutting  machine 
that  this  article  will  deal  in  chief. 

The  particular  machine  described  and  illustrated  is  that  manufactured 
by  the  Sullivan  Machinery  Co.,  of  Chicago.  This  was  the  pioneer  in  the 
sifle-cutting  machine  field  for  room-aud-pillar  work  and  is,  further,  the 
machine  with  which  the  writer  is  most  familiar. 

Before  passing  to  a  description  of  this  type,  it  may  be  noted  that  there 
is  a  discrepancy  between  the  production  of  coal  per  year  per  machine  and 
the  known  increase  in  productive  efficiency,  secured  by  side-cutting  ma- 
chines over  chain  breast  cutters  and  pick  machines.  In  1912,  the  produc- 
tion per  machine  was  about  13,000  tons;  no  more,  as  a  matter  of  fact, 
than  the  average  production  per  machine  per  year  ten  or  a  dozen  years 
previously.  There  were  various  factors  affecting  this  condition.  One  of 
them  is  that  improvements  in  the  machines  have  enabled  them  to  be 
used  in  low  coal  and  in  mines  which  could  not  be  worked  bj'  hand  or  by 
other  machines,  and  from  these,  of  course,  the  tonnt^e  is  relatively  low. 

The  Sullivan  Ironclad  continuous  coal  cutter,  the  latest  model  of  the 
side-cutting  machine,  consists  of  a  motor,  either  direct  current  or  alter- 
nating current,  operating  through  shafts  and  gearing  a  continuous  chain, 
armed  with  cutter  bits,  which  runs  around  a  cutting  frame  or  bar  21  in. 
in  width  and  ranging  in  length  from  5  to  10  ft.  The  motor  and  gearing 
and  chain-drive  mechanism  are  inclosed  in  an  armor-plate  casing,  and 
these,  with  the  cutter  bar,  are  mounted  for  transportation  on  a  skeleton 
frame  or  pan.  The  whole  outfit  is  carried  from  place  to  place  on  a  self- 
propellii^  truck,  operated  through  sprockets  and  chains. 

Motor 

The  alternating-current  motor  will  be  described  later.  The  direct- 
current  motor,  which  has  been  developed  through  a  dozen  years'  service, 
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is  of  the  multi-polar  shunt  or  compound-wound  type,  set  horizoatally. 
Early  motors  were  set  vertically.  The  horizontal  arrangement  makes  the 
machine  lower  and  more  compact.  The  armature  is  drum-wound,  with 
formed  coils  imbedded  in  slots,  and  is  built  on  a  separate  sleeve,  so  that  the 
shaft  is  removable.  The  motor  is  tested  at  the  factory  at  30  h.p.  for  one 
hour  continuously,  totally  inclosed,  or  three  hours  continuously  at  this 
toad  with  open  construction.  The  average  power  consumed  when  cut- 
ting coal  is  14  to  22  h.p.  for  an  average  period  of  30  min.  cutting,  depend- 
ing on  the  hardness  of  the  coal  and  the  speed  of  the  machine,  so  that  if 
eight  rooms  are  cut  in  10  hr.  time  the  machine  would  deliver  from  40  to  66 
per  cent,  of  the  rated  capacity,  for  a  total  of  4  hr.  For  the  remainder  of 
the  time,  while  loading  and  moving  the  machine  from  place  to  place, 
about  4  h.p.  are  consumed.  Insulation  tests  are  made  at  the  factory, 
under  a  pressure  of  5,000  volts  alternating  current.  The  motor  and  gear- 
ing are  fuUy  protected  by  a  tight  casing.  Access  is  had  to  the  commutator 
and  brush  holders  through  a  hand-bole  cover  in  the  top  of  the  frame,  fitted 
with  a  protected  glass  window,  so  that  the  action  of  the  commutator  and 
brushes  may  be  observed  while  the  machine  is  at  work.  The  controller  is 
inside  the  housing  and  is  equipped  with  a  magnetic  blow-out  coil. 

The  electric  connections  are  mounted  on  a  slate  base,  inclosed  in  a 
tight  box.  The  reverse  switch  is  interlocking,  and  cannot  be  thrown  out 
when  the  machine  is  at  work.  The  rheostat  used  is  made  of  laminated 
iron  punchings,  insulated  between  with  mica,  so  as  to  be  practically  inde- 
structible from  burn-outs  and  grounds. 

The  cutter  bar  is  of  rigid  built-up  construction,  with  the  top  and  bot- 
tom smooth,  so  that  it  cannot  be  blocked  by  falling  coal  or  caught  by 
rough  bottom.  The  cutter  bits  are  set  in  blocks  in  a  strap  link  chain,  and 
the  construction  of  the  guides  is  such  as  to  practically  eliminate  side  play. 
The  bits  are  staggered,  in  from  five  to  nine  positions,  depending  on  the 
character  of  the  coal  to  be  cut.  Either  pick  or  chisel  point  bits,  or  both, 
are  employed,  depending  on  local  conditions.  When  the  coal  cores,  or 
when  the  cutting  is  in  thin  sheets  of  sulphur,  the  larger  number  of  posi- 
tions is  used  to  prevent  the  links  from  being  cut  out. 

Method  of  Feeding  ' 

The  machine  is  moved  from  place  to  place,  and  handled  in  all  of  its 
operations,  by  a  heavy  chain  of  standard  link  patterns,  which  engages 
sprockets,  operated  by  feed  gearing,  this  being  protected  by  an  adjustable 
friction  clutch.  This  friction  clutch  is  set  by  a  dynamometer  to  slip  at  a 
certain  pull,  slightly  greater  than  that  required  to  cut  average  coal,  and 
well  within  the  hmit  of  strength  of  the  feed  gearii^.  This  constitutes  an 
absolute  safeguard  gainst  strain  or  breakage.  The  machine  weighs  5,000 
lb.  and  stands  23  in.  in  height,  so  that  it  may  be  used  in  any  coal  that 
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may  be  developed  oa  the  room-aad-pillar  plan.  It  is  at  present  being 
used  in  mines  in  which  the  coal  is  only  16  in.  thick,  and  in  which  roof 
and  bottom  must  be  taken  up  to  permit  the  passage  of  the  machine.  In 
this  case,  the  cutting  is  done  in  the  fire  clay  below  the  coal. 

Method  of  Operaiion 

To  describe  the  method  of  operation  of  the  continuous-cutting 
machine,  the  reader  is  asked  to  refer  to  Figs.  2  and  3.  Fig.  2  shows  the 
plan  used  in  cutting  mine  rooms  with  the  familiar  chain  breast  cutter.     As 


will  be  noted,  the  machine  cuts  the  coal  in  a  series  of  runs,  or  bords,  each 
about  the  width  of  the  cutter  bar.  It  ia  held  to  its  work  for  each  run,  or 
cut,  by  a  rear  jack— sometimes  by  an  additional  front  jack  or  prop. 
When  the  cutter  bar  has  been  run  to  its  full  depth  under  the  coal,  the 
motor  is  reversed  and  the  bar  backed  out.  The  props  or  jacks  are  then 
taken  down,  and  the  operator  and  his  helper  move  the  machine  i^ong  the 
face  until  fresh  coal  is  encountered,  for  a  new  bord,  or  run.  This  work  is 
done  with  crowbars  and  is  very  laborious.  The  jacks  are  then  reset  and 
the  operation  is  repeated. 

It  will  be  seen  that  the  necessity  for  baekii^  out  the  machine  for  each 
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fresh  cut  makes  necessary  a  space  between  the  face  and  props  sufficient 
for  this  purpose,  which  ranges  from  11  to  14  ft.  with  this  type  of  machine. 
In  case  the  roof  is  so  poor  that  this  cannot  be  done,  then  the  props  must  be 


Fig.  4. — Machine  ENTERmo  the  Room. 

moved  as  the  machine  is  moved  across  the  room.  In  weak  top,  the  con- 
tinued bracing  of  the  rear  jack  bar  against  the  roof,  and  the  consequent 
weakening  of  the  latter,  are  an  additional  cause  of  danger. 

Fig.  3_;shov.'i>  the  method  of  operation  of  the  continuous  coal  cutter. 


Fio.  5. — UNr,oADiNO  Machine  from  t 


After  the  sumping  cut  has  been  made  at  one  of  the  ribs,  usually  the  right, 
in  the  same  manner  as  with  the  breast  machine,  the  machine  leaves  its 
frame,  or  pan,  the  chain  is  attached  to  an  anchor  jack  at  the  left-hand  cor- 
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ner  of  the  room,  aad  behind  the  mschine  to  a  ratchet  or  take-up  rig.  It 
is  then  started  feeding  along  the  face  under  its  own  power,  cutting  as  it 
goes,  and  13  not  withdrawn  until  the  further  rib  is  reached.     The  series  of 


THE  SuMpiNO  Cut, 

photographs,  Figs.  4  to  12,  show  the  cycle  of  operations  of  the  Ironclad 
machine.  They  were  taken  especially  for  this  purpose  at  the  Furnace 
Run  mine  of  the  Allegheny  River  Mining  Co.,  near  Kittanning,  Pa. 


Fio,  7. — End  of  Sumpino  Cut. 

Fig.  4  shows  the  machine  on  its  self-propelling  truck,  moving  from  the 
heading  into  the  room.  The  coal  in  these  rooms  was  from  36  to  42  in. 
high.     This  picture  shows  the  customary  method    of  transporting  all 
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equipmeat  used  with  the  machine,  and  Bometimes  one  or  both  of  the  oper- 
ators, upon  it  while  moving. 

Iq  Fig.  5,  the  truck  wheels  have  been  blocked  and  the  machine  is 
unloading  from  its  truck  on  to  the  floor  of  the  room,  traveling  on  the 
feed  chain,  which  is  anchored  by  a  jack,  shown  at  the  right-haad  side. 

In  Fig.  6,  the  machine  has  been  squared  with  the  right-hand  rib  and  is 
ready  to  make  the  sumping,  or  rib,  cut — in  this  case  on  an  angle  iron  or 
sumping  bar,  used  instead  of  the  regular  pan  or  frame. 

Fig.  7  shows  the  machine  at  the  end  of  the  sumping  cut.  The 
takeup  rig  and  front  jack  have  been  set  in  position,  to  permit  the  contin- 
uous undercut  across  the  face.  The  cutter  bar  is  under  the  coal  and 
the  machine  has  already  begun  to  cross  the  face. 

The  cutter  bar  is  ordinarily  under  the  coal,  from  one  side  cf  the  room 
to  the  other,  cuttii^  to  the  full  depth  of  the  bar  and  making  guarda  tor  the 


Fio.  8,— CnTTiNa  Otrr  Solphub  Balls. — PiaaT  Position  op  MACHnn. 

cutter  chain  unnecessary.  Thii  is  not  the  case,  however,  when  impurities 
such  as  sulphur  balls,  spar,  or  clay  veins  are  encountered.  The  way  in 
which  such  difficulties  are  overcome  deserves  explanation.  It  is,  of 
course,  undesirable  to  leave  these  in  the  coal,  as  they  hinder  proper  shoot- 
ing and  rolling  out  of  the  coal,  after  the  cut  is  completed.  It  is  also 
undesirable  to  back  the  machine  out  and  re-sump  it  on  the  other  side  of 
the  obstruction.  The  procedure  with  this  machine  is  as  follows:  The 
feed  chain,  at  the  take-up  rig  behind  the  machine,  is  slackened  up,  allow- 
ing the  body  of  the  machine  to  cut  ahead  at  an  angle,  as  shown  in  Fig.  8. 
This  cuts  the  coal  away  in  front  of  the  obstruction.  When  this  has  been 
done,  the  machine  is  drawn  back  on  its  feed  chain,  to  Mie  right,  and  the 
point  of  the  cutter  bar  forced  to  feed  ahead,  behind  the  obstruction. 
When  it  is  thus  freed  on  tliree  sides,  it  is  usually-easy  for  the  machine  to 
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jerk  out  the  sulphur  ball,  and  cutting  is  then  resumed  in  the  usual  way. 
F^.  9  shows  the  machine  in  the  second  position  referred  to  above. 


9. — Cdttino  Out  Solphub  Balls. — Second  Position  of  Machine. 


10  the  machine  is  shown  at  the  left  rib,  ready  to  back  out.     The 

the  cutter  bar  has  been  thrown  to  the  left  by  manipulating  the 

so  that  the  point  of  the  bar  will  follow  the  line  of  the  feed  chain, 


Fio.  10. — Machine  Ready  to  Back  Out. 


I      as  shown  at  the  left  of  the  picture,  on  its  way  out,  leaving  a  perfectly 
I      strught,  square  rib. 
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Fig.  11  shows  the  machine  reloading  itself  on  to  the  self-propellii^ 
truck. 

The  room  in  which  this  machine  has  just  been  seen  at  work  is  shown  in 
Fig.  12  after  having  been  shot  down,  the  center  or  break-down  shot  havii^ 


Fio.  11. — Reloading  tbe  Machine  on  the  Truck. 

been  fired.  The  rib  shots  have  not  yet  been  dischat^ed.  This  shows  the 
freedom  with  which  the  coal  i&  thrown  out,  after  the  machine  undercuts, 
and  the  large  proportion  of  lump  coai  which  it  contains. 


Fia  12. — View  of  Room  After  Break-Down  Shot. 

Referring  to  Fig.  8,  an  element  of  interest  is  the  nature  of  the  cuttings 
made  by  the  machine.  This  picture  and  some  of  the  others  show  bow 
coarse  these  cuttings  are,  being,  not  dust  or  slack,  but  often  of  a  grade 
suitable  for  marketing  afe  pea  coeiI,  or  even  as  chestnut.     The  height  of  the 
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mining,  or  kerf  made  by  the  machine,  is  5}  in.,  and  in  the  case  shown  in  the 
pictures  was  6)  ft.  deep  under  the  coal.  As  intimated  above,  three  shots 
are  required,  the  holes  being  bored  one  in  the  middle  and  one  at  each  rib, 
6J  ft.  deep,  straight  in  from  the  face.  The  rib  shota  consisted  of  car- 
tridges 14  in.  long  and  1}  in.  in  diameter;  and  for  the  center  shot,  a  car- 
tridge IS  in.  long  by  Ij  in.  in  diameter. 

As  will  be  seen  from  the  debcription  and  photographs,  the  method  of 
operation  of  the  machine  secures  for  it  a  much  higher  cutting  speed  than 
is  possible  with  the  breast  machine  or  with  the  puncher.  It  ia  safer  to 
operate,  because  it  is  so  compact  that  props  may  be  set  permanently  within 
6  ft.  of  the  face,  the  machine  passing  between  them  while  cutting  across 
the  room.  In  tender  coal,  which  has  a  tendency  to  fall  while  being  cut, 
the  narrow,  solid  cutter  bar  and  the  method  of  operation  permit  the 
machine  to  proceed  without  delay,  cutting  itself  free  in  all  cases.  The 
continuous  cutter  moves  uniformly  along  the  floor,  leaving  an  open,  free 


Pio.  13. — AiTERNATiNO-CuRRBNT  InoNCLAD  Continuous  CirrriNO  Machine. 

cut  with  no  ribs  or  sprangs  at  the  back  to  hinder  shooting.  It  follows 
rolls  or  unevennesses  in  the  floor  readily.  The  small  space  which  it 
occupies  in  front  of  the  face  means  less  work  in  clearing  away  the  debris 
after  shooting,  and  also  enables  cars  to  be  brought  closer  to  the  fcice  of  the 
room,  facilitating  loading.  All  operations  of  the  machine  are  made  under 
its  own  pwwer.  No  hand  barring  or  heavy  liftingis  necessary.  This  is  an 
important  feature,  particularly  in  low  coal,  as  it  permits  the  use  of  a 
heavy,  substantial  machine  of  adequate  strei^th  for  the  severe  duty 
which  coal-mining  work  imposes  upon   it. 

In  flexibility  and  adaptability  to  working  conditions,  the  Ironclad 
stands  second  only  to  the  puncher  or  pick  machine.  When  first  intro- 
duced, it  was  thought  that  its  field  would  be  confined  to  wide  places  or 
rooms  or  long-wall  faces.  The  speed  with  which  the  machine  can  be 
handled,  and  with  which  it  cuts,  however,  have  disproved  this  idea,  and 
it  is  now  regularly  used  for  cutting  entries  and  break-throughs  as  narrow  as 
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7  or  8  ft  Perfectly  straight  entries  are  driven,  by  using  the  pan  or  start- 
ing frame  at  the  sumpiog  rib,  and  at  the  other  rib,  by  cramping  the  cutter 
bar,  as  illustrated  in  Fig.  11.  In  an  Illinois  mine,  a  new  runner  has  cut 
seven  8-ft.  entries  in  less  than  5  hr.  In  the  same  mine,  aaother  machine 
cut  thirteen  9-ft.  entries  in  7)  hr.,  including  all  movements  of  the  mar 
chine,  with  two  moves  of  over  1,000  ft.  One  entry  was  cut  in  13  min., 
including  unloading  and  setting  the  machine.  In  drawii^  pillars,  this 
machine  is  more  valuable  than  any  other,  because  of  its  ability  to  cut  id 
either  direction,  so  that  it  can  always  cut  away  from  an  unstable  roof. 
The  machine  lends  itself  particidarly  to  pitchii^  coal.  It  has  been 
operated  successfully  and  without  extra  labor — that  is,  with  the  usual 
rimuer  and  helper— in  rooms  driven  across  a  pitch  of  25°  and  in  rooms  and 
entries  driven  up  a  pitch  of  20°.  An  element  in  the  successful  operation  of 
the  machine  which  is  of  particular  interest  is  the  method  of  protecting  the 
feed  gearing  by  means  of  the  friction.  The  speed  of  the  continuous  cutter 
^ong  the  face  of  the  coal  is  regulated  by  feed  gears,  supplied  for  speeds  of 
12  to  36  in.  per  minute.  When  cutting  harder  than  the  averse  is  encoun- 
tered, or  when  impurities  occur,  the  friction  shps;  as  the  cutter  chain  is 
positively  driven,  it  maintains  its  speed,  thus  allowing  the  machine  to  keep 
in  motion  at  a  reduced  speed,  and  to  cut  much  harder  material  theui  if  the 
feed  gears  were  positively  driven,  as  well  as  preventing  str^n  and  break- 
f^e.  If  the  runner  should  try  to  continue  cutting  after  the  bits  are  too 
dull  the  friction  wlD  indicate  the  need  of  fresh  bits,  by  slipping.  The  pro- 
tection which  this  friction  affords  to  all  parts  of  the  machine  may  be  in<U- 
cated  by  one  or  two  concrete  examples.  In  the  No.  5  coal  seam  at  Bick- 
nell,  Ind.,  a  band  of  sulphur  reduces  the  roinii^  space  to  a  strip  only  3  to 

8  in.  high,  and  in  this  restricted  area,  sulphur  balls  and  black-jacks  fre- 
quently occur.  When  the  top  or  bottom  of  this  small  space  is  struck,  or 
when  sulphur  balls  are  encountered,  the  friction  slips,  thus  preventing 
damage  to  the  gearing  and  other  parts  of  the  machine.  It  is  frequently 
necessary  in  a  room  in  this  seam  to  replace  the  dull  cutter  bits  foiu-  or  five 
times,  and  yet,  over  a  period  of  years,  during  which  the  machines  have 
been  at  work,  the  cost  of  repairs  on  the  machines  themselves  has  been 
relatively  light. 

At  a  New  Mexico  coal  mine,  operating  in  anthracite,  the  seam  is  32 
in.  high,  and  pitches  25°.  It  carries  sulphur  balls  and  seams  near  the 
floor.  There  is  also  a  seam  of  draw  slate,  from  1  to  2)  ft.  thick,  overlying 
the  coal.  Thiscomes  down  with  it,  and  must  be  drawn.  It  is  often  neces* 
sary  to  have  the  gob  within  5  ft.  of  the  face.  Sullivan  machines  were 
installed  here,  and  men  who  had  never  run  them  before  were  employed  to 
operate  them.  Owing  to  the  restricted  space  in  front  of  the  coal,  it  is 
impossible  for  them  to  back  out  the  machine  and  sump  it  ahead  of  an 
obstruction.  They  are  unable  to  tell  what  they  are  cutting,  or  whether 
the  bits  are  dull  or  sharp,  by  the  sound  of  the  machine,  and  therefore 
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trust  to  the  machine  itself  as  loog  as  it  will  feed.  When  the  friction  ceases 
to  feed  the  machine  is  stopped,  the  bits  are  changed  and  work  begun 
again.  la  this  instance,  if  the  friction  arrangement  were  not  present, 
it  would  be  impossible  to  cut  coal,  without  tearing  the  machine  to  pieces. 
It  is  not  unusual  to  put  in  fresh  bite  four  or  five  times  in  one  room  40  ft. 
wide. 

In  a  Colorado  mine,  where  these  machines  were  installed  to  make  it 
possible  to  work  a  seam  with  an  especially  poor  roof,  unlooked-for  advan- 
tages were  secured.  It  is  not  only  possible  to  prevent  the  roof  from  fall- 
ing, but  the  proportion  of  lump  coal  has  been  increased  20  per  cent,  over 
the  output  when  mining  by  hand,  and  the  cost  of  production  has  been 
decreased  18c.  per  ton. 

Recent  Improvemenis 

Reoers^tilily. — A  number  of  improvements  and  new  developments  have 
recently  been  made  in  the  machine.  The  first  and  perhaps  the  most 
interesting  of  these  is  the  fact  that,  as  now  manufactured,  these  machines 
are  reversible;  that  is,  by  reversii^  the  cutter  bits  in  the  chain  the 
machine  may  be  operated  from  right  to  left  in  the  room,  or  from  left  to 
r^ht,  as  required.  It  is  necessary  in  some  mines  to  cut  some  rooms  from 
left  to  right  and  others  from  right  to  left,'  and  this  ability  to  reverse  the 
direction  of  cutting  enables  one  machine  to  take  the  place  of  two,  as  pre- 
viotisly  constructed,  and  to  cover  a  territory  in  which  both  right-hand  and 
left-hand  rooms  are  found.  The  operation  of  reversing  occupies  only  a 
few  moments. 

Increased  Depth  of  Undermining. — It  used  to  be  accepted  as  axiomatic 
in  coal-mining  practice  that  coal  could  not  be  undermined  to  a  depth 
greater  than  the  thickness  of  the  seam.  Recent  practice  has  shown  that 
this  rule  does  not  hold  good  under  certain  conditions,  and  that  the  depth 
to  which  a  given  seam  of  coal  may  be  miiwd  depends  on  other  circum* 
stances  than  the  height  of  the  face.  Among  these  may  be  mentioned  the 
chu^cter  of  the  roof  and  bottom,  the  presence  or  absence  of  impurities 
in  the  coiU  or  of  partings,  and  the  character  of  the  coal  itself;  that  ia, 
whether  it  is  solid  and  tight,  requiring  hard  shooting,  or  whether  it  breaks 
out  freely  and  rolls  forward  with  the  expenditure  of  little  powder. 

There  are  a  number  of  districts  in  which  the  coal  is  being  r^ularly 
undercut  to  a  greater  depth  than  the  height  of  the  seam. 

In  this  connection,  the  Iroadad  machine  promises  to  be  of  increasing 
value  to  coal  operators,  due  to  its  ability  to  cut  to  greater  depth  than  has 
been  considered  possible  until  recently.  The  longest  cutter  bar  employed 
up  to  a  year  or  two  ago  on  a  continuous-cutting  chain  machine  was  6J  ft., 
although  some  breast  machines  have  been  fitted  with  bars  as  long  as  7  ft. 
6  in.    At  Gary,  W.  Va.,  in  the  mines  of  the  United  States  Co^  &  Coke  Co., 
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it  was  determined  by  experiment  that  the  coal  could  be  undermined 
safely  and  economically  to  a  greater  depth  than  the  height  of  the  seam. 
Cutter  bars  8  ft,  long  were  satisfactorily  handled  by  the  Sullivan  machines, 
due  to  their  substantial  and  powerful  construction.  Later  on,  bars  10  ft. 
4  in.  in  length  were  installed,  and  run  without  damage  to  the  machines, 
and  without  developing  other  undesirable  factors.  This  increase  in  the 
length  of  the  cutter  bar,  of  course,  increases  the  efficiency  of  the  machines 
materially.  It  has  been  found  at  Gary,  and  at  other  points  where  the 
longer  bars  have  been  adopted,  that  the  time  and  power  required  to  cut  to 
the  greater  depth  are  only  slightly  in  excess  of  the  amounts  required  to 
cut  to  a  depth  of  6  or  6^  ft.  This,  of  course,  depends  on  local  conditions, 
which  at  Gary  are  favorable  for  this  excellent  performance. 

At  Gary,  the  coal  in  the  different  mines  is  of  different  heights,  ranging 
from  4|  to  8  or  9  ft.  By  using  short  cutter  bars  in  the  high  coaJ  and  longer 
cutter  bars  in  the  low  coal,  it  is  possible  to  arrange  the  cuttii^  so  that  the 
loaders  are  able  to  load  the  coal  cut  in  each  room  in  a  certain  stated  time, 
and  so  as  to  give  each  loader  a  full  day's  work  at  all  times,  no  matter  what 
the  height  of  the  coal. 

Self-Winding  Reel.— -An  improvement  of  minor  importance  is  the  self- 
windii^  reel  for  the  self-propelling  truck.  This  device  enables  the 
machine  to  pick  up  its  own  cable,  after  it  has  l>een  extended,  in  entering 
a  room  or  headii^. 

Indosure  of  Motors. — The  motors  of  the  machine  as  at  prraent  designed 
meet  the  requirements  of  the  new  mining  laws  of  the  United  States,  and  in 
various  foreign  countries  as  well.  The  motor  may  now  be  chained 
readily  from  the  open  type  to  the  totally  inclosed,  or  to  the  flame-proof 
pattern,  by  alterations  in  the  field.  Frequently,  electric  machines  are 
installed  in  mines  where  there  is  no  indication  of  gas.  As  development 
advances  gas  may  be  encountered,  necessitating  a  gas-proof  machine.  In 
earlier  designs  a  new  motor  of  larger  dimensions  would  havebeen  reqiured, 
to  permit  running  totally  inclosed.  The  Ironclad  is  designed  to  operate 
totally  inclosed,  without  danger  of  overheating,  and  the  motor  frame  is 
arranged  to  permit  the  changes  mentioned,  at  small  expense. 

AUemating-Current  Motors 

Perhaps  the  greatest  advance  in  the  construction  of  electric  mining 
machinery  is  indicated  by  the  fact  that  alternating-current  motors  are 
now  available  for  this  class  of  machinery.  The  rapid  increase  in  recent 
years  in  the  distribution  of  electrical  power  from  central  stations  has 
brought  with  it  increased  demand  for  machinery  operated  by  alternating 
current,  thus  obviating  the  cost  of  a  motor-generator  set  to  convert  the 
alternating  current  carried  by  transmission  lines  to  direct  current.  Fig. 
13  shows  the  Suilivan  alternating-ciurent  machine. 
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The  motor  employed  in  tbb  aew  pattern  is  of  the  squirrel-cage  ioduO' 
tion  type,  and  may  be  wound  for  220,  440,  or  500  volts,  and  for  25  or  60 
cycles,  as  desired.  It  is  rated  at  30  h.p.,  and  is  completely  inclosed  so  as 
to  be  gas-proof.  All  joints  in  the  heavy  steel-plate  motor  casing  are  care- 
fully machined,  to  insure  protection  f^ainst  the  entry  of  gas.  This 
type  possesses  several  distinct  advantages  over  other  forms  of  polyphase 
motors.  The  controller  has  three  positions — neutral,  starting,  and  full 
load.  When  starting,  the  lever  is  thrown  over  to  the  right  on  a  star,  or 
"  Y,"  connection.  This  admits  50  per  cent,  of  the  current.  The  lever  is 
then  thrown  quickly  to  the  left,  on  to  the  full-load  position,  indicated  by  a 
Delta.  This  method  of  control  by  varying  the  electro-motive  forces 
applied  to  the  motor  leads  to  two  important  advantages — one  mechanical, 
the  other  electrical.  With  this  form  of  control  there  are  no  r^ulating 
appliances  on  the  motor,  which  is  consequently  of  a  very  simple  form. 
The  electrical  advantage  consists  of  low  magnetic  leakage,  absence  of 
brushes,  slip-rings,  etc.  A  further  advantage  lies  in  the  high  pulling-out 
torque.  If  a  heavy  overload  or  one  having  great  inertia  be  suddenly 
thrown  on  a  motor  that  has  a  high  torque  curve,  the  point  of  mwcimum 
torque  may  be  passed  for  an  instant,  and  the  motor  will  be  stopped  unless 
the  load  is  quickly  removed.  A  squirrel-cage  motor  of  good  design  may 
have  its  speed  pulled  down,  but  this  reduction  in  speed  gives  an  increased 
torque,  thus  enabling  the  motor  to  carry  the  overload.  This  motor  has  a 
starting  torgue  laiger  than  the  full-load  running  torque,  and  is  thus 
able  to  start  almost  any  load  within  its  rated  capacity.  The  power  fac- 
tors are  high  and  the  motor  efficiencies  excellent  over  a  wide  rai^e  of  load. 
The  squirrel-cage  motor  will  stand  all  kinds  of  abuse,  and  is  practically 
indestructible  from  burn-outs  due  to  overload.  It  is  equpped  with  ball- 
bearings. 

la  regard  to  power  consumption,  it  may  be  stated  that,  due  to  the  fact 
that  this  motor  is  very  fast  in  starting,  although  it  occasions  a  high  load 
to  be  thrown  on  the  power  line  temporarily,  there  is  very  little  difference 
in  the  actual  wattage  consumed  in  starting  either  this  type  of  motor  or  the 
stip-ring  motor,  because  the  latter  t^ee  much  longer  to  get  up  speed. 
The  machines  equipped  with  this  alternating-current  motor  have  been 
found  to  operate  very  successfully  in  hard  cutting.  If  the  load  thrown  on 
the  machine  is  too  great  the  motor  will  stop,  and  this  provides  an  added 
element  of  protection  to  the  mechanical  parts  of  the  machine. 

One  of  the  fields  in  which  these  machines  have  been  installed  with  not- 
able success  is  in  Colorado.  Many  of  the  mines  in  this  field  are  within 
a  short  distance  from  the  transmission  line  of  some  one  of  the  lai^e  central 
electric  power  companies.  For  a  mine  under  development,  the  alternat- 
ing-current machine  is  a  valuable  adjunct.  The  high  cutting  speed  of  the 
machine  and  its  adaptabiUty  to  mine  working  conditions  result  in  rapid 
opening  up  of  working  places  and  in  economy  of  time  and  labor,  while  a 
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tranaformer  constitutes  all  the  power  plant  necessary.  In  the  Colorado 
field,  observations  on  the  alternating-current  machines  that  have  been 
installed  there  indicate  that  they  possess  a  capacity  and  ability  to  over- 
come difficult  conditions,  even  more  noteworthy  than  the  same  machines 
equipped  with  direct-current  motors.  In  point  of  power  consumption, 
the  alternating-current  machine  has  an  advantage  over  the  direct-current 
type  in  nearly  all  oases.  The  efficiency  of  the  motors  is  practically  the 
same.  The  fact  that  the  alternating-current  machine  muntains  constant 
speed,  and  therefore  has  a  constant  cutter-chain  speed,  makes  its  power 
consumption  less  per  unit  of  cutting  on  the  average  per  day  than  that  (^ 
the  direct-current  type,  as  the  latter  slows  down  when  overloaded  or  up 
against  hard  conditions,  which  increases  its  power  consumption  per  unit 

of  GUttil^. 

(   ■        When  to  Install  AUernating-Curreni  Machines 

In  deciding  whether  to  install  machines  for  alternating  or  direct  cur- 
rent a  number  of  factors  are  to  be  considered.  When  power  is  purchased 
from  a  power  company,  it  simply  is  run  through  a  transformer  to  bring  it 
to  proper  voltage  for  the  alternating-current  machine;  while  if  the  same 
power  is  to  be  applied  to  a  direct-current  machine  it  must  first  pass 
through  the  same  transformer,  and  then  through  a  rotary  converter  or  a 
motor-generator  set.  The  rotary  converter  will  operate  at  from  90  to  93 
per  cent,  efficiency,  and  the  motor-generator  set  at  from  75  to  85  per  cent, 
efficiency,  so  that  the  over-all  efficiency  of  the  direct-current  plant  in  this 
case  is  considerably  less  than  that  of  the  alternating-current  plant. 
Transformer  losses  are  small,  and  are  the  same  in  both  cases. 

This  same  situation  exists  in  the  case  of  a  large  coal  company,  having  a 
group  of  mines  equipped  with  central  alternating-current  plant,  and  dis- 
tributing to  the  various  mines.  If  direct-current  machines  are  installed 
in  these  mines,  a  mile  or  more  away  from  the  power  house,  a  motor- 
generator  set  or  a  rotary  converter  must  be  installed;  whereas  if  the 
alternating-current  machines  are  adopted  transformers  are  sufficient. 
Motor-generator  sets  or  rotary  converters  cost  about  three  times  as  much 
as  transformers,  installed  in  the  same  size  units,  and  transformer  stations 
can  be  increased  or  decreased  more  easily  than  motor'^enerator  seta,  pro- 
vided that  some  comparatively  small  sized  transformer  is  adopted  as  the 
unit.  Transformers  are  also  much  more  easily  handled  and  moved  from 
place  to  place  in  the  mine,  as  the  mine  is  developed,  and  for  this  reason  a 
better  voltage  is  likely  to  be  had,  with  smaller  wires  and  smaller  copper 
cost,  than  where  the  direct-current  machines  and  motor-generator  sets  are 
used.  The  motor'^enerator  sets  cannot  be  moved  ahead  as  frequently  as 
transformers. 

In  a  mine  of  sufficient  size  to  use  haulage  motors  direct  current  must  be 
available  to  operate  them,  as  the  alternating-current  haulage  motor  is 
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not  yet  a  commercial  success.  While  it  may  be  difficult  for  mine  owners 
to  Bee  the  sdvant^e  of  running  the  chain  machines  separate  from  the 
h&ulage  circuit,  it  b  in  general  advisable  to  adopt  this  practice  for  best 
results.  The  development  of  mines  frequently  causes  the  sises  <tf  wire 
employed  to  become  too  small,  although  they  may  be  of  proper  sise  when 
installed.  This  results  in  low  voltage  for  the  chain  machines  when  the 
haulage  motor  is  in  their  territory,  causing  delays  for  both  the  machines 
and  the  haulage  motors.  If  the  mine  is  a  large  one,  covering,  say,  a 
section  of  ground,  the  trolly  wire  cannot  be  carried  large  enough  to  carry 
the  chain-machine  load  at  the  boundary  of  the  property,  without  feeders 
of  tai^e  size  to  help  it  out.  It  would  seem  practicable  to  run  these  feeders 
separate,  and  use  them  as  a  chiun-machine  circuit,  even  on  dTect-current 
machines;  and  if  alternating-current  machines  are  adopted  the  copper 
cost  will  be  very  much  less  in  the  end,  provided  the  State  laws  do  not  pro- 
hibit the  use  of  voltages  as  high  as  2,300  or  440  to  transformer  stations, 
even  thoi^  250  volts  may  be  used  on  the  machines  themselves. 

Another  condition  frequently  encountered  is  that  of  a  mine  located 
along  the  power  line  of  some  large  central  power  company.  There  are  a 
number  of  such  mines  in  southern  Colorado,  having  an  output  of  from  100 
to  400  tons  per  day.  The  power  company  charges  aflat  sub-station  charge 
of  S50  per  month  for  coimecting  up  to  a  mine,  and  SI  per  kilowatt  for 
each  kilowatt  of  transformer  capacity  per  month.  In  addition  to  this, 
the  sliding  rate  per  kilowatt-hour  of  the  actual  power  consumed  will 
range  frcon  1.6c.  per  kilowatt-hour  to  O.Sc.  per  kilowatt-hour,  depending 
upon  the  quantity  consumed.  For  a  plant  using  one  chfun  machine,  they 
figure  on  a  30  kw.  transformer  capacity.  For  a  two-machine  plant,  they 
figure  on  installing  45  kw.  transformer  capacity,  and,  from  their  experi- 
ence, they  estimate  that  an  Ironclad  alternating-current  machine  uses  on 
an  average  600  kw-hr.  per  month.  The  power  company  installs  all  wires, 
poles,  transformers,  meters,  switches,  lightning  uresters  and  connections, 
up  to  and  including  the  switch  on  the  secondary  side  of  the  transformer. 
A  company  at  Walsenburg  is  connected  on  this  basis,  and  is  producing  125 
to  130  tons  of  coal  per  day,  cut  by  one  alternatii^-current  machine.  A 
fan,  pump,  shaker  screen,  and  pulley  are  alt  operated  by  alternating-cur- 
rent motors  and  their  power  bill  now  runs  from  S105  to  SllO  per  month. 
This  would  not  pay  the  wages  of  the  fireman  necessary  to  operate  a  power 
plant,  and  the  original  investment  of  boilers,  generator,  and  engine  ia,  of 
course,  eliminated.  The  coal  company  esi'mates  that  about  $30  of  this 
amount  is  a  proper  proportion  to  be  charged  against  the  chain  machine. 
Twenty-five  hundred  tons  per  month  has  been  a  recent  average  of 
machine-mined  coal  at  this  mine.  If  the  alternating-current  machines 
had  not  beenavailable  for  this  property  a  motor^^enerator  set  and  a  direct- 
current  machine  must  have  been  installed.  The  motor-generator  set 
would  have  coat  from  $900  to  f  1,000  installed,  which  shows  considerable 
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differeDce  in  favor  of  the  alternaUng-current  machine  in  the  first  cost. 
The  power  bill  and  the  expense  in  upkeep  of  the  motor-generator  set  would 
also  run  their  maintenance  charges  up  considerably. 

Still  another  case  for  consideration  is  that  of  a  mine  owning  a  few 
direct-current  machines,  which  has  reached  the  limit  of  generator  capa- 
city. The  question  arises  whether  or  not  it  would  be  advbable  to  put 
in  an  alternatii^-current  generator,  to  take  care  of  five  or  sax  more 
machines  of  the  alternating-current  type.  If  the  mine  is  permitted  to 
use  only  250  volts  on  the  ground,  it  should  undoubtedly  continue  to  install 
direct-current  machines.  If  possible  to  run  in  with  a  440-volt,  660-volt 
or  2,300-volt  line,  properly  protected,  stepped  down  to  220-volt  machiites, 
it  would  be  advisable  to  put  in  alternating-current  generators  and  alter- 
nating-current machines,  rearrange  the  circuits  underground  so  that  the 
direct-current  machines  could  be  kept  close  to  the  power  house,  and  carry 
the  alternating-current  lines  out  for  machines  operatii^  toward  the 
boundaries  of  the  property.  This  applies  where  the  alternating-cuirent 
machines  will  be  located  2,500  or  3,000  ft.  or  more  from  the  power 
house. 

From  the  above,  it  would  appear  that  the  field  for  the  direct-current 
machine  is  in  the  small  isolated  mine,  with  individual  power  plant,  or  in 
mines  located  in  States  where  voltages  are  limited  to  275  volts,  and  the 
mine  is  already  equipped  with  direct-current  machines.  Where  only  one 
or  two  machines  are  to  be  used  this  leaves  an  ^ctremely  large  field  for  the 
alternating'Gurrent  machine,  and  it  is  probably  safe  to  say  that  on  new 
installations  the  alternating-current  chain  machine  can  be  applied  in 
seven  cases  out  of  ten,  and  the  outlook  for  the  increased  use  of  this  type  of 
machine  is  very  bright.  The  adoption  of  alternating-current  chain 
machines  and  the  development  of  a  motor  of  this  type  have  been  handi- 
capped hitherto  by  the  backwardness  of  the  electrical  manufacturers  in 
bringing  out  a  commercially  successful  haulage  motor,  of  the  alternating- 
current  type,  but  from  the  above  discussion  it  will  be  seen  that  there  are 
many  cases  in  which  alternating-current  coal  cutters  may  be  used  to 
advantage,  leaving  the  factor  of  haulage  out  of  the  question. 

To  give  an  idea  of  the  actual  cutting  capacity  of  the  Ironclad  continu- 
ous coal  cutters  and  of  the  actual  power  and  time  consumed  in  the  various 
operations  of  the  machine,  the  followii^  paragraphs  are  quoted  from  an 
article  by  G.  W.  Thomas.*  It  may  be  said,  roi^hly  speaking,  that  the 
capacity  of  a  breast  machine,  under  favorable  conditions,  is  twice  that 
of  a  puncher,  and  that  of  an  Ironclad,  twice  that  of  a  breast  machine. 

"The  teat  reported  below  ia  of  particular  value,  because  ia  it  espeei&l  efforta  were 
made  to  secure  accurate  observations  and  to  make  the  test  run  conform  to  actual 
working  conditions. 


'  Mine  and  Quarm,  vol.  vi.  No.  4,  p.  628  (June,  1912). 
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"Itwascoadu(;te(ibetweeaDeoeinbeTl3,I911,&iid  January  13, 1912,  in  Mine  No. 
2  of  the  Lumaghi  Coal  Company  at  Collinaville,  Madison  County,  IHinoie,  upon  a 
Sullivan  'Continuous  Cutter.' 

"The  test  waa  to  determine  the  cutting  capacity  and  power  consumption  of  the 
machine,  as  shown  by  measutemente,  time  observations,  and  readings  from  a  recording 
irattmeter." 

"He  number  2  Lumaghi  Mme  lat  which  these  tests  were  run)  .  .  .  works  the 
No.  6  seam,  which  ia  8  ft.  high  and  practically  level,  although  rolls  or  horsebacks 
occur  in  some  localities.  The  coal  varies  in  hardness  in  different  parts  of  the  mine, 
but  ia  free  from  sulphur  or  other  impurities.  There  is  a  good  slate  roof,  so  that 
dose  timbering  is  not  required,  and  mining  is  done  in  the  coal,  as  close  as  possible 
to  the  fire-clay  bottom.  The  mine  was  formerly  worked  on  the  double  entry  plan, 
but  the  panel  system  is  now  in  vi^ue. 

"Two  areas  were  assigned  for  the  test,  in  one  of  which  the  coal  was  rated  as  'hard' 
in  the  other  as  'soft,'  and  a  territory  of  24  rooms  in  each  was  set  aside.  The  work  was 
done  in  these  rooms  and  in  cross-cuts  between  the  rooms.  The  places  ranged  from 
18  to  45  ft.  in  width,  and  averaged  31  ft.  The  SuUivan  machine  first  cut  in  the 
'hard'  territory,  working  three  alt«mate  days,  single  shift.  The  same  procedure  waa 
followed  in  the'soft' territory,  so  that  the  test  covered  six  shifts.  Cutting  in  this  way, 
over  the  territory  described,  enabled  the  loaders  to  keep  enough  rooms  cleaned  up  so 
that  a  full  day's  cutting  was  ready  for  the  machine  every  other  day. 

"The  readings  and  measurements  were  made  by  two  observers,  who  checked  each 
other'sworkand  who  made  affidavit  at  the  conclusion  of  the  test  as  to  the  fairness  of  its 
conditions  and  the  accuracy  of  the  results  contained  in  their  reports. 

TtUdTtg  the  Readings 

"The  obHervations  taken  in  each  working  place  included  the  time,  at  the  beginning 
andendof  each  part  of  the  operation;  the  power  consumed,  shown  on  a  recording  watt- 
meter of  standard  make;  the  average  voltage,  shown  by  a  voltmeter  in  the  room;  the 
width  of  the  room  or  break  through  and  the  depth  of  the  undercut.  After  each  room 
was  completed,  the  wattmeter  was  reset  at  zero. 

"No  readings  were  taken  while  the  machine  was  moving  on  ils  truck,  as  the  test 
had  to  do  only  with  actual  mining,  and,  since  the  length  of  the  moves  varied,  observa- 
tions began  in  each  room  with  the  unloading  of  the  machine  from  its  truck  and  ended 
when  it  was  reloaded  and  ready  to  move  to  the  next  place.  The  following  is  a  sample 
set  of  readings. 

No  2.  East  Sl-ub  Entry  Off  No.  9  Soulk 

Operation:  Time  Watt  Hr. 

Unloading 2,00  0 

Fmished 2.06  150 

Sumping 2.06  150 

Rnished 2.11  600 

Cutting  Face 2.15  600 

Finished 2 .  35  4,300 

Loading 2.50  4,500 

Measurements  and  Readings: 

Average  voltage 226 

Average  depth  cuts .' 73  in. 

Width  of  room 24  ft. 

Watts  per  sq.  ft 30.8 
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'"Unloading'  includes  moving  the  machine  into  place  againet  the  right  rib. 
"The  table  .   .   .  is  a  summary  of  the  six  reports  oovering  the  daily^perfonnance 
of  the  machine. 

"The  machine  bad  24  loaders  assigned  to  it,  and  'kept  up  the  cutting'  for  all  these 


Summary  of  Readings 


Dt>M 

Slo^ 

FuwFwt 

eS 

xr 

Actual 
Ht.  Min. 

Totia  '  WW. 

^^•S^ 

Dec.  13,  1911.., 

6 

las'iff 

70,0 

984.3 

6      17 

43,475    44.1 

191 

Dec.  16,  1911... 

6 

186'  8" 

72,1 

1121.5 

6    26 

48,575  1  43,3 

193 

Dee.  19,  1911... 

5 

145'  2" 

72,1 

872.2 

5     16 

35,600    40,8 

191 

Jan.  4,  1912.  . . . 

6 

149'  6" 

73,1 

910.1 

6    22 

38,8001  42,6 

194 

Jul.  5,  1912.  . . . 

5 

168'  9" 

72,8 

1023-7 

5    42 

45,600 '  44,5 

185 

Jan.  8,  1912.  . . . 

5 

ISl'U" 

70,2 

1064.2 

6    52 

51,900 

48,7 

103 

Total 

32 

1,000'  9" 

71.7 

5976,  oi 

36    45 

263,950 

44,0 

T<d>le  of  Tolah  and  Aoeraget 


Maehina 

Day. 

<ss; 

Plaon 
Cut 

Face 
F«t 

S-^f 

Mii»d       Hoo^ 

Vollace 

Sullivan...      6     1  36.46 

1           1 

32 

1000.75 

71.7 

5,976 

1770.66  263,950 

191.1 

fobfo 

of  Rata 

Muhins 

F«», 
Fwtpw 
Hour 

Fa«. 

Bq,  Ft.  per    j    flq.  Ft.  pet 
Boot               Day 

T.„„ 

W»«  Eoun 

PwSq.  Ft.   1    PwTon 

SulUvan.. 

27.2 

166,79 

162,6 

962,7 

295.11 

44.0      1  147.37 

The  writer  is  indebted  for  information  used  in  this  article  to  the  United 
States  Coal  Reports,  issued  by  E.  W.  Parker,  Statistician,  U.  S.  Geolt^- 
ical  Survey;  and  to  George  W.  Blackinton,  University  Club,  Denver, 
Colo. 
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t  a  meeting  of  the  Ininltute.     If  this  1b  [mpoaslble.  then  (U*cuiiiion  In  writing  may  be 
o  Che  Editor.  Ameiicwi  liuUtute  of  Mining  BngloeBn.  3S9  W«>t  SSth  St,  New  York,  N.  Y. 


Recent  Developments  in  the  Design  of  Jeffrey  Elec^c  Loco- 
motives and  Coal-Cutting  Machines 

BT  8ANFORD  B.  BBLDEN,  COLUUBDS,  OHIO. 
(New  Yoil  Meeting,  Pebniaiy,  1014J 

Mt  topic,  Recent  Developments  in  the  Design  of  Electric  Mine  Loco* 
motives  and  Mining  Machinery,  does  not  require  me  to  go  into  a  general 
review  of  electricity  as  applied  to  the  mining  industry.  Interesting  as 
that  subject  always  is,  what  I  might  say  in  regard  to  it,  by  way  of  intro- 
duction, would  be  unnecessary  use  of  your  time,  since  such  facts  are 
familiar  to  all. 

First,  we  will  consider  the  recent  development  of  the  electric  mine 
locomotive.  We  may  well  pause  for  a  moment  to  reflect  upon  its  impON 
tance  to  the  coal-mining  industry  of  to-day.  With  the  dawn  of  the  electrical 
age  its  advent  was  inevitable.  Our  practical  interest  is  aroused  not  so 
much  by  the  first  crude  effort  as  by  the  great  efficiency  attained  during 
the  30  or  more  years  since  the  electric  locomotive  made  its  first 
appearance. 

To  judge  accurately  what  it  means  to  coal  mining,  and  through  coat 
mining  to  the  industrial  field  at  large,  we  would  have  to  know  how  many  of 
these  locomotives  are  in  use  throi^out  the  country  and  their  ^gregate 
daily  performance,  and  then  compare  the  results  with  what  could  be 
expected  with  other  forms  of  power.  Such  data  are  lacking,  but  it  requires 
no  statistician  to  make  it  evident  that  the  electric  mining  machine  is  a 
tremendous  factor  in  modem  progress,  and  that  without  it  the  work  of  the 
world  could  never  have  reached  its  present  magnitude. 

Not  only  has  the  electric  mine  locomotive  served  its  own  special 
branch  of  usefulness,  but  incidentally  it  has  solved  in  the  main  the  whole 
problem  of  electric  transportation.  It  is  but  a  step  from  the  triumph  of 
a  25-ton  locomotive  leading  a  long  train  of  loaded  coal  cars  from  a  mine  to 
the  electrification  of  common  carriers.  We  may  or  may  not  be  near  any 
great  change  in  this  respect.  Economical  reasons  may  hold  it  back  for 
an  indefinite  period.  But  the  fact  remains  that  in  the  development  of 
our  mine  locomotives  we  have  met  this  larger  emergency,  in  mechanical 
type  and  efficiency,  whenever  it  may  come. 
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Application  of  Fropeb  Locomotive  Speed 

One  of  the  defects  of  the  electric  locomotive  that  early  became  apparent 
was  that  of  excessive  speed.  Both  mfmufacturers  and  the  trade  had  to 
learn  by  experience  the  proper  ratio  of  speed  to  horse-power.  Motor 
equipment  that  gave  from  9  to  10  miles  an  hour,  not  only  meant  unneces- 
sary power,  but  acted  aa  a  detriment.  Motormen  were  compelled  to  use 
the  resistance  in  the  locomotive  .to  control  the  speed  of  the  trip.  This 
caused  a  great  deal  of  resistance  trouble.  While  the  lesson  has  been 
generally  learned,  still  there  are  cases  in  which  the  trade  demands  a  higher 
speed  than  is  necessary. 

Through  the  joint  efforts  of  practical  mining  men  and  manufacturers, 
motors  were  designed  for  the  special  service  required.  Improvement  in 
the  adjustment  of  speed  to  horse-power  has  gone  on  steadily,  until  now 
former  troubles  in  this  respect  are  mostly  a  memory. 

DsTERMININa  HOBSB-FOWEH  CAPACITY 

We  are  able  by  practicaJ  test  to  determine  the  horse-power  capacity 
that  should  be  used  on  a  given  wei^t  of  locomotive.  The  fact  has  been 
established  that  a  locomotive  for  ordinary  haulage  and  gathering  work 
should  have  not  less  than  10  h.  p.  per  ton,  with  a  locomotive  speed 
of  6  miles  per  hour.  In  the  large  haulage  locomotives,  on  which  depends 
the  output  of  a  mine,  .operating  over  hauls  which  are  long  and  where  the 
duty  is  more  or  less  continuous,  there  should  not  be  less  than  12  h.  p. 
per  ton,  at  6  miles  per  hour,  and  from  14  to  15  h.  p.  where  oper- 
atii^  at  speeds  from  8  to  10  miles  per  hour. 

Average  mining  conditions  throughout  the  country  show  that  a  speed 
of  6  miles  per  hour  is  a  practical  speed.  There  are  a  few  rare  cases  where 
a  speed  of  from  8  to  9  miles  per  hour  is  permissible,  but  only  where  the 
haul  is  straight  and  long,  and  where  the  track  is  hud  with  heavy  rails 
well  ballasted. 

The  technical  points  to  be  kept  in  mind  when  selectii^  a  locomotive 
for  ^ven  conditions  are  few.  The  complicated  data  of  some  en^^neers 
with  regard  to  time,  temperature,  and  the  like,  are  confusing  rather  than 
helpful.     The  essentials  briefly  are  as  follows: 

The  draw-bar  pull  depends  upon  the  weight  of  the  locomotive.  A 
locomotive  equipped  with  steel-tired  wheels,  which  are  now  becoming 
standard,  and  with  proper  motor  capacity,  will  develop  a  draw-bar  pull 
of  500  lb  .  to  the  ton. 

On  grades  the  effective  draw-bar  pull  is  reduced  by  the  amount  neces- 
sary to  haul  the  locomotive  up  that  grade.  This  is  equal  to  4  per  cent,  of  the 
rat«d  draw-bar  pull  of  the  locomotive  for  each  per  cent,  of  grade.     As  you 
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Fio.  1. — Thbge-Point  Motob  Suspension  vsed  on  Locouotivbs. 
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understand,  the  effective  draw-bar  pull  on  a  locomotive  of  any  given 
weight  i3  found  by  taking  into  account  the  per  cent,  of  grade  to*be  over- 
come. It  is  not  necessary  here  to  go  further  into  figures.  The  same  is 
true  in  regard  to  train  loads. 

When  the  grade  to  be  negotiated  is  short,  and  the  trip  is  up  to  speed 
while  pas^ng  this  grade,  smaller  locomotives  can  be  specified.  The  sise 
to  be  selected  will  be  a  matter  of  j  udgment  on  the  part  of  aome  one  familiar 
with  mining  conditions. 

HoHBB-PowER  Ratings  of  Motors 

The  motors  used  for  mine  locomotive  service  are  rated  &t  75° 
rise  on  all  parts,  including  the  commutator,  after  &  continuous  run  at  full 
load  of  1  hr.  A  motor,  rated  at  50  h.  p.  output  should  carry 
this  load  continuously  for  1  hr.  with  a  temperature  rise  on  no  part, 
including  the  commutator,  of  over  75°  C.  The  reason  that  the 
commutator  should  be  included  in  the  75°  rise,  and  particularly 
for  mine  work,  is  to  insure  the  purchaser  that  the  commutator  surface  hax 
not  been  sacrificed  in  order  to  build  the  motor  for  a  narrow  gauge. 

We  now  come  to  the  task  of  dissecting  the  electric  locomotive,  for  the 
purpose  of  viewing  separately  some  of  the  more  vital  improvements  that 
have  taken  place  in  its  construction.  In  this  I  desire  to  speak  to  the  eye, 
as  well  as  the  ear.  Therefore,  use  is  made  of  a  number  of  illustrations 
referred  to  in  their  order. 

In  the  illustration  de^gnated  as  Fig.  1,  the  matter  of  motor  spring 
suspension  is  empha^zed.  This  construction  greatly  relieves  mechanical 
vibrations  due  to  rough  track  and  the  reversing  of  locomotive.  It  also 
reduces  deterioration  of  the  insulation  on  field  and  armature  coils.  There 
is  a  three-point  suspension,  as  you  will  observe — two  points  on  the  axle  and 
one  on  the  motor-suspension  bar.  This  allows  each  set  of  wheels  and  aides 
to  readily  follow  the  roughest  track. 

In  Fig.  2,  yoiu*  attention  is  called  to  high  perfection  of  detail  with 
respect  to  the  motor  frame  and  bearii^.  You  will  see  that  the  frames  are 
split  on  the  diagonal.  The  top  half  can  thus  be  removed  without  dis- 
turbing any  other  part.  A  number  of  advantages  are  thus  gtdned.  The 
motor  can  be  thoroughly  inspected  without  removing  the  armature.  Any 
excess  of  grease  which  might  get  into  the  split  of  the  frame  will  flow  out  of 
and  not  into  the  motor  casing.  The  armature  pinion  may  be  moved  away 
from  the  gear  when  talui^  out  the  armature,  making  the  equipment  much 
more  accessible  than  motor  frames  split  through  the  axle.  In  the  latter 
case  the  armature  pinion  must  be  rolled  on  the  gear  when  moving  the 
armature.  Separate  axle  caps  are  provided,  and  the  entire  motor  can  be 
removed  without  taking  out  the  wheels  and  axles. 
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Fia.  3.— McTHOD  or  Removiho  Ball  Bbarinqb. 


Fio.  4.— A  115-H.  p.  BAUi-BnABiNfl  Interfolb  Motor,    ,-.  , 
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Ball  Bearinqb  Appubd  to  Railway  Motors 

Of  special  importance  is  the  application,  as  here  shown,  of  hail  bearings 
to  railway  motors.  They  have  eliminated  90  per  cent,  of  the  ordinary 
mechanical  troubles  experienced  by  the  use  of  bushed  bearings.  With  ' 
ball  bearings  the  armature  is  never  on  the  pole  piece.  It  has  been  my 
experience  that  a  large  per  cent,  of  armature  troubles,  where  bushed  bear- 
ings are  used,  is  due  to  the  fact  that,  unintentionally,  the  bearings  are 
allowed  to  wear  out.  After  the  armature  rubs  on  the  pole  pieces  tbe 
armature  bands  may  be  torn  off  and  forced  into  tbe  insulation  of  the 
armature  coils,  making  repEurs  necessary.  < 

But  the  expense  in  tbe  loss  of  output  is  a  more  important  item  to  tbe 
operator  than  that  of  repairs.  B^l  bearings  allow  of  a  more  continuous 
operation  throughout  the  year.  Elimination  of  excessive  grease  from  tbe 
inside  of  the  motor  casing  reduces  the  deterioration  of  the  insulatJon  from  I 
that  source.  This  is  especially  true  on  the  commutator  end,  where  the 
expense  and  annoyance  from  this  cause  have  been  the  greatest.  Tbe 
armature  revolves  in  a  more  uniform  air  gap  during  the  life  of  the  motor. 
It  gives  more  perfect  commutation,  a  better  surface  to  tbe  commutator, 
and  decreases  the  movement  of  the  brushes  in  the  brush-holders,  reducing 
tbe  wear  on  the  holders  and  giving  the  brushes  a  longer  life. 

The  inner  race  of  the  ball  bearing  has  a  light  driving  fit  on  the  armature 
shaft.  Thus  the  shaft  never  wears  out.  This  race  is  held  in  place  by  a 
large  lock  nut  on  the  shaft,  which,  in  turn,  is  secured  by  a  spring  ring 
fitting  into  a  hole  drilled  through  the  lock  nut  into  the  shaft.  The  outer 
race  is  an  oU  &t  in  the  bearing  housing,  and  is  permitted  to  align  itself 
with  the  race  inside. 

Fig.  3  shows  tbe  manner  in  which  the  ball  bearings  may  be  removed. 
A  special  jack,  similar  to  tbe  old  principle  of  a  pinion  puller,  is  screwed 
into  the  bearing  housing,  which  together  with  tbe  ball  bearing,  is  pulled 
from  the  armature  shaft. 

Intehpol.es  on  Railway  Motors 

The  demand  for  interpole  motors  on  mine  locomotives  has  been  cause<l 
by  their  general  use  on  stationary  motors  and  interurban  r^way  cars. 
The  operators,  however,  will  do  well  to  consider  the  small  benefit  and,  in 
most  cases,  the  extra  trouble  which  will  result  from  their  use. 

A  mine  locomotive  has  a  specified  weight  and  it  is  possible  to  place  on 
such  a  locomotive  non-interpole  motors  that  will  slip  the  drives  before 
normal  full  load  is  reached;  therefore  no  overloading  of  tbe  motors  is  possi- 
ble,    Non-interpole  motors  which  have  perfect  commutation  and  large 
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FiQ.  5. — 13-ToN  Armosplatk  Type  Ix)comotive. 


Fig.  6.— Aruorplate  Type  o 
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capacity  can  be  obtained  without  the  complication  of  auxiliary  windings 
and  their  connections. 

Auxiliary  windings  in  a  motor  carcass  of  given  dimensions  do  not  increase 
the  rated  horse  power  due  to  the  increased  internal  losses.  Nevertheless 
the  demand  for  interpole  motors  has  been  met  by  most  manufacturers  of 
mine  locomotives,  but  with  various  results.  To  build  a  good  interpole 
motor  in  the  limiting  dimensions  met  with  in  the  design  of  mine  locomo- 
tives, it  is  necessary  to  make  as  good  a  non-interpole  motor  as  poseable, 
and  to  this  design  add  the  auxiliary  windings  and  interpoles.  TTiis 
method  of  procedure  makes  the  armatures  of  both  the  non-interpole  and  the 
interpole  motors  absolutely  interchangeable. 

Fig.  4  shows  the  general  construction  of  an  interpole  motor  with  three 
of  the  interpoles  mounted  on  the  bottom  half  of  the  motor  frame. 

Accessibility  op  Mechanism 

We  have  next  a  group  of  several  pictures  pertaining  to  locomotive 
frames.  Until  quite  recently  it  was  standard  practice  to  use  cast  iron 
for  this  feature  of  construction.  The  breaking  of  castings  from  head-on 
collisions,  and  from  leaving  the  r^ls  and  striking  the  rib,  has  broi^t 
about  a  change.  Locomotives  are  now  designed  to  use  structural  frames 
on  sizes  from  3  tons  up  to  and  including  6  tons.  For  the  7-ton  size  up  to 
and  including  20  tons,  a  solid  rolled  steel  plate  is  used.  This  particular 
frame — shown  in  Fig.  5 — is  known  as  the  "Armorplate"  type.  It  is  a 
slab  which  is  in  regular  production  by  all  the  large  steel  mills,  and  can  be 
secured  in  any  reasonable  lei^h,  with  a  width  up  to  40  in.,  and  any 
thickness  up  to  63^  in. 

A  good  idea  of  the  resisting  power  of  this  type  of  frame  is  given  by 
Fig.  Q.  It  is  a  photograph  of  steel  slab  framework  to  be  used  in  a  13-ton 
locomotive,  in  process  of  production.  With  material  of  this  kind  it  is 
unnecessary  for  manufacturers  to  give  with  the  frame  a  guarantee  agfunst 
breakage.  The  "Armorplate"  type  permits  for  a  given  weight  of  locomo- 
tive the  largest  possible  motor  capacity  for  a  given  gauge.  It  also  gives 
greater  accessibility  of  parts. 

Fig.  7  shows  the  top  view  of  a  13-ton  locomotive.  It  will  be  noted 
that  the  top  half  of  each  motor  can  be  lifted  out,  if  desired,  without  dis- 
turbing even  the  top  half  of  the  gear  case.  Neither  the  motor  suspension 
nor  any  of  the  brake  hangers  is  disturbed.  The  grid  resistance  is  accessible 
without  disturbing  any  other  parts.  The  wheels  and  axles  may  be  removed 
without  disturbing  the  motor  suspension.  As  indicated  by  Fig.  S,  the 
journal  boxes  can  be  removed  from  the  outside  without  taking  out  the 
wheels  and  axles. 

In  Fig.  9  we  see  how  the  wheels  and  axles  may  be  removed  from  an 
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Fia.  7.— Top  View  of-  Locxiuotive,  bbowino  Motorb,  ControlutcbRj  etc. 


Fio.  8.— MtfCHOD  OF  RuMoviNa  Jocrnai,  Box. 
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outside  wheel  type  locomotive  without  disturbing  the  motor  suspension. 
The  locomotive  is  run  over  the  pit  and  jacked  up  a  Bufficient  height  to 
remove  the  rails,  allowing  the  wheels  and  axles  to  drop  down  into  the  pit. 
The  motor  is  held  in  place  by  either  a  snatch  or  timber  block,  as  shown  in 
the  illustration.  The  tie  plate  across  the  bottom  of  the  pedestal  is  removed, 
together  with  the  bottom  half  of  the  journal  box.  The  journal  springs 
are  then  removed  and  the  top  half  of  the  journal  box  shoved  up  into  the 
pedestal  as  high  as  possible.  When  in  this  position  the  motor  frame 
allows  the  wheels  and  axles  to  be  moved  out  of  the  axle  linings.  They 
can  thus  be  removed  without  disturbing  the  motor  suspension. 

Having  considered  the  general  design  of  a  mine  locomotive,  and  the 
essential  elements  entering  into  it,  let  us  turn  our  attention  to  what  is 
necessary  to  haul  the  coal  from  the  working  places  to  the  bottom  of  the 
shaft  or  to  the  tipple,  outside. 

Gathering  locomotives  collect  the  cars  from  the  working  places,  and 
haul  them  to  the  side  tracks  in  the  mine,  where  they  are  picked  up  by 
haulage  locomotives  and  taken  to  the  bottom  of  the  shaft  or  to  the  tipple. 
Five  different  types  of  gathering  locomotives  must  be  taken  into  account — 
the  cable-reel  type,  the  crab  type,  the  combination  crab  and  cable-reel 
type,  the  plain  storage-battery  locomotive,  and  the  combination  battery 
and  trolley  locomotive. 

Gathering  Locomotives 

Fig.  10  shows  a  standard  cable-reel  locomotive,  6-ton  weight,  hauling 
two  loaded  cars  out  of  a  working  place.  This  locomotive  has  a  structural 
steel  frame,  with  a  wheel  base  of  40  in.,  a  height  of  30  in.  over  frame, 
and  a  length  of  12  ft.  over  bumpers.  It  is  equipped  with  two  30  h.  p. 
motors,  making  a  total  of  60  h.  p.,  and  has  a  speed  of  6  miles  per  hour. 
Ijocomotives  so  equipped  can  be  coupled  to  as  many  mine  cars  as  the  mine 
boss  desu-es.  He  can  injure  nothing  but  the  wheels,  which  slip,  ^id  he 
soon  learns  the  proper  number  of  cars  that  allows  the  locomotive  to  do 
its  work. 

This  locomotive  is  equipped  on  the  front  end  with  either  a  mechanically 
driven  or  a  motor-driven  cable  reel.  The  reel  holds  350  ft.  of  duplex 
or  500  ft.  of  single  cable.  The  cable  is  automatically  paid  out  as  the 
locomotive  runs  into  the  working  place,  and  automatically  wound  up  as 
the  locomotive  comes  out  of  the  working  place.  The  cable  is  wound 
in  even  layers  on  the  drum  by  a  spooling  device  and  cable  guide.  Loco- 
motives of  this  type  have  proven  very  efficient,  and  have  gathered  as  high 
as  from  120  to  180  cars  per  day,  depending  upon  the  conditions,  and  upon 
whether  or  not  they  must  enter  each  working  place  for  loaded  cars. 

Fig.  11   shows  the  standard   cable-reel   device,  motor  driven.     The 
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Fig.  11.— Standard  Cable-Reel  Device,  Motor  Ddiven. 
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motor  is  thrown  directly  on  the  liae  when  the  belt  is  slack.  A  lever  within 
convenient  reach  of  the  motorman  operates  a  belt  idler  with  which  the 
tension  in  the  belt  can  be  adjusted.  The  tension  in  the  belt  determines 
the  tension  in  the  cable.  Consequently,  the  latter  is  absolutely  under 
the  control  of  the  motonnan.  The  independent  motor  drives  the  reel, 
winding  the  cable  faster  than  the  locomotive  travels,  so  that  there  is 
always  a  little  slip  in  the  belt  drive.  This  keeps  a  constant  tension  in 
the  cable  while  winding.  A  brake  shoe  is  applied  to  the  reel  when  unwind- 
ing, to  keep  from  over-running.  This  device  is  simple  and  practical, 
and  has  eliminated  disk  clutches  and  all  adjustments  necessary  to  their 
operation. 

Fig.  12  shows  a  crab  locomotive  hauling  a  car  out  of  the  room.  'The 
equipment  consists  of  a  small  electric  hoist  mounted  on  the  front  end  of 
the  standard  locomotive,  as  shown  in  Fig.  13.  The  motor  on  this 
device  is  rated  at  8  h.  p.,  and  the  device  has  a  rated  pull  on  the  rope 
of  850  lb.  at  a  rope  speed  of  175  ft.  per  minute.  The  drum  holds 
350  ft.  of  f-in.  steel  rope.  The  gearing  consists  of  a  worm  on  the 
armature  shaft  and  a  worm  wheel  on  the  intermediate  shaft,  a  spur  pinion 
on  the  intermediate  shaft  meshing  with  a  lai^e  spur  gear  above  the  drum. 
Between  the  gear  and  the  drum  is  a  disk  clutch,  as  seen  in  Fig.  14. 

To  operate  the  crab  device,  the  motor  is  thrown  directly  on  the  line 
without  load.  By  means  of  a  cam  lever  under  the  drum,  the  latter  is 
raised,  compressing  the  disk  clutch  between  the  drum  and  the  gear,  trans- 
mitting power  to  the  drum  and  winding-up  the  rope.  The  disk  clutch 
acts  as  a  safety  slip  should  a  car  get  off  the  track,  or  the  steel  rope  become 
fastened  in  a  tie.  It  is  not  possible  to  injure  the  gearing  or  overload  the 
motor,  as  the  disk  clutch  will  slip.  The  drum  is  mounted  upon  ball  bear- 
ings, making  it  easier  to  pull  off  the  rope. 

The  operation  of  the  crab  locomotive  is  as  follows:  The  motonnan 
moves  the  locomotive  on  the  entry  in  Bne  with  the  room  track.  The  trip 
rider  takes  the  cable  into  the  room  and  hooks  it  to  the  car,  and  signals  the 
motorman  to  start  the  crab  device  and  haul  the  car  out  of  the  room. 
Just  as  the  car  is  rounding  the  curve  out  of  the  room  the  motorman  starts 
the  locomotive  ahead,  and  about  the  time  that  the  car  passes  the  latches 
it  is  up  against  the  bumper  on  the  locomotive.  The  car  is  either  left 
standing  or  backed  up  to  make  up  a  trip.  This  device  is  particularly 
useful  where  rooms  run  to  the  dip,  or  where  the  cars  are  hght  and  the 
room  track  level. 

Fig.  15  shows  a  combination  crab  and  cable  reel.  It  consists  of  a 
standard  crab  device  just  described,  in  connection  with  which  there  is  a 
drum  containing  electric  cable  resting  on  a  flange  bolted  to  the  large  gear 
above  the  crab  drum.     The  friction  between  the  electric-cable  drum  and 
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the  flange  on  which 
it  rests   is  adjust- 
able   by    spring 
I  pressure    from 

above.  The  one 
motor  drives  both 
devices. 

Storage- Battery 
Locomotives 

There  has  been 
a   great  popular 
demand     for     the 
application   of  the 
Fio.  14.— Standard  Electric  Crab  Dbvicb.  storage-battery 

locomotive  to  mine 
service.  In  order  to  meet  this  demand  special  designs,  as  shown  in 
Fig.  16,  were  brought  out,  equipped  with  Edison  or  Exide  stort^e  bat- 
teries. For  the  ordinary  mine  locomotive  the  wheel  base  is  36  in.,  the 
over-a!I  is  42  in.,  and  the  width  is  14  in.  wider  than  the  gauge.     The 


Fio.  15.— Standard  Combination  Crab  and  CABix-RBEt  Devicb. 
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over-all  length  including  the  bumpers  ia  11  ft.  The  locomotive  can  be 
built  in  sizes  from  3  tons  up  to  6  tons.  On  account  of  the  fact  that  the 
storage  battery  is  used  it  was  necessary  to  design  a  special  battery  motor, 
shown  in  F^.  17.  This  is  designed  for  a  minimum  gauge  of  18  in., 
with  armature  lengthwise  of  the  locomotive.  The  design  pennits  of  a 
large  copper  capacity,  reducing  the  internal  losses  of  the  motor  to  a 
minimum,  and  provides  a  sufficiently  lai^e  capacity  motor  for  a  6-ton 
battery  locomotive.    It  also  makes  a  very  accessible  equipment. 

The  motor  is  connected  to  the  worm  drive  by  a  jaw  clutch,  and  it  is 
only  necessary  to  remove  four  bolts  from  the  motor  frame  and  lift  the 
motor  out  of  the  locomotive,  without  disturbing  any  of  the  worm  gearing 
or  its  case.  The  worm  and  worm  wheel  used  are  of  special  design,  having 
a  very  low  internal  loss,  and  to  permit  of  coasting. 

The  work  that  an  ordinary  storage-battery  locomotive  can  do  depends 
upon  conditions.  In  order  to  meet  the  conditions  successfully,  it  is 
almost  necessary  in  each  case  to  have  an  engineer  go  over  the  ground  and 
calculate  the  battery  equipment.  The  greatest  trouble  experienced  with 
the  application  of  storage  batteries  to  gathering  work  is  to  secure  sufficient 
battery  capacity  in  the  limited  space  on  a  mine  locomotive. 

For  estimating  purposes  a  good  value  for  the  kilowatt-hours  per  ton- 
miie,  including  all  losses  in  the  battery  and  locomotive,  is  0.125  on  level 
track.  It  must  also  be  remembered  that  the  speed  at  which  a  battery 
locomotive  must  be  kept  is  within,  the  limits  of  3H  to  4  miles  per  hour. 

The  fact  that  the  battery  locomotive  with  sufficient  capacity  to  do 
gatherii^  work  and  haul  the  trips  on  the  entry  over  heavy  grades  would 
have  over-all  dimensions  not  permissible  in  the  average  coal  mine,  caused 
the  combination  battery  and  trolley  locomotive  to  be  designed.  This 
locomotive  uses  the  battery  only  when  going  into  the  working  places,  but 
takes  power  from  the  trolley  on  the  entry.  The  battery  is  charged  from  a 
low-voltage  winding  while  the  locomotive  is  operating  on  the  trolley  wire, 
and  the  low-voltage  windii^  is  used  in  connection  with  the  battery  when 
going  into  the  working  places.  This  locomotive,  shown  in  Fig.  18,  has 
a  wheel  base  of  40  in.,  an  over-all  height  of  35  in.,  and  a  length 
over  the  bumpers  of  11  ft.  The  battery  is  located  inside  the  frame  and 
consists  of  60A  Edison  cells  or  48  Exide  cells.  A  single  motor  is  used, 
provided  with  a  trolley  winding  and  a  low-voltage  winding  or  battery 
winding.  A  fan  is  provided  on  the  end  of  the  armature  shaft  for  the  venti- 
lation of  the  motor  and  the  battery,  as  shown  in  Fig.  19.  The  armature 
with  its  ball  bearings  is  shown  in  Fig.  20.  The  charge  in  the  battery  is 
continuously  maintuned,  and  the  battery  is  ever  ready  for  service. 

Protecting  devices  are  provided  to  keep  the  battery  from  short  cir- 
cuiting through   armature  winding   in   case  the  trolley  circuit  opena. 
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Fia.  16. — 3-ToN  Storaqe- Batter V  LocnuonvB. 
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The  mechanical  constructioa  of  this  locomotive  embodies  nothing  that 
has  not  already  proven  practical  in  mine  service. 

On  the  point  of  leaving  the  subject  of  electric  locomotives  and  taking 
up  that  of  cutting  machines,  mention  should  be  made  of  a  highly  important 
factOT  in  the  development  of  mine  equipment  which  so  far  I  have  already 
touched  upon.  It  applies  both  to  haulage  and  to  the  work  of  cutting  the 
coal.  It  will  have  a  growing  value  to  manufacturers  and  to  the  trade  in 
promoting  economy  and  efficiency. 

STANDARniZATION    OF   MiNING    EQUIPMENTS 

There  is  a  word  which  wc  hear  frequently  mentioned  these  days  in 
connection  with  all  lines  of  endeavor.  That  word  is  standardization. 
There  is  a  progressive  tendency  to  sift  out  non-essentials,  and  to  reduce 
the  confusion  of  variation  to  standard  types  or  Bystems.  This  is  made 
possible  largely  through  adjustment.  To  illustrate,  when  a  device  or  a 
machine  which  satisfactorily  performs  a  given  service  fails  in  a  few  partic- 
ulars to  meet  the  needs  of  some  other  condition  of  the  same  general  nature, 
the  problem  b  solved  by  the  substituting  of  parts,  rather  than  by  producing 
an  entirely  new  machine. 

From  the  standpoint  of  progress  the  advantage  to  the  manufacturer 
is  obvious.  He  can  concentrate  his  enei^ies  on  the  perfecting  of  really 
essential  equipment  instead  of  dissipating  them  over  an  unlimited  range 
of  departure  from  fundamental  type.  It  is  only  fair  to  the  manufacturer 
to  state  that  he  has  kept  in  advance  of  the  trade  in  this  respect,  seeking 
first  refinement  instead  of  the  perhaps  larger  material  rew&rds  that  might 
come  to  him  through  the  multiplying  of  new  apparatus. 

To  the  coal  jiroducer  the  economical  value  of  standardization  is  without 
question.  It  means  less  original  outlay  and  a  saving  of  time  and  expense 
in  upkeep  and  operation.  The  confusion  arising  from  lack  of  an  elastic 
uniformity  has  been  often  experienced  in  the  case  of  consolidations,  where 
(liferent  mines  of  former  separate  ownership  came  under  one  management. 
\o  intelligent  estimate  can  be  made  of  the  waste  resulting  from  the  purchase 
of  special  equipment  for  supposed  distinctive  needs.  In  the  great  majority 
of  such  cases  slight  modification  of  standard  would  have  served  the  purpose, 
the  change  not  being  of  so  important  a  nature  as  to  forbid  easy  restoration 
lo  normal  performance,  if  at  an  time  this  should  be  desired. 

COAL-CUTTINQ  MACHINES 

One  of  the  first  coal-cutting  machines  was  known  as  the  "cutter-bar" 
tjpe.     In  Fig,  21  we  see  that  the  principal  part  was  a  horizontal  bar 
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at  the  front  end  of  the 
machine.  Bits  were 
held  in  this  cutter  bar 
by  means  of  set  screws, 
as  seen  in  the  illustra- 
tion. The  defect  Id 
this  design  was  that 
each  bit  had  to  cut 
all  of  the  coal  which 
it  encountered.  This 
made  the  work  of  each 
so  severe  that  it  was 
impossible  to  maintm 
bits,  especially  where 
Fia.  19.— Motor  csbd  on  Coioiination  Trolley  and  impuntiea  were  en- 
Storaob-Battebt  LoroiionvE.  countered  in  the  Coal. 

Further,  the  reductioD 
in  the  shaft  at  the  two  places  shown  caused  no  end  of  trouble,  due  to 
breaking  where  the  diameter  was  reduced.  The  cutter  bar,  held  in  a 
moving  frame  on  which  was  mounted  the  motor  and  gearing,  moved 
forward  in  a  stationary  or  outside  frame. 

Following  the  cutter-bar  machine  was  the  ch^n  breast  machine  with 
which  we  are  so  familiar.  We  are  so  interested  in  the  machines  which  are 
doing  the  important  work  to-day  and  our  time  and  space  so  limited  Uiat 
history  of  the  development  must  wait.  The  shortwall  or  continuous 
cutting  machine  has  been  developed  so  rapidly  in  the  past  few  years  that 
a  description  of  its  most  important  features  will  not  be  out  of  place. 

Shortwall  Mining  Machines 

Fig.  22  shows  a  shortwall  machine  on  a  truck  ready  to  be  taken  to  a 
working  place.  It  is  provided  with  an  automatic  cable  reel  for  paying 
out  and  reeling  up  the 
cable,  eliminating 
dragging  of  the  cable 
when  going  from  one 
working  place  to 
another.  A  cable 
drum  on  the  front  end, 
power  driven,  has 
wound  on  it  50  ft.  of 

|-in.     steel     rope.      It    ^*'-  20— Armatuhk  with  rra  Ball  Beartnos,  havinq 
.     , ,  .         , ,       %..',.  TWO  Abuature  Windings  and  two  ComicTATons 

IS  this  cable  which  is  — umd  in  Motor  shown  in  Fia.  19. 
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Fio.  21.— CuTTBR  Bar  uskd  on  the  first  CoAi/CmriNa  Machines. 


used  to  pull  the  machme  off  the  truck  into  the  proper  working  place 
and  back  on  the  truck.  There  are  two  speeds  provided  in  the  gear- 
ing, a  handling  speed  and  a  feed  speed.  The  handling  speed  averages 
about  12  ft.  per  minute.  The  feed  speed  is  determined  by  the  nature  of 
the  coal  to  be  cut,  and  averages  from  15  to  30  in.  per  minute. 

On  the  rear  end  of  this  machine  is  a  cable  drum  equipped  with  a  |-in. 
steel  cable  and  a  band  brake.  This  band  brake  is  used  in  order  to  hold 
the  machine  to  the  proper  angle  to  the  coal  face,  so  as  to  keep  the  cutter 
bar  under  the  coal.  The  gearing  of  this  particular  shortwall  machine  is 
shown  in  Fig.  23,  with  the  motor  removed,  and  it  shows  a  very  accessi- 
ble machine. 

All  the  bearings  are  cast  integral  with  the  steel  bed  plate,  which  is 
necessary  on  this  class  of  machinery,  in  order  to  obtain  perfect  alignment 
of  the  gears  and  shafting.  The  cutter  bar  is  made  up  of  cast  or  structural 
steel.  The  particular  one  shown  is  cast  steel.  Later  designs  are  made  of 
stnictural  steel  with  tool-steel  wearing  strips  on  all  wearing  surfaces,  so 
that  all  wearing  parts  can  be  replaced  without  renewing  the  entire  cutter 
head. 

The  machine  is  taken  to  the  working  place  on  a  self-propelUng  truck, 
as  shown  in  Fig.  24,  with  the  operator  riding  on  the  truck.  On  the 
self-propelling  truck  is  provided  a  disk  clutch  which  r^ulates  the  speed  of 
the  truck,  and  gives  a  variation  in  speed  from  zero  up  to  3^  miles  per 
hour,  without  using  the  starting  box.  This  gives  a  fast-moving  truck 
where  the  track  is  strwght,  and  a  low  speed  where  the  track  is  bad,  or 


Fio.  22.— Shortwaij.  Machine  on  Truck,  ntoviDED  with  an  Automatic  Cable  Rgei.. 
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Fid.  23.— Interior  OF  Shortfall  Machine,  showinq  Gearihq  with  Motor  Rewovsd. 

where  there  are  frogs  or  switches  to  cross.    The  fast-moving  truck  saves 
time  in  moving  from  place  to  place. 

The  machine  is  unloaded  from  the  truck,  as  shown  in  Fig.  25,  by 
taking  the  steel  cable  from  the  front  drum  and  fastening  it  to  a  jack  at  the 
coal  face.  The  power  is  turned  on  and  the  mEichine  pulls  itself  from  the 
truck.  The  jack  is  then  moved  to  the  right-hand  corner  of  the  room,  and 
the  steel  cable  is  brought  around  on  suitable  sheaves  back  of  the  machine, 
swinging  the  machine  in  position,  as  shown  in  Fig.  26.  Without  moving 
the  jacks,  the  machine  is  pulled  into  the  corner  and,  with  a  jack  set  in  the 
slot  in  the  cutter  head,  the  cutter  bar  is  forced  its  complete  depth  under 
the  coal.  After  this  sumping  cut  is  made  the  steel  cable  is  fastened  to  a 
jack  at  the  left-hand  rib  and  a  cut  across  the  face  is  made.     After  the  cut 


FiQ.  21.— Short WAU.  Mining  Machinb  Entering  Room  on  rra  Own  Tbuci. 
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FiQ.  25— Uni-oadinu  Shobtvall  Machine  from  Truck. 


f.  26.— BiuNoiNa  Macbimb  io  Fao. 
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across  the  face  is  completed,  as  shown  in  Fig.  27,  the  steel  cable  is 
brought  around  the  machine  on  suitable  sheaves,  and  fastened  to  a  jack, 
and  where  the  props  are  set  close  to  the  face  the  machine  is  brought  back 
with  the  cutter  bar  still  projecting  under  the  kerf,  until  opposite  the  truck. 
The  cable  is  then  fastened  to  a  hook  on  the  truck,  and  the  machine  loaded 
as  shown  in  Fig.  28. 

This  particular  machine  has  an  over-all  height  of  24  in.,  and  is 
equipped  with  a  35  h.  p.  motor,  rated  on  the  1-hr,  ba^.  The  atmature 
shaft  is  equipped  with  ball  bearings,  and  the  construction  of  the  motor 
will  permit  of  totally  inclosing  where  necessary  for  gaseous  mines. 

While  the  shortwall  machine  was  a  step  in  the  right  direction,  to  elim- 
inate manual  labor,  and  the  machines  are  proving  very  successful,  and  will 
continue  to  do  so,  there  was  some  cutting  to  be  done  in  various  mines  in 
the  country  which  demanded  still  larger  equipment, 

Top-CuTTiNQ  Machines 

After  the  shortwall  machine  was  developed  the  question  naturally 
arose  in  the  minds  of  the  men  at  the  mine,  why  could  not  the  time  of  un- 
loading the  machine  be  saved?  Why  not  leave  the  machine  on  its  own 
truck,  and  in  addition,  if  there  is  a  dirt  band  in  the  seam,  why  not  cut 
out  this  dirt  band?  This  led  to  the  development  of  the  top-cutting 
machine,  a  shop  view  of  which  is  shown  in  Fig.  29. 

The  construction  of  this  machine  is  as  follows:  The  motor  with  all  its 
mechanism  and  the  cutter  bar  is  mounted  on  a  circular  steel  casting  sup- 
ported by  a  ring  on  adjustable  pedestals.  The  machine  never  leaves  the 
truck.  A  top  view  of  this  machine  is  shown  in  Fig.  30.  A  ratchet  feed 
driving  a  cable  drum  through  a  disk  clutch  winds  up  a  J-in.  steel  rope, 
one  end  of  which  is  fastened  to  the  stationary  frame.  The  cutter  bar, 
together  with  all  gearing  which  is  mounted  on  the  circular  casting,  revolves 
in  a  complete  circle. 

Following  is  the  operation  of  the  machine:  The  machine  is  self-pro- 
petled  into  the  working  place  until  the  truck  strikes  against  the  face. 
The  cutter  bar  is  swung  around  to  the  left  for  the  beginning  of  the  cut, 
as  shown  in  Fig.  32.  The  ratchet  feed  is  started,  takmg  a  large 
number  of  teeth,  and  giving  a  high  rate  of  feed  where  the  depth  of 
cut  is  shallow.  After  the  bar  swings  around  under  the  coal,  thb 
feed  can  be  reduced  without  stopping  the  machine,  and  agun  increased 
lutil  the  complete  cut  is  finished,  as  shown  in  Fig.  33.  In  this  particu- 
lar photograph  it  will  be  noted  that  after  the  dirt  band  was  cut  out  the  coal 
separated  from  the  roof,  giving  an  impression  that  the  kerf  was  not  cut. 
The  specif  advantage  of  this  machine  is  the  time  and  labor  saved  in  not 
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Fia.  27, — Handuno  Machink  in  Lihitro  Eji-ace. 


Fig.  28— Method  of  Loading  uton  Truck. 
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Fio.  29. — "Abcwall"  ToP^Trmno  Machine — Pobition  for  Cdttino. 


Fio.  30.— Top  Vraw  of  abovx  Macbini:. 
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unloading  from  the  truck,  and  the  fact  that  the  cuttings  do  not  have 
to  be  handled  except  where  a  bimd  of  dirt  is  cut  and  must  be  gobbed  before 
the  coal  is  shot.  It  ^ves  an  opportunity  of  obtuaiag  clean  coal  where 
dirt  bands  can  be  cut  and  gobbed.  It  is  a  very  rapid  machine,  either  for 
entry  driving  or  for  room  work.  It  is  suitable  for  cutting  rooms  up  to  20 
ft.  in  width,  and  can  be  built  for  a  minimnin  height  of  30  in.  above  the 
tbH,  and  has  cut  20-{t.  rooms  in  8  min.  The  cutter  bar  is  rwsed  and 
lowered  by  power.  The  self-propelling  speed  of  this  machine  is  controlled 
by  disk  friction  clutches  permitting  high  moving  speed  without  the  use  of 
starting  box  or  resistance,  thus  saving  wear  and  tear  on  the  electrical 
parts. 

Bbeast  Machines  on  Turntabi^  Trock 

The  design  of  this  top  cutting  machine  naturally  led  to  the  placing  of 
breast  machines  on  tiuntable  trucks,  as  shown  in  Fig.  34.  The  ma- 
chine here  shown  b  cutting  a  break-through.  The  advantages  offered  by 
a  machine  cutting  in  the  middle  of  the  seam  are  as  follows:  They  are 
especially  suited  for  narrow  work,  no  slack  has  to  be  shoveled,  and  they 
afford  protection  to  tender  roof  due  to  the  fact  that  small  shots  can  be 
used  to  shoot  the  coal.  There  is  no  labor  in  handling  the  machine,  and 
the  coal  can  be  cut  at  various  angles  by  changing  the  ai^le  of  the  machine 
on  the  truck. 

Machines  of  this  kind  shown  in  Fig.  34  have  cut  as  high  as  forty 
12-ft.  places  in  10  hr.  by  the  use  of  gathering  locomotives  to  haul 
them  from  place  to  place  rapidly.  Self-propellii^  machines  of  this  type 
can  cut  as  high  as  24  to  30  places.  Machines  of  this  type  can  also  be 
inverted  to  cut  a  dirt  band  at  the  top  of  the  seam,  as  shown  in  Fig.  35. 

TUKBBT  MlNDJO  MaCHINBS 

Another  important  combination  is  the  shortwall  machine  mounted  on 
a  turntable  truck,  as  shown  in  Fig.  36.  This  machine  is  shown  just 
startmg  a  run.  The  cable  from  the  feed  drum  is  fastened  to  an  anchor 
drilled  into  the  face  of  the  coal,  and  the  machine  is  fed  forward  until  the 
cutter  bar  projects  under  the  coal  the  proper  depth.  Another  anchor  is 
placed  in  the  left-hand  rib  and  the  feed  cable  attached,  swinging  the 
machine  around  through  the  proper  angle,  cutting  a  place  of  the  desired 
width.    See  Fig.  37. 

The  machine  is  self-raising  and  lowerii^,  and  can  be  rused  or  low- 
ered 3  ft.  in  25  sec.  It  has  cut  15-ft.  rooms  in  10  min.  and  has  cut 
as  high  as  25  places  in  10  hr.  The  maclune  on  the  truck  is  under  the 
absolute  control  of  the  operator,  and  is  geared  to  have  a  high  speed  on 
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Fia,  31.— Sblf-Pbopkllbd  Co*l  Cutter  Goinq  oot  op  Room. 


Fig.  32. — Coal  Cdttbr  Startinq  "OvBR-CurriNa"  in  20-rT.  Roou. 


Fio.  S3.— Coal  Ccttbr   Finisbinq  "OvaK-CurnNo"  in  2I>*t.  Rcxim. 
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Fio.  34.— Brbabt  Ttpb  Coal  CurrBit  on  Turntable  Trcck. 


Fio,  35. — Abotb  Machine  Adapted  poh  Top  CarnNa. 
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16. — Shortwall  Tubret  Ttpb — Mounted  on  Tctrntable  Trdck. 


A  Bbbak-Tbrouqh  in  Shaib  Band. 


Fis.  38.— "OyibOcttino"  in  Shali  Band. 
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Fio.  8fl. — Top  Vi«w  of  Tximowaix  Machinb. 


FiQ,  40. — LoNowALL  Machink  CTJTTiNa  ALONa  THB  Face. 

Digitizecy  Google 


1008  EISCTRIC  I.OCOMOT1VB8  AND  COAIvCUTTING  MACHINB8 

straight  track  and  slow  speed  over  switches  and  frc^.  It  Is  equipped 
with  band  brakes  to  control  the  speed  down  grades.  In  the  particular 
illustrations  used  this  machine  is  cutting  a  dirt  band  from  the  middle  of 
the  seam.  This  dirt  is  gobbed,  and  the  coal  shot  down,  producii^  clean 
coal. 

LONOWALL  Mining  Machines 

Fig.  39  is  a  top  view  of  a  longwall  machine  designed  for  longwall 
work  in  England  and  different  parts  of  Europe.  This  machine  is  equip- 
ped with  either  direc^current  or  alternating-current  motor.  The  power 
for  the  cutter  chain  is  transmitted  direct  from  the  armature  shaft  through 
a  worm  and  wonn  wheel.  The  machine  is  provided  with  a  ratchet  feed, 
BO  that  the  speed  of  feed  can  be  varied  by  changing  the  number  of  notches 
with  which  the  pawl  engages.  The  crank  operating  the  machine  is  driven 
through  a  worm  and  worm  wheel.  There  are  no  exposed  wires  between 
the  starting  box  and  the  motor,  all  wires  being  taken  through  metal  con- 
duits. This  construction  makes  a  very  simple  design  and  is  noiseless  in 
operation.  The  elimination  of  noise,  as  far  as  possible,  is  one  of  the  essen- 
tial elements  of  longwall  work,  so  that  machine  operators  can  hear  the 
working  of  the  roof.  Big.  40  shows  this  machine  cutting  in  a  thin  seam 
of  coal. 

The  undercutting  machines  have  been  developed  to  such  a  point  of 
perfection  that  coal  operators  and  manufacturers  have  spent  con^derable 
time  and  energy  in  producing  machinery  which  will  reduce  the  cost  of 
loading  the  coal  after  it  is  shot  down. 

To  design  a  successful  loading  machine  is  not  an  easy  task.  The 
machine  must  have  a  wide  range  of  action  in  order  to  load  coal  from  various 
widths  of  working  places  and  must  also  be  compact  and  readily  hauled 
from  one  working  place  to  another. 

Mechanical  Coal  Loabeb 

The  design  of  a  successful  coal-loading  machine  can  best  be  described 
by  referring  to  the  illustration.  Pig.  41  shows  a  loading  machine 
mounted  on  its  truck  ready  to  be  hauled  to  a  working  place.  It  will  be 
noted  that  a  single  conveyer  is  used. 

After  the  loader  is  taken  into  the  working  place  it  is  unloaded  from  the 
truck  by  its  own  power  by  means  of  a  1-in.  rope  and  a  winch  on  the  ^de 
of  the  conveyer.  The  conveyer  is  pulled  forward  off  of  the  truck,  allowiDg 
the  rear  set  of  small  wheels  to  come  into  contact  with  the  r^ls  and  plaoiog 
the  support  of  the  conveyer  on  a  pivot  supported  by  a  steel  casting  which 
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Fio.  43. — PuLUsa  Loading  Machii«i  on  TRnrK  with  its  Own  Poweb. 

locks  into  the  main  truck  frame  after  the  conveyer  b  pulled  up  into  working 
position. 

Fig.  42  shows  the  machine  ready  to  load  coal.  The  arrangement 
of  the  conveyer  support  permits  the  coal  car  to  project  under  the  con- 
veyer, allowing  the  coal  to  be  loaded  into  the  middle  of  the  car.  The 
Sights  used  on  the  conveyer  are  flat  castings  linked  into  an  endless  chain 
which  is  driven  by  an  electric  motor.  Between  the  motor  and  the  gear- 
ing is  a  disk  friction  clutch.  The  feed  of  the  machine  to  the  right  and 
left  is  accomplished  by  meana  of  power-driven  drums  on  which  is  wound 
|-in.  steel  rope.  A  disk  friction  clutch  is  also  provided  in  the  gearing  of 
this  feed  mechanism.  The  disk  friction  clutches  act  as  safety  slips  should 
the  conveyer  flights  become  fastened  under  the  coal  or  strike  on  projec- 
tions in  the  bottom. 

When  it  is  desired  to  load  the  machine  the  conveyer  is  pulled  back 
onto  the  truck  by  its  own  power  as  shown  in  Fig.  43. 

The  capacity  of  this  machine  is  1  ton  of  coal  per  minute,  but  it  baa 
never  been  found  necessary  to  rate  it  at  a  greater  capacity  than  1,000 
lb.  per  minute. 
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Combined  Mininq  and  Loading  Machine 

The  l&test  method  of  mining  coal  from  the  face  is  by  the  use  of  the 
cutting  and  loading  machine,  a  view  of  which  is  shown  in  I^g.  46.  The 
essential  elements  in  this  design  are  the  stationary  frame  or  pan  in  which 
the  machine  feeds  itself  forward  or  backward  by  its  own  power,  the 
undercutting  ch^n,  similar  to  the  breast  type  or  cutter  chain,  two  ver- 
tical shearing  chains,  the  conveyer  tn  the  cutter  head,  the  rear  pivoted 
conveyer  which  loads  the  coal  into  the  car  and  the  mechanically  operated 
pick  which  knocks  down  the  coal  after  it  is  undercut  and  sheared.  The 
machine  is  also  provided  with  a  slack  conveyer. 

The  operation  of  the  machine  is  similar  to  that  of  the  breast  machine. 
It  is  taken  into  a  working  place  and  never  removed  until  the  place  is  worked 
out.  Untries,  rooms,  or  break-throughs  of  any  desired  width  can  be  cut 
with  this  machine.  Fig.  44  shows  the  machine  in  operation  driving  an 
entry  in  Pocahontas  coal.  F^.  45  shows  the  complete  machine  includ- 
ing the  rear  conveyer.  The  machine  is  entirely  self-handling  and  moves 
into  different  positions  by  its  own  power. 

Particular  attention  is  called  to  the  clean  appearance  of  the  working 
place.  No  attempt  was  made  to  clean  up  this  place  for  photographing 
purposes.    The  capacity  of  this  machine  is  estimated  at  100  tons  in  8  hr. 

With  this,  I  feel  that  I  have  gone  over  at  enough  length,  however 
lamely,  the  ground  embraced  within  my  subject.  Speculation  as  to  what 
further  huprovements  are  to  come  would  be  idle.  Credit  for  what  has  been 
accomplished  belongs  jointly  to  the  practical  mine  man,  always  alert  to 
the  significance  of  anything  growing  out  of  his  experience,  and  to  the 
manufacturer,  who  is  constantly  striving  after  a  higher  degree  of  perfec- 
tion. The  two  have  worked  together,  though  sometimes  unconsciously. 
As  it  has  been  in  the  past,  so  it  will  be  in  the  future.  While  standards 
have  been  reached  from  which,  it  would  seem,  there  could  be  no  marked 
departure,  it  is  a  safe  conclu^on  that  progress  will  always  remain  the 
guiding  principle. 
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Ji^irUier  diacuBsion  of  the  paper  <d  Jamee  R.  Hnlay.  pTesented  at  the  New  York 
meettiiK,  February,  1913  (TtanB.,  xIt,  282),  with  Bpedat  »ference  to  the  diacusaion  fay 
R.  B.  Brinsmade  (Trans.,  ziv,  322.) 

Br  E.  B.  WHITE,  ISHPBUINa,  IflCH. 

I  DiBAQSEB  with  Ml.  Briiisinade  od  several  poiDts,  and  I  will  discuss 
his  remarks  under  the  same  six  topics  which  he  has  used. 

1 .  Rate  of  Interest  Earned  by  Sinking-Fund. — I  believe  Mr.  Brinsmade 
is  confused  in  his  ideas  as  to  the  effect  of  new  gold  on  the  interest  earned 
on  money.  The  flood  of  gold  which  he  mentions  certainly  should  not 
operate  to  increase  interest  rates,  but  since  it  replaces  and  adds  to 
liquid  capital  should  reduce  interest  rates  and  counteract  the  destruction 
of  liquid  ci4)ital  which  he  mentions.  Furthermore,  it  is  doubtful  if  the 
destruction  of  capital  since  1867  by  wars  and  catastrophes  has  been  any 
greater  in  proportion  than  in  similar  periods  before  1897.  With  regard  to 
savings  banks,  I  would  say  that  only  3  per  cent,  is  allowed  on  deposits 
through  a  large  part  of  the  West.  As  to  bonds,  they  can  be  bought  to 
yield  any  rate  of  interest  desired  up  to  6  per  cent.,  but  a  5  per  cent,  bond 
is  not  as  safe  as  a  4  per  cent,  bond,  nor  a  4  per  cent,  bond  as  safe  as  a 
3  per  cent,  government  security. 

I  do  not  understand  why  Mr.  Brinsmade  says  that  Mr.  Denny's 
quoted  opinion  of  a  3  per  cent,  rate  is  eindenUy  based  on  English  condi- 
tions before  the  Boer  war.  Certainly  there  is  no  reference  to  the  Boer  war 
or  to  English  conditions  in  Mr.  Denny's  article.  M.  Howard  Burnham, 
in  hia  admirable  work  on  mine  valuation,  says' :  "  For  instance,  redemp- 
tion is  taken  at  3  per  cent.,  because  even  4  per  cent,  represents  a  greater 
risk,  as  is  indicated  by  the  purchase  of  Government  paper  to  bear  only 
3  per  cent.,  the  great  desideratum  of  the  latter  being  security."  Again, 
Mr.  Burnham  says:*  " The  tables  are  calculated  on  the  assumption  that 
the  dividends  shall  accumulate  at  3  per  cent,  only,  as  in  accordance  with 
the  general,  idea  set  out  elsewhere,  a  rate  greater  than  3  per  cent,  in- 
volves appreciable  risk  with  which  it  were  inaccurate  to  saddle  the 
sinking-fund  if  risks  are  to  be  segregated,  this  being  the  basis  of  all  the 
writer's  calculations." 

Consols,  the  best-known  government  security  in  the  world,  are  now 
(December,  1913)  selling  at  about  72,  yielding  3.48  per  cent,  on  that  price; 
French  Rentes  are  selling  to  yield  3.5  per  cent,  and  German  3  per  cents  to 
yield  3.95  per  cent.  Every  one  knows,  however,  that  bonds  and  invest- 
ment stocks  all  over  the  world  are  depressed  at  the  present  time,  due  to 

>  Bumhun,  M.  Howard:  Modem  Mine  YalwiHon,  p.  19  (1912). 
•  Idem,  p.  134. 
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atraioing  of  credit  by  the  last  few  years  ,of  great  prosperity,  and  the 
consequeDt  scarcity  of  money.  The  usual  return  od  Consols  is  lower 
than  at  present,  and  it  has  only  averaged  higher  for  one  year  in  the  last 
75  years — in  1S48,  when  it  averaged  3.51  per  cent.  In  1S97  it  averaged 
2.45  per  cent.,  and  in  only  five  of  the  last  30  years  has  it  averaged  higher 
than  3  per  cent.  It  therefore  seems  to  me  that  Mr.  Denny  and  Mr. 
Burnham  are  amply  justified  in  assuming  that  3  per  cent,  is  the  rate  of 
interest  that  should  be  expected  for  a  minimum  risk. 

2.  R<Ue  of  Interest  Earned  by  Investment. — I  am  not  at  all  certain  that 
Mr.  Denny  referred  to  gold  mines  with  uncertain  and  scanty  ore  reserves 
in  his  statement  of  mining  risks,  as  Mr.  Brinsmade  says.  The  Rand  can- 
not be  included  in  this  class  and  I  certainly  believe  it  fair  to  assume 
that  he  included  the  Rand  in  his  general  statement  of  mining  risk.  A 
statement  from  Mr.  Denny  would  be  valuable  in  this  connection,  also 
from  Mr.  Hammond,  whom  I  quoted  in  my  discussion  of  Mr.  Finlay's 
paper. 

I  disi^ee  with  Mr.  Brinsmade  in  bis  comparison  of  iron  mines  and  city 
real  estate.  As  Mr.  Brinsmade  says,  city  real  estate  is  speculative,  but 
a  decrease  of  25  per  cent,  in  the  gross  income  only  means  a  decrease  of  ap- 
proximately 50  per  cent,  in  the  net  income  and  therefore  in  the  value, 
whereas  in  the  case  of  most  iron  mines  a  25  per  cent,  cut  in  ore  prices 
would  mean  a  decrease  of  100  per  cent,  in  the  net  income;  that  is,  would 
wipe  out  all  the  profit  and  all  value.  For  instance,  assume  taxes,  repairs, 
maintenance,  etc.,  to  be  5  per  cent,  of  the  value  of  real  estate,  then  the 
rent  must  be  10  per  cent,  to  return  5  per  cent,  net  on  the  investment. 
If  the  rent  falls  to  7^  per  cent,  the  net  income  would  be  2)  per  cent.  Id 
the  case  of  iron  ore,  however,  the  selling  price  is  roughly  $4  per  ton,  and  the 
profit  rarely  over  SI  per  ton,  usually  much  less.  A  decrease  of  25  per 
cent,  in  the  value  per  ton  would  therefore  take  all  the  profit.  In  other 
words,  the  cost  of  production  is  a  so  much  larger  proportion  in  the  case  of 
iron  ore  that  the  two  cannot  be  fairly  said  to  resemble  each  other.  I 
believe  thelow  rate  of  interest  accepted  by  investors  in  real  estate  is  partly 
due  to  the  fact  that  they  expect  an  unearned  increment — i.e.,  an  increase 
in  the  value  of  their  property  due  to  the  growth  of  the  city.  Investors 
in  real  estate  are  willing  to  pay  more,  and  value  the  property  upon  a  5  per 
cent,  basis,  for  the  same  reason.  There  is  little  chance  of  an  increase  in 
the  value  of  an  iron  mine,  where  the  ore  is  already  blocked  out.  There  is 
almost  no  chance  of  a  permanent  increase  in  the  selling  price  of  the  ore, 
so  that  any  increase  in  the  value  of  such  a  mine  must  be  due  to  a  de- 
crease in  the  cost  of  production.  The  tendency  of  the  latter  is  in  the 
wrong  direction  at  present. 

Mr.  Finlay  applied  his  method  and  the  same  rate  of  interest  to  all 
Michigan  mines,  regardless  of  whether  or  not  there  was  any  speculative 
value  due  to  possible  increase  in  the  ore  reserves.    Where  mines  are  valued 
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on  the  assumption  that  the  ore  body  coDttnues  for  100  ft.  below  the  bottom 
level,  or  some  other  conservative  arbitrary  distance,  there  is  a  possibility 
of  increase  in  the  ore  reserves  and  in  the  value,  as  in  the  case  of  real  estate. 
Where  the  limits  of  the  ore  bodies  are  completely  known,  however,  either 
by  underground  work  or  by  diamond  drilling,  or  where  any  possible 
extension  of  an  ore  body  is  cut  off  by  the  property  lines,  this  speculative 
v^ue  does  not  exist,  and  the  return  on  the  investment  should  be  cor- 
respondingly greater.  By  using  the  same  rate  of  interest  in  valuing  all 
mines  by  this  method,  an  injustice  is  done  mines  which  are  fully  de- 
veloped, and  particularly  certain  mines  where  the  ore  bodi^  are  in 
flat-lying  beds,  and  where  the  whole  tonnage  may  therefore  be  calcu- 
lated from  the  results  of  drilling.  J.  Parke  Channing  discusses  this  point 
in  his  remarks  on  "Mine  Valuation."  He  says:'  "May  it  not  be  possible 
to  have  a  mine  with  too  much  ore  in  sight?  I  ask  this  question 
because  the  general  tenor  of  the  discussion  on  mine  valuation  has  made 
ore  in  sight  the  crucial  test  of  the  value  of  a  property.  If  based  on  this 
test,  many  of  our  good  iron  mines  would  make  a  sorry  showing,  and  yet 
th&T  capacity  for  production  is  well  known  and  year  after  year  they 
come  up  to  expectation."  Speaking  of  certain  pyrites  mines,  Mr. 
Channing  goes  on  to  say:  "We  have  taken  the  ground  that  in  mines  of 
this  character  the  deposits  are  so  regular  that  the  better  test  of  their 
relative  values  is  to  be  found  in  their  capacity  for  production  per  100  ft. 
of  depth,  rather  than  in  the  number  of  tons  of  ore  available  for  im- 
mediate shipment;  that  is,  in  sight."  In  other  wor(fe,  Mr.  Channing 
claims  that  mines  should  not  necessarily  be  \Tilued  in  proportion  to  their 
ore  reserves,  and  that  if  they  are,  the  mines  with  the  most  ore  in  sight  are 
overvalued.  This  is  the  same  as  saying  that  if  ore  reserves  are  taken 
into  account,  as  they  must  be,  the  valuations  of  mines  with  large  ore 
reserves  should  be  obtained  by  capitalizing  the  profits  from  the  reserves 
at  a  higher  rate  of  interest  than  in  the  case  of  steady  producers  with 
small  ore  reserves  but  considerable  speculative  value. 

Another  important  difference  between  iron  mines  and  city  real  estate 
is  the  amount  of  physical  risk  to  the  property.  It  must  be  admitted  that 
the  risk  of  fires,  cave-ins,  strikes,  sand-runs,  breakdowns  of  machinery, 
etc.,  in  the  case  of  mines,  is  greater  than  the  risk  of  fires,  floods,  tornadoes, 
et«.,  in  the  case  of  city  real  estate.  Furthermore,  the  coat  of  insurance 
gainst  these  risks  in  the  case  of  real  estate  is  comparatively  small,  and  is 
included  in  the  fixed  chaises.  In  the  case  of  mines  no  insurance  gainst 
the  risks  mentioned  above  is  carried,  as  its  cost  would  probably  he  pro- 
hibitive, and  the  damages  difiicult  to  ascertain. 

Another  condition  that  enhances  the  value  of  city  real  estate,  and  so 
affects  the  rate  of  interest,  is  the  possibility  of  ready  sale  without  material 
sacrifice.     Iron  mines  are  only  sold  at  long  intervals. 

*  Engineering  and  Mining  Journal,  vol.  Ixxvi,  No.  11,  p.  3S3  (Sept.  12,  1903). 
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The  differences  between  iron  mines  and  real  estate  are,  briefly,  the 
greater  stability  of  profits  in  the  case  of  real  estate,  the  lesser  physical 
risk  and  possibility  of  covering  it  with  insurance,  the  greater  chance  of  an 
increase  in  the  principal  (as  compared  with  most  iron  mines),  and  the 
possibility  of  ready  sale.  In  view  of  these  differences  it  certainly  seems 
reasonable  that  the  return  upon  an  investment  in  iron  mines  should  be 
considerably  greater  than  upon  an  investment  in  real  estate. 

As  regards  stock-market  valuations,  Mr.  Finlay  realized  that  mines 
are  much  overvalued  in  the  stock  market  and  disregarded  these  valuations 
in  his  valuation  of  Michigan  copper  mines.  This  overvaluation  is  prob- 
ably because  stocks  are  a  medium  of  speculation  and  most  investors  in 
mining  stocks  expect  to  make  more  from  an  increase  of  principal  than 
from  dividends.  Because  speculators  are  satisfied  with  5  per  cent, 
dividends  from  listed  miuii^  stocks  is  no  reason  that  that  is  a  fair  return 
on  money.  They  all  expect  to  make  more  than  that,  whether  they  do 
or  not.  I  would  ask  Mr.  Brinsmade  if  he  would  invest  in  mining  stocks 
expecting  to  net  only  5  per  cent,  after  charging  off  part  of  his  dividends 
for  a  sinking  fund,  or  if  he  values  mining  properties  for  his  clients  on  a 
5  per  cent,  basis. 

Mr.  Burnham  says:*  "It  is  a  source  of  constant  wonder  that  people 
invest  in  copperorsilver  ventures  on  the  same  basis  as  gold — i.e.,  that  they 
accept,  say,  6  per  cent,  return  on  copper  shares,  and  ask  the  same  of 
gold.  If  such  investors  could  bring  themselves  to  abandon  their  attitude 
of  self-deception  for  a  moment  they  would  no  doubt  admit  that  what  they 
really  want  is  share  speculation,  but  in  order  to  indulge  themselves  com- 
fortably in  such  pastime,  they  seek  to  be  told  that  it  is  investment." 

In  this  paragraph  Mr.  Burnham  had  reference  to  the  variable  selling 
price  of  other  metals  than  gold,  and  iron  ore  falls  in  the  same  class  as  cop- 
per and  silver.  I  believe  that  5  per  cent,  is  altogether  too  low  a  return  to 
make  an  investment  in  iron  mining  attractive,  and  therefore  too  low  a  rate 
to  use  as  a  basis  of  valuation. 

It  has  been  claimed  that  in  a  valuation  such  as  Mr.  Finlay's  all  risks 
are  taken  into  account  in  the  average  cost  of  production.  This  might  be 
true  of  certain  hazards  of  the  mining  business,  such  as  strikes,  mine  fires, 
cave-ins,  sand-runs,  etc.,  if  theyhavehappenedduring  the  period  for  which 
costs  are  averaged.  They  probably  have  not  happened  in  such  a  short 
period,  however,  and  there  is  fdways  the  risk  that  they  maybe  worse  in  the 
future  than  in  the 'past.  But,  aside  from  these  risks,  there  are  certain 
risks  that  cannot  possibly  be  taken  account  of  in  the  cost  of  production. 
These  are  the  risk  that  the  future  average  price  of  ore  will  be  less  than  the 
averf^e  price  assumed,  the  risk  that  the  estimate  of  tonnage,  often  based 
largely  on  diamond  drilling,  is  too  great,  and  the  risk  that  for  one  reason  or 
another  the  annual  production,  depending  upon  the  amount  that  can  be  sold 
'  Modtm  Mint  Valuatton,  p.  26. 
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annually,  may  not  averse  as  high  in  the  future  as  in  the  past.  These 
risks  can  only  be  taken  into  account  by  a  rate  of  interest  higher  than  the 
normal  rate  of  5  per  cent.,  and  necessitate  a  rate  of  at  least  10  per  cent. 

3.  Place  of  Royally  Item  in  Valuation. — From  Mr.  Brinsmade's  di»- 
cussioD  it  is  evident  that  he  misread  my  paper.  I  had  no  idea  of  adding 
royalty  to  mining  costin  reckoning  valuation  for  taxation  purposes  and  did 
not  do  so  ia  my  discussion  of  Mr.  Finlay's  figures.  I  considered  royalty 
in  comparing  the  cost  of  production  of  Lake  Superior  and  Cuban  ores, 
for  reasons  stated,  but  that  is  a  very  different  thing. 

If  we  were  reckonii^  valuations  from  the  standpoint  of  a  purchaser 
it  would  nevertheless  be  entirely  correct  to  add  royalty  to  mining  cost, 
and  I  therefore  disagree  with  Mr.  Brinsmade's  last  paragraph  on  this 
subject.  Theoretically  royalties  maynot  affect  the  scale  of  prices,  but  in 
practice  they  do  when  an  industry  is  firmly  established  on  a  royalty  basis 
with  long-term  leases,  as  is  the  case  in  the  Lake  Superior  district,  or  in 
the  anthracite  field  in  Peimaylvania.  If  conditions  change  so  there  ia  no 
profit  to  the  operator  on  this  royalty  scale,  I  admit  that  the  average 
royalty  would  tend  to  decrease,  but  it  would  be  a  slow  process  and  would 
probably  take  at  least  10  years  to  effect  any  considerable  decrease  in  the 
royalty.  A  purchaser  could  not  count  on  such  a  future  reduction  and 
must  consider  royalty  as  a  mining  cost  From  the  standpoint  of  the 
State,  royalty  is  immaterial,  however,  since  it  makes  no  difference  to  the 
State  whether  the  profit  goes  to  the  operator  or  to  the  fee  owner  in  form 
of  royalty.  The  valuation  for  taxation  purposes  is  necessarily  reached 
by  including  royalty  as  profit. 

4.  Place  of  Taxation  Item  in  Valuation. — Mr.  Brinsmade's  suggestion 
b  very  good  theoretically,  but  I  do  not  believe  it  is  practical.  If  the 
only  taxes  to  be  levied  were  State  taxes,  it  might  do,  but  with  the  compli- 
cation of  city,  township,  and  county  taxes  brought  in,  different  for  almost 
every  mine,  it  would  be  very  difiicult  to  apply.  No  values  could  be  placed 
on  the  mines  until  the  preliminary  valuation  of  each  city,  township,  and 
county  and  the  total  valuation  of  the  State  were  determined  and  the 
amount  of  money  to  be  raised  for  each.  "  t"  would  then  have  to  be  deter- 
mined independently  for  each  mine  three  times,  for  city,  county,  and  State 
taxes,  and  the  sum  of  the  three  t's  used  to  figure  the  final  valuation. 

It  seems  to  me  simpler  to  apportion  each  mine  its  share  of  the  taxes 
for  the  current  year  as  nearly  as  can  be  estimated  and  divide  by  the  aver- 
age tonnage  per  year,  adding  the  coat  of  taxes  per  ton  to  mining  cost. 
The  result  should  be  the  same  as  by  Mr.  Brinsmade's  st^gested  method, 

5.  Calctdation  of  Future  Ore  Prices. — Mr.  Brinsmade  treats  Mr. 
Finlay's  assumed  future  price  of  Lake  Superior  ore  too  lightly.  To  be 
sure,  it  is  not  so  bad  for  a  company  to  pay  1100,000  more  than  its  fair 
share  of  taxes  for  one  year  as  it  would  be  to  pay  the  extra  {100,000  for 
10  years,  but  it  is  bad  enough.  'Furthermore,  it  is  just  as  bad  to  have  the 
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erroneous  aasumption  made  every  year  for  10  years  aa  it  would  be  to 
have  it  made  in  the  beginning  to  hold  for  10  years.  In  Michigan,  Mr. 
Finlay's  valuations  stood  for  iwo  years,  and  when  they  were  revised,  1 
believe,  the  future  price  trf  ore  was  determined  from  the  average  of  ore 
prices  for  the  last  five  years  instead  of  Mr.  Finlay's  period  of  seven  years. 
If  the  revaluation  were  made  every  year  aad  the  same  period  used  each 
year  to  determine  the  average  price,  I  admit  that  the  errors  in  determining 
the  future  price  would  balance  in  the  course  of  time,  but  what  security 
is  there  that  the  same  period  will  be  used  each  year,  with  changing  tax 
commissions  and  different  mining  eifperts?  After  a  period  of  low  prices 
when  mines  have  been  valued  high  because  of  the  high  average  price 
during  the  previous  period  it  will  be  a  great  temptation  to  the  tax  com- 
mission, when  prices  rise  again,  to  change  the  period  used  to  determine 
the  average  price  so  as  to  obt^n  a  higher  average,  more  nearly  corre- 
spondii^  with  current  prices.  In  this  way  the  mines  would  always  he 
taxed  on  the  basis  of  high  prices.  In  other  words,  the  human  and  political 
element  must  be  considered,  and  the  future  average  price  must  be  fore- 
casted as  accurately  as  possible,  not  depending  on  errors  to  balance. 

6.  Valuation  of  Undeveloped  Mining  Land. — ^"Self-assessment"  may 
be  practical  for  timber  and  real  estate  where  the  value  is  in  sight  and  may 
be  estimated  closely.  In  the  case  of  undeveloped  mining  property, 
however,  the  owner  does  not  know  the  true  value,  and  has  no  means  of 
determining  it  except  by  expensive  exploration.  It  surely  Is  not  right 
to  force  him  to  explore  it,  involving  not  only  the  expenditure  of  large  sums 
of  money  but  a  laige  annual  loss  in  interest  on  this  expenditure  until  such 
time  as  the  property  can  be  developed.  It  would  be  suicidal  for  an  opera- 
tor to  attempt  to  explore  and  develop  all  his  undeveloped  land  at  once, 
yet  that  is  what  "self -assessment"  would  lead  to.  Such  a  policy  would 
result  in  over-expansion  of  the  operator,  overproduction  of  iron  ore,  and 
collapse  in  the  first  period  of  business  depression.  Would  Mr.  Brinsmade 
wish  to  force  an  overproduction  of  iron  ore  similar  to  the  overproduction 
of  bituminous  steam  coal,  or  rather  the  over-capacity  of  production,  in 
this  country?  It  is  well  known  that  most  soft-coal  mines  are  closed  down 
a  part  of  the  year.  Iron  mining  is  now  a  prosperous  industry  and  the 
miners  are  well  housed  and  fed  and  have  steady  work  all  the  year  round 
as  a  rule.  There  is  over-capacity  enough  in  the  iron  business  now  with- 
out forcing  development  of  all  undeveloped  lands  at  once,  "  Self-assess- 
ment" is  diametrically  opposed  to  conservation,  to  which  more  and  more 
attention  is  being  directed  of  late. 

If  "self-assessment"  did  not  lead  to  over-development  and  over- 
production, it  would  lead  to  confiscation  of  property  by  the  State,  and 
we  have  not  yet  reached  that  stage  in  this  country.  The  State  has  no 
right  to  force  an  owner  to  sell  or  to  name  a  price  at  which  he  will  sell. 

Another  disadvantage  would  be  the  possibility  of  the  land  becoming 
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more  valuable  before  s  second  assessment.  It  would  be  a  temptation  to 
graft  and  dbhonesty  on  the  part  of  office  holders,  who  might  confiscate 
the  property  and  sell  to  more  favored  parties.  Others  would  probably 
know  of  the  increased  value  long  before  the  owners,  and  by  conniving 
with  State  officials  might  confiscate  it. 

Summary. — In  Mr.  Brinsmade's  summary  he  states  that  Mr.  Finlay's 
general  scheme  of  mine  valuation  has  been  sustained  by  the  Michigan 
courts.  This  is  true,  as  far  as  it  goes,  but  it  must  be  borne  in  mind  that 
it  was  only  the  general  scheme  that  was  ruled  upon  in  the  Newport  and 
Sunday  Lake  cases,  to  which  Mr.  Brinsmade  undoubtedly  refers;  that 
the  factors  used  by  Mr.  Finlay  were  not  specifically  confirmed;  and  that 
these  cases  have  only  been  decided  in  the  lower  court.  The  Newport 
case  has  been  heard  in  the  Supreme  Court  but  has  not  yet  been  decided. 
The  Sunday  Lake  case  has  been  appealed,  but  has  not  yet  been  heard  in 
the  Supreme  Court. 

Mr.  Brinsmade  must  be  unfamiliar  with  the  terms  of  leases  in  the  Lake 
Superior  district,  since  he  commiserates  "any  operators  who  .  .  .  were 
unwise  enough  to  take  long  leases  on  a  fixed  royalty  with  the  proviso  that 
the  lessee  should  pay  all  taxes."  As  a  matter  of  fact,  aU  operators  have 
to  take  leases  either  on  a  flat  rate  royalty  or  on  a  percentage  of  the  selling 
price  per  ton,  since  those  are  the  only  royalty  terms  ever  given  in  the 
district.  A  percentage  basis  is  worse  for  the  operator  than  a  flat  rate, 
since  as  taxes  increase  the  selling  price  increases  and  hence  the  royalty 
increases.  A  percentage  of  net  profit  would  be  more  desirable  from  the 
operator's  standpoint,  but  I  know  of  no  such  leases  in  the  district.  It  b 
doubtful  if  fee  owners  would  ever  agree  to  such  an  arrangement,  since  it 
would  be  apt  to  lead  to  falsification  of  records  and  wrongly  kept  cost 
sheets,  and  with  mismanagement  they  would  receive  little  or  no  royalty. 
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Fusl  Oil  in  the  Southwest 
With  a  Bibliography  of  Fuel  Oil  Generally 

BT    WILLIAM  B.    PHILLIPS,    AT7BTIN,    TEXAS 
(N*w  Yoik  MMUag.  Februnir,  1(111) 

This  paper  was  prepared  at  the  request  of  Capt.  A.  F.  Lucas,  Cbair- 
maii  of  the  Institute's  Conmiittee  on  Petroleum  and  Gas,  as  a  pre- 
liminary discussion  of  the  fuel  oils  which  are  used  in  the  Southwest,  giving 
their  composition,  uses,  prices,  etc.  Should  it  afterward  be  found 
dedrable,  these  observations  may  be  extended  over  a  larger  area.  In 
this  comiection,  I  suggest  that  samples  of  all  kinds  of  fuel  oils,  including 
various  tars,  from  all  over  the  country,  be  collected  and  ^nt  to  some  test- 
ing laboratory  for  examination.  We  would  be  glad  to  extend  the  facili- 
Ues  of  the  laboratory  of  the  Bureau  of  Economic  Geology  and  Technology, 
at  the  University  of  Ttoas,  for  this  purpose,  and  to  do  the  work  free  of 
all  expenses.  After  such  examinations  are  made  and  the  results  classified 
and  studied,  it  would  be  possible  to  suggest  specifications  under  which 
fuel  oils  should  be  purchased,  and  to  arrive  at  some  conclusions  respecting 
the  uniformity  of  such  specifications,  with  due  allowance  for  climatic 
and  other  more  or  less  local  conditions.  While  such  specifications  do 
not  now  depart  from  a  common  standard  anything  like  as  much  as 
Epecifications  for  illuminating  oils  do,  yet  there  are  discrepancies  which 
should  not  exist.  Some  of  these  discrepancies  are  of  lessening  impor- 
tance, due  to  the  pronounced  tendency  to  distill  every  crudd  oil  that  can 
be  distilled  with  profit,  and  to  send  residues  into  the  market  for  fuel  oil. 
Residues  from  the  refineries  are  of  a  more  uniform  chemical  composition 
and  physical  nature  than  many  of  the  crude  oils  that  go  direct  into  the 
futl  market. 

The  lower  fiash-point  oils  are  disappearing  from  the  fuel  trade  and  in 
place  of  them  we  are  getting  oils  that  do  not  fiash  below  220°  F.,  nor 
bum  imder  320°  F.  In  the  Southwest,  it  has  not  been  long  since  we  had 
fuel  oils  that  Bashed  at  as  low  as  110°  F.,  and  the  average*  flash  point  over 
a  condderable  period  was  151°  F.  Now  we  are  using  oil  that  flashes  at 
about  30°  lower  than  the  former  burning  point,  which  was  256°  F.  In 
other  words,  the  flash  point  has  risen,  on  the  average,  100°;  and  the 
burning  point  about  76°. 
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Less  than  two  years  ago  the  range  of  flash  poiat  in  fuel  oils  brought 
under  our  observation  was  from  110°  to  208°,  a  variation  of  nearly  100°. 
These  same  oils  bad  a  burning  point  from  210°  to  303*,  a  range  of  nearly 
100*.  Within  the  last  months,  fuel  oils  have  shown  a  range  of  flash 
point  from  180°  to  276*,  and  of  burning  point  from  260°  to  345°.  While 
the  range  of  flash  and  burning  points  in  these  oils  is  about  the  same  in 
each  case,  taking  all  kinds  of  oil,  yet  the  range  in  residuum  oil  is  much  less 
marked.  It  is  easy  to  see  that  a  fuel  oil  flashing  at  110°  is  a  dangerous 
oil.  The  U.  S,  Navy  r^ulation  of  200°  flash  point  is  not  unreasonable. 
We  shall  recur  to  this  matter  again. 

As  an  aid  in  this  investigation,  I  have  prepared  a  bibliography  of 
books  and  articles  dealing  with  fuel  oil.  The  basis  of  these  lists  is  the 
excellent  Bibliography  of  Petroleum  prepared  by  W.  H.  Dalton,  L.  V, 
Dalton,  S.  L.  James,  and  E.  S.  Ward  for  the  third  (1913)  edition  of  Sir 
Boverton  Redwood's  Treatiae  <m  Petroleum.  These  gentlemen  listed 
8,804  titles,  from  1662  to  1911.  I  went  over  this  list  carefully  and  took 
out  the  titles  of  all  books  and  articles  leferring  specifically  to  fuel  oil  and 
added  to  it  many  titles  for  the  years  1911-1912,  and  part  of  1913.  All 
of  these  titles  were  then  classified  under  appropriate  and  convenient 
headings,  so  that  it  is  now  easy  to  sec  what  has  been  published,  accord- 
ing to  subject.  It  is  not  claimed  for  this  bibliography  that  it  is  original 
or  complete,  but  it  is  thought  that  the  104  books  and  the  800  articles 
listed  comprise  by  far  the  greater  number  of  the  really  important  books 
and  papers.  It  represents  the  results  of  the  reading  and  selection  of 
some  10,000  titles.  I  would  be  much  gratified  to  have  this  list  criticised, 
corrected,  added  to  or  taken  from.  With  the  exception  of  the  Russian 
references,  which  were  translated  for  Redwood's  book,  the  titles  appear 
in  the  language  in  which  the  books  or  articles  were  written  and  as  they 
are  given  in  the  Bibliography  of  Petroleum  above  referred  to. 

The  fuel  oils  that  now  come  into  market  in  the  Southwest  are  of  two 
principal  kinds: 

1,  Crude  oil  that  cannot,  under  present  conditions,  be  profitably  dis- 
tilled. Such  oils  contain  the  distillates  which  are  removed  in  the  refin- 
eries, together  with  the  heavy,  more  or  less  asphaltic  material  which 
remains  in  the  stills  after  the  lighter  fractions  have  been  removed. 

2.  Residuum  from  the  stills  (ost-atki,  or  asiatki,  of  the  Russian  trade). 
This  contains  no  light  oils  and  is  more  or  less  asphaltic  in  character. 

In  the  early  days  of  the  Texas-Louisiana  oil  industry  a  great  deal  of 
crude  oil  was  sold  as  fuel  and  at  very  low  prices,  20c.  a  barrel  and  even 
less.  An  analysis  of  a  representative  crude  oil  of  that  period  is  as 
follows: 
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PractioM, 

Per  Cent. 

SpeciSo 

Color 

Degrees  F- 

by  Volume 

Gravity 

84.2  to  213 

212      to  257 

257      to  302 

2.S 

0.7938 

ColorlesB 

302      to  347 

2.4 

0.8275 

Colorless 

347      to  392 

1.1 

Colorless 

392      to  437 

3.1 

0,8387 

Pale  amber 

437      to  482 

6.2 

0.8590 

Pale  amber 

482      to  627 

11.8 

0.8748 

Straw  yellow 

527      t«572 

IS. 3 

0.8897 

Straw  yellow 

572     to  617 

5.8 

0.8957 

Straw  yellow 

Above  617 

36,8 

0.9094 

Reddish  brown 

The  color  of  the  crude  oil  waa  reddish  brown;  the  flash  point  was  120° 
F.;  the  specific  gravity  was  0.9103  =  24°  Bautn^;  it  contained  2.4  per 
cent,  of  sulphur;  the  British  thermal  units  per  pound  were  19,785. 

Other  samples  of  the  early  Beaumont  oil  had  a  flash  point  of  165° 
F.  (open  cup),  a  viscosity  of  98  at  70°  F.,  and  did  not  congeal  at  10° 
below  zero  F.  They  showed  Ipbs  sulphur  than  the  above  analysis.  The 
fractions  yielded  up  to  500°  F.  varied  from  19  to  38  per  cent.,  according 
to  different  samples  and  different  analysts.  A  flash  test  of  110°  and  a 
burning  test  of  180°  are  recorded,  but,  bo  far  as  the  writer  is  informed, 
there  was  no  flash  point  higher  than  165°  F.,  nor  burning  point  higher 
than  200°  F.  The  oil  had  a  comparatively  low  viscosity,  flowed  readily, 
was  easily  handled  by  ordinary  pumps  and  did  not  congeal  at  a  tem- 
perature several  degrees  below  zero,  5  to  10. 

Fuel  oil  of  thi?  general  character  was  supplied  for  several  years,  even 
after  the  completion  of  some  of  the  refineries,  and  it  is  still  marketed. 

Following  the  completion  of  the  refineries  and  the  laying  of  pipe 
lines  less  and  less  crude  oil  was  sold  for  fuel  and  more  of  it  was  distilled. 
The  increasing  demand  for  gasoline,  naphtha,  etc.,  consequent  upon  the 
development  of  the  internal-combustion  engine  and  chemical  industries, 
was  instrumental  in  causing  a  gradual  shifting  of  the  fuel-oil  trade  from 
crude  oil  to  the  residuum  oil. 

In  the  laboratory  of  the  Bureau  of  Economic  Geoli^y  and  Technology, 
University  of  Texas,  we  have  recently  examined  12  samples  of  repre- 
sentative fuel  oils  f'om  T^as  and  Louisiana.  These  oils  were  distilled 
by  the  Engler  method,  and,  in  addition,  there  were  determined  the 
color,  specific  gravity,  viscosity,  flash  point,  burning  point,  and  British 
thermal  units  per  pound. 

The  following  tables  show  the  character  of  these  oils  (analyses  by 
S.  H.  Worrell  and  J.  E.  Stullken) : 
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Analysis    No. 

Spedfio  Gravity  at 
■80*  F. 

Visoosity 
at  70''  F. 

Flaah 
Point, 
Deg.  F, 

Burnlog 
Point, 
Deg.F. 

B.t.u.  per 
pound. 

1,162 

0.898  (26°  B.) 

2,000 

248 

302 

19,164 

1,163 

0.921  (za-B.) 

226 

140 

196 

18,996 

1,166 

0.916  (23' B.) 

204 

140 

167 

19,040 

1,157 

0.940  (19"  B.) 

1,200 

248 

302 

18,880 

1,158 

0.910  (24°  B.) 

204 

131 

156 

19,080 

l.ISft 

0.898  (28"  B.) 

1,008 

212 

302 

19,160 

1,160 

0.940  (WB.) 

1,134 

158 

230 

18,884 

1,161 

0.921  (22°  B.) 

106 

104 

140 

19,000 

1,167 

0.915  (23' B.) 

151 

194 

266 

19,028 

1,168 

0.927  (21°  B.) 

1,764 

266 

356 

19,312 

1,169 

0.927  (21°  B.) 

270 

15S 

257 

19,312 

1,170 

0.940  (19°  B.) 

3,600 

140 

185 

19,232 

In  these  analyses  the  specific  gravity  varied  from  0.898  (26°  B.) 
to  0.940  (19"  B.),  with  an  average  of  0.917  (22.5°  B.) ;  the  viscosity  varied 
from  106  to  3,600;  the  flash  point  varied  from  104°  to  248°  F.,  with  an 
average,  if  figures  so  far  apart  may  be  averaged,  of  178°  P.;  the  burning 
point  varied  from  140°  to  356°  F.,  with  an  average  of  236°  F.  There 
was  not  a  great  variation  in  the  B.t.u.  and  the  average  was  19,090. 

These  samples  were  also  distilled,  with  the  following  results: 

Analysia  No.  1,152.     Saratega  Light  Crude  Oil.  Color,  Red-Brown 
Degrees  F.                                              Per  Cent.  Color 

Belo*  212 None  

212  to  302 None  

302  to  392 None  

392  to  482 2.5  Prime  white 

482  to  572 17.5  Cream  white 

672  to  662 7,0  Eittra  pale 

12,5 Lemon  pale 

20.0 Orange  pale  . 

19.5 Light  red 

13.5 Dark  red 

66,5 

Residue,  by  weight ,     7.5  

iboo 

ATialysis  No.  1,153.     Saratoga  Heavy  Crude  Oil.     Color,  Dark  Brown 
Degrees  F,  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 7.0  White 

392  to  482 10.0  White 

482  to  572 20.0  Cream  white 

572  to  662 44.0  Lemon  pale 

Above  662 16.0  Red 

Reaidue,  by  weight 3.0  

100.0 


Above  662. . 
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Analysis  No.  1,156.    Humble  Crude  Oil.    Color,  Red-Broton 

Degreea  F.                                                                 Per  Cent.  Color 

Below  212 None  

212  to  302 4.0  White 

302  to  392 2.5  White 

192  to  482 10.0  White 

482  to  572 IB.O  Prime  whit* 

572  to  662 12.0  Cream  white 

,.       a.„                                                     l'21.0  Extra  pale 

Above662 <  ,„  -  .               , 

1 19.5  Lemon  pale 

—      40.5 

ttisidue,  by  weight 12.0  

100.0 


Analysis  No.  1,157.     Welsh  Crude  (HI.     Color,  Dark  Brown 

Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  362 None  

392  to  482 4.0  &eam  white 

482  to  572 22.0  Eirtra  pale 

rW.O  Orangepale 

I    5.0  Light  red 

65.0 

Above  662 None  

Residue,  by  weight 9.0  


372  to  662.. 


Analysis  No.   1,158.     Humble  Crude  OH.     Color,  Red-Brown 
2,S00-ft.  Sand. 

Degrees  F.  Per  Cent.  Color 

Below  212 6.0  White 

212  to  302 4.5  Whit« 

302  to  392 17.0  White 

-392  to  482 3.0  Prime  white 

482  to  S72 14.0  Cream  white 

■>72to  662 9.0  Eirtra  pale 

il5.0  Lemon  pale 

20.0  Orange  pale 

6.0  Light  red 

40.1 

Rendoe,  by  weight 5.5  


100.0 
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Ancdysis  No.  1,169.     Eleclra  Reaiduum  Oil.      Color,  Bed-Broum 

DegreeB  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  


302  to  392 1.0 

392  to  482 1 .0 

482  to  672 11,0 

572  to  662 5.5 

18.6 
17.0 

Above662 16.0 

16. 0 


White 
White 
Prime  white 
Cream  white 
Elxtra  pale 
Lemon  pale 
Ortrage  pale 
light  red 
Dark  red 


Residue,  by  weight 8.5 


Analysis  No.  1,160.     Sour  Lake  Crude  Oil.    Color,  Red-Brown 

Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 None  

392  to  482 11 .0 

482  to  672 23.0 

f  20.0 

\  19.0 

39.0 

Above  662 19.0  Red 

Reeidue,  by  weight 8-0  


672  to  662. . 


Cream  white 
Extra  pale 
Lemon  pale 
Light  red 


100.0 


Analysis  No.  1,161,     Humble  Crude  Oil.     Color,  Red-Broien 
1,200-ft.  Sand 

Per  Cent.  Color 

Below  212 .' None 

212  to  302 11.0  Cream  white 

302  to  392 10.0  Extra  pale 

392  to  482 15.0  Extra  pale 

482  to  672 38,0  Orange  pale 

672  to  862 20.0  Orange  pale 

Above  662 4.0  Red 

Residue,  by  weight 2.0  


100.0 
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Analysis  No.  1,167.     Markham  Crude  Oil.     Cdar,  Lighl-Brovm. 
Decrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  


!  to  482 

.   18.0 

White 

/20-0 

White 

28,0 

Eirtra  pale 

Ifl.O 

Extra  pale 

Lemon  pale 
Orange  pale 

4.0 



43.0 

ove«a2 

.     5.0 

Red 

iudue,  by  weight 

.     1.0 

Ajialyais  No.  1,168-     Caddo  Heavy  Crude  Oil.    Color,  Dark  Red-Brown 
Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 None  

392  to  482 8.0 

482  to  572 28.0 

572  to  662 13.0 

[23.0 
Above  662 14,0 


Residue,  by  weight. . 


6.0 


43.0 


White 

Extra  pale 

Lemon  pale 

Greenish  tinge 

Light  red 

Dark  red 


Analysit  No.  1,H 


Vinion  Crude  Oil.     Color,  Red-Brovm 


Per  Cent. 

Below  212 None 

212  to  302 None 

302  to  392 3.5 

392  to  482 11,0 

482  to  572 21,0 

572  to  662 {^i" 


40.5 


White 
White 
White 

Cream  white 
Extra  pale 

light  red 
Red 


Residue,  by  weight. . 
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Analysis  No.   1,170.     Mexican  Crvde  Oil.     Color,  Black 
Degrees  F.  Per  Cent.  Color 

Below  212 None  

212  to  302 None  

302  to  392 8.0  WliiU 

392  to  482 6.0  White 

482  to  672 14.0  Extra  pale 

r20.0  Light  red 
126.0  Red 


572  to  662.. 


46.0  

Above  662 8.0  

Residue,  by  weight 18.0 

100.0 

It  is  to  be  observed  from  these  analyses: 

1.  The  oil  of  the  lowest  flaah  point,  104"  F.,  had  also  the  lowest  vis- 
cosity, 106.  Up  to  482"  F.  (250°  C),  it  yielded  36  per  cent,  of  distillates, 
and  left  but  little  residue  in  the  still.  The  hurning  point  of  this  oil 
was  140°  F.  This  is  not  a  safe  oil  for  fuel  purposes,  the  flash  point  and 
burning  point  being  entirely  too  low. 

2.  The  oil  of  the  highest  flash  point,  266°  F.,  bad  a  high  viscosity, 
1,764.  Up  to  482"  F.,  it  yielded  8.0  per  cent,  of  diatillates,  and  left  8 
per  cent,  of  residue  in  the  still.  The  burning  point  of  this  oil  was  356° 
F.  This  is  a  very  safe  oil  for  fuel  purposes;  but,  on  account  of  its  high 
viscosity,  it  will  have  to  be  handled  through  larger  pipes  and  with 
special  pumps. 

3.  The  oil  of  a  medium  flash  point,  viz.,  194°  F.,  had  a  comparatively 
low  viscosity,  151.  Up  to  482°  F.,  it  yielded  23  per  cent,  of  distillates. 
Its  burning  point  was  266°  F.  While  this  oil,  in  respect  of  its  flash  point, 
would  not  meet  the  requirements  of  the  U.  S.  Navy,  200°  F.,  yet  it  is  a 
safe  fuel. 

4.  Out  of  the  12  samples  examined,  there  were  but  four  that  showed 
a  flash  point  above  200"  F.  Of  the  remaining  eight,  one  flashed  between 
190°  and  200";  two  between  150"  and  160";  three  between  140°  and  150°; 
one  between  130"  and  140°;  and  one  between  100°  and  110".  If  we  accept 
the  Navy  specification  as  to  flash  point,  two-thirds  of  these  oils  would  he 
rejected,  and  yet  they  are  representative  fuel  oils,  sold  and  used  in  large 
quantities  throughout  the  Southwest.  So  far  as  the  writer  is  informed, 
no  serious  catastrophe  has  occurred  from  the  use  of  any  of  these  oils, 
even  those  of  lowest  flash  point. 

In  order  to  elucidate  this  matter  further,  I  give  the  results  of  the 
examination  of  31  samples  of  fuel  oil  tested  in  our  laboratory  for  the 
Purchasing  Agent  of  the  State  of  Texas,  from  Nov.  26,  1912,  to  Jan.  22, 
1914.    The  State  of  Texas  maintains  a  Purchasing  Agent,  whose  duty 
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it  is  to  secure  supplies  for  the  charitable  institutions.  All  of  the  fuels 
are  analyzed  in  our  laboratory  r^ularly,  the  samples  being  taken  at 
the  points  of  consumption  under  instructions  from  this  official.  It  is  but 
fair  to  say  that  we  do  cot  have  charge  of  the  sampling,  but  we  do  advise 
the  State  Purchasing  Agent  how  the  samples  should  be  taken.  The 
examination  of  these  samples  shows  (analyses  by  S.  H.  Worrell  and 
J.  E.  Stullken) : 

Ftom  To  Average 

Specific  gravity 0.868  (SI'S.)  0.931  <21°  B-)  0.898  (26°  B.) 

Viscosity  at  70*  F 204  1,026  848 

Flashpoint 110  291  203 

Burning  point 180  360  277 

B.t.u.  per  pound 18,964  19,500  19,173 

There  has  been  a  marked  change  in  the  character  of  fuel  oils 
examined  for  the  State  Purchasing  Agent  since  November,  1912,  with 
respect  to  flash  and  burning  points.  During  1912-1913,  we  examined 
19  samples.     These  showed : 

From  To  Average 

Specific  gravity 0.868  (31°  B.)  0,931  (20°  B.)  0.898 

Flashpoint 110  218  151 

Burning  point 180  276  221 

Of  12  samples  examined  for  flash  point,  only  two  came  up  to  the 
Navy  requirements  of  200°  F.  One  sample  gave  between  190°  and  200°; 
one  sample  between  180"  and  190°;  one  between  140°  and  150°;  one  be- 
tween 130°  and  140°;  five  between  120°  and  130°;  and  one  between  100° 
and  110°. 

Beginning  in  the  fall  of  1913  and  continuing  through  the  winter 
deliveries,  12  samples  of  fuel  oil,  under  contracts  for  the  State,  showed  the 
following : 

From  To  Average 

Specific  gravity 0,892  (27°  B.)  0.904  (25°  B.)  0.90  (25°  B.) 

ViacoBity 204  1,026  548 

Flash  point 210  303  250 

Burning  point 260  350  324 

As  compared  with  the  quality  in  1912  and  the  early  part  of  1913, 
we  observe  that  the  flash  point  increased  from  110°  to  210°  F.,  the  average 
increasing  from  151°  to  250°;  the  burning  point  increased  from  180°  to 
260°,  the  average  increasing  from  221"  to  324°.  No  viscosity  determinar 
tions  were  made  on  the  earlier  samples. 
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Of  these  12  samples,  not  one  of  them  flashed  as  low  as  200°  F.,  and 
the  average  of  the  entire  lot  was  250°.  These  samples  were  taken  from 
actual  deliveries  at  points  of  consumption  and  are  not  company  samples 
at  all. 

Every  one  of  these  samples  represents  a  safe  fuel  oil,  whereas,  of  the 
former  lot  only  two  out  of  twelve,  or  16.6  per  cent.,  are  to  be  considered 
as  safe,  from  the  standpoint  of  Sashing. 

During  the  last  months  there  has  been  some  complaint  from  fuel-oil 
consumers  as  to  the  quality  of  the  oil.  In  nearly  every  case  that  has 
been  investigated,  the  trouble  was  found  to  be  in  the  methods  of  handhng, 
in  the  pumps  and  in  the  burners.  In  one  particular  case  the  oil  was 
pumped  about  1\  miles  from  the  railroad  siding  to  the  storage  tanks  at 
the  boilers.  It  was  handled  with  difficulty.  The  pipe  was  too  small 
and  the  pumps  were  not  des^ned  to  handle  a  heavy,  viscid  oil. 

In  another  case,  the  consumer  said  that  he  was  compelled  to  add 
about  300  gal.  of  kerosene  to  his  fuel  oil  in  order  to  get  it  through  the  pipe$ 
to  the  burners,  by  gravity.  What  the  insurance  company  Would  have 
said  to  him  is  another  matter!  But  neither  the  insurance  companies  nor 
the  municipal  authorities  are  supposed  to  know  everything  and  there  is 
an  old,  but  questionable,  statement,  to  the  eSect  that  what  you  don't 
know  won't  hurt  you. 

Water  in  Fuel  Oil 

I  approach  this  subject  with  some  hesitancy,  for  I  am  aware  of  the 
confusion  attending  it.  The  accurate  determination  of  water  in  heavy 
oils  is  a  matter  of  considerable  difficulty,  and  it  is  doubtful  if  any  of  the 
methods  now  proposed  is  reliable  in  every  case.  Of  course,  there  shouhl 
not  be  water  in  fuel  oil,  but,  equally  of  course,  it  is  sometimes  present. 
It  is  gratifying  to  be  able  to  say  that  of  the  50  odd  commercial  samples 
of  fuel  oil  examined  in  our  laboratory  during  the  last  two  years,  only 
two  contained  appreciable  amounts  of  water.  Of  these  two,  however, 
one  contained  20  per  cent.,  and  the  other  5  per  cent.  Neither  of  these  oils 
was  a  very  heavy  oil,  so  that  we  were  able  to  determine  the  water  writh  h 
fair  degree  of  accuracy. 

We  are  now  trying  out  a  number  of  methods  for  the  determination 
of  water  in  heavy  crude  oils  and  in  residuum  oils  and  hope  to  be  alil« 
to  report  on  this  matter  later.  As  far  as  we  have  prt^ressed,  however 
we  are  able  to  say  that  the  gasoline  method,  as  adopted  by  the  XJ .  $^ 
Navy,  does  not  apply  to  some  of  the  very  heavy  oils  with  which  we  havi 
to  deal. 

Residuum  oils  can  contain  water  only  if  it  is  purposely  added  or  i 
rain  water,  etc.,  gets  into  the  tank  cars  or  reservoirs. 
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Dirt,  Sand,  Sedimeni,  etc. 

Practically  all  of  the  oils  that  we  have  examined  were  commercially 
free  from  sand,  sediment,  etc.  One  complaint  that  reached  ua  was  found 
to  be  due  to  an  insufficient  pipe  line  and  to  inadequate  pumps  and 
burners,  not  to  the  quality  of  the  oil.  If  the  well  casing  is  not  properly 
set,  or  if  there  is  a  break  in  the  casing,  opportunity  is  given  for  the  intake 
of  dirt,  etc.,  hut  we  have  not  found  that  the  fuel  oils  are  dirty  oils- 
One  consumer  complained  that  his  oil  was  dirty  because  he  could  write 
his  name  in  the  dirt  that  was  on  top  of  the  oil.  This  complaint  was  not 
found  to  be  well  based. 

Sulphur 

We  have  not  examined  many  fuel  oils  for  sulphur.  As  a  rule,  this 
ingredient  is  not  included  in  specifications,  and  is  not  ordinarily  deter. 
mbed.  In  some  fuel  oils  the  sulphur  may  be  as  high  as  1  per  cent.,  but 
the  average  is  probably  below  0.75  per  cent. 

Viscosity 

Considering  the  advent  of  very  heavy,  viscid  oils  into  the  fuel  trade, 
the  d^ree  of  viscosity  should  always  be  specified.  In  the  U.  S.  Navy 
it  is  required  that  fuel  oil  shall  flow  freely  from  a  round  orifice  of  ^ 
in.  under  a  head  of  2  ft,,  at  a  temperature  of  40°  F.  This  is  a  severe 
requirement  and  should  be  modified.  A  better  plan  would  be  to  require 
that  the  oil  shall  flow  through  an  orifice  of  given  size  at  the  rate  of  so 
many  gallons,  or  fractions  thereof,  per  unit  of  time,  at  a  temperature 
of  60°  F.,  and  under  a  given  head.  Many  of  our  best  fuel  oils  would  be 
^scluded  under  the  present  ^eciScations.  The  expression  "shall  flow 
freely  and  in  a  continuous  stream"  is  entirely  too  vague.  A  tempera- 
ture of  40°  F.  is  too  severe  a  requirement,  considering  that  the  flash  point 
is  placed  at  the  minimum  of  200°  F. 

We  determined  the  specific  gravity  at  60°  F.  and  the  viscosity  at  70° 
F.,  in  24  samples.  The  results  were  as  follows — specific  gravity,  upper 
fipires;  viscosity,  lower  %ures: 

0.892        0.898        0.902      0.904        0.910      0,915      0.921      0-927      0,940 
250  444         1,026  204  204  151  106  270       1,134 

28S  636  384  204  226       1,764       1,200 

840  560  3,600 

1,008  564 

2,000  618 

768 

.According  to  these  results,  there  is  no  connection  between  the  specific 
iravity  and  the  viscosity.     While  it  is  true  that  the'  heaviest  oil  had  the 
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highest  viscosity,  yet  one  of  the  lighter  oils  had  a  viscosity  greater  than 
two  of  the  samples  of  the  heaviest  oil.  The  lowest  viscosities  observed, 
106  and  226,  were  in  a  heavy  oil,  specific  gravity  0.921.  The  lightest 
oil  did  Dot  have  the  lowest  viscosity. 

There  are  heavy  liquids  that  are  not  viscous  and  there  are  viscoub 
liquids  whose  viscosity  is  exceeded  by  that  of  lighter  liquids. 

Viscosity  arises  from  the  mutual  attraction  of  the  molecules.  An 
increase  of  temperature  diminishes  it  and  a  decrease  of  temperature 
increases  it.  For  the  easily  flowing  oils  we  should  employ  the  term 
mobility,  as  this  is  the  opposite  of  viscosity.  Just  where  the  line  of 
separation  should  be  drawn,  for  fuel  oils,  I  am  not  now  prepared  to  say, 
but  would  venture  to  suggest  that  it  be  made  a  subject  of  investigation 
by  the  Institute's  Committee  on  Petroleum  and  Gas.  With  such  a  wide 
range  in  fuel  oils,  106  to  3,600,  in  what  is  termed  "viscosity,"  it  would 
appear  that  there  is  urgent  need  of  a  new  nomenclature.  There  are 
five  principal  elements  that  enter  into  this  matter: 

1.  Time. 

2.  Amount  of  oil. 

3.  Temperature. 

4.  Size  and  condition  of  orifice. 

5.  Head. 

The  term  "viscosity"  should  relate  to  the  time  required  for  a  given 
amoimt  of  oil  at  a  given  temperalure  to  flow  through  a  given  orifice  under 
a  given  head.     This  would  clarify  a  much-troubled  subject. 

In  Technical  Paper  ffo.  3  of  the  U.  S.  Bureau  of  Mines,  Washington, 
1911,  Irving  C.  Allen  proposes  the  following  specifications  for  fuel  oil 
to  be  purchased  by  the  government: 

(1)  In  determining  the  awttrd  of  &  contract,  oonaideration  will  be  given  to  the 
quality  of  the  fuel  offered  by  the  bidders,  as  well  as  the  price,  and  should  it  appear 
to  be  to  the  best  interest  of  the  Qovemmeat  to  award  a  oontraot  at  a  higher  price 
than  that  named  in  the  lowest  bid  or  bids  received,  the  oontract  will  be  so  awarded. 

(2)  Fuel  oil  should  be  either  a  natural  homogeneous  oil  or  a  homogeneous  rendue 
from  a  natural  oil;  if  the  latter,  all  oonstituents  having  a  low  flash  point  should 
have  been  removed  by  distillation;  it  should  not  be  composed  of  a  light  oil  and  a 
heavy  residue  mixed  in  such  proportions  as  to  give  the  density  desired. 

(3)  It  should  not  have  been  distilled  at  a  temperature  high  enough  to  bum  it, 
nor  at  a  temperature  ao  high  that  flecks  of  carbonaceous  matter  began  to  separate. 

(4)  It  should  not  flash  below  60°  G.  (140'  F.)  in  a  idosed  Abel-Penaky  or  Fenaky- 
Martens  tester. 

(5)  Ita  specific  gravity  should  range  from  0.85  to  0.96  at  16°  C.  (6fl'  F.);  the  oil 
should  be  rejected  if  its  specific  gravity  ia  above  0.97  at  that  temperature. 

(6)  It  should  be  mobile,  free  from  solid  or  semisolid  bodies,  and  should  flow  readily, 
at  ordinary  atmospheric  temperatures  and  under  a  head  of  1  ft.  of  oil,  through  a 
4-in.  pipe  10  ft.  in  length. 

(7)  It  should  not  congeal  nor  become  too  sluggish  to  flow  at  0°  C.  {32'  F.). 

(8)  It  should  have  a  calorific  value  of  not  leea  than  10,000  calories  per  gram  (18,000 
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B.t  u.  per  pound);  10,2fi0  ooloriea  to  be  the  standaid.  A  bonus  is  to  be  ptud  or  a 
penalty  deducted  according  to  the  method  stated  under  section  21,  as  the  fuel  oil 
delivered  ia  above  or  below  this  standard. 

(9)  It  should  be  rejected  if  it  contains  more  than  2  per  cent,  water. 

(10)  It  should  be  rejected  if  it  contains  more  than  1  per  cent,  sulphur. 

(11)  It  should  not  contain  more  than  a  trace  of  sand,  clay,  or  dirt. 
The  specifications  for  fuel  oil  for  the  VS.  S.  Navy  are  as  follows: 

1.  I^iel  oil  shall  be  a  petroleum  of  best  quality,  free  from  grit,  acid,  fibrous  and 
other  foreign  matter  likely  to  clog  or  injure  the  burners  or  valves. 

2.  The  unit  of  quantity  to  be  a  gallon  of  231  cu.  in.  at  a  standard  temperature 
of  60°  F.  For  every  variation  of  10°  F.  from  the  standard,  one-half  of  1  per  cent, 
shall  be  added  to  or  deducted  from  the  measured  or  gauged  quantity  for  correction. 

3.  Sulphur  in  the  oil  must  not  exceed  three-fourths  of  1  per  cent,  by  weight. 

4.  FVee  water  and  sediment  in  the  oil  shown  by  gasoline  test  must  not  exceed  1 
per  cent,  by  volume.    The  gasoline  teat  shall  be  made  as  follows; 

5.  Samples  taken  at  random  should  be  thoroughly  shaken  and  mixed;  then  60 
cc.  of  sample  placed  in  a  lOD-om.  graduated  glaes  cylinder.  An  equal  quantity  of 
not  less  than  68*  gasoline  should  be  mixed  with  the  sample  in  the  graduated  glass; 
the  combined  mixture  of  oil  and  gasoline  should  then  be  thoroughly  shaken  and 
mixed  and  allowed  to  stand  not  less  than  6  hra.,  when  percentage  of  water  and 
sediment  will  be  taken  by  the  inspector. 

6.  The  oil  shall  not  flash  at  a  temperature  less  than  200°  F.,  the  test  to  be  made 
by  the  Abel  or  Peqsky-Martens  closed  cup  method. 

7.  The  oil  shall  have  a  gravity  Baum6  not  greater  than  30"  at  60°  F.,  deter- 
mined from  an  average  sample. 

8.  The  oil  shall  flow  freely  and  in  a  continuous  stream  throug  ha  J-in.  circular 
hole,  under  a  2-ft.  head  at  a  temperature  of  40°  F.  Oil  that  fails  to  flow  freely  and 
in  the  rec[uired  quantities  to  pump  suctions,  pass  through  pumps,  piping  and  burners 
at  a  temperature  of  40°  F.  may  be  rejected. 

9.  The  oil  shall  have  a  calorific  value  not  under' 144,000  B.t.u.  per  gallon,  to  be 
taken  from  an  average  sample  or  samples  of  the  product  as  delivered,  or  made  before 
delivery.  In  determining  this  value,  the  bomb  calorimeter  shall  be  used  to  determine 
the  B.t.u.  per  pound  tram  which  the  B.t.u.  per  gallon  shall  be  calculated  by  using 
8.331  lb.  of  distilled  water  per  gallon  at  60°  F.  and  the  specified  gravity  of  the  oil 
as  determined  by  the  Baum€  test  at  same  temperature. 

Mr.  Irving  recdmmends  s  flash  point  not  below  140°  F.,  the  Navy 
specifications  a  fiasb  point  not  below  200°  F.  Mr.  Irving  recommends 
that  the  oil  should  be  so  mobile  as  to  flow  readily,  at  ordinary  atmos- 
pheric temperatures  and  under  a  head  of  1  ft.  of  oil,  through  a  4-in. 
pipe  10  ft,  in  length.  The  Navy  calls  for  an  oil  that  shall  flow  freely 
and  in  a  continuous  stream  through  a  ^-in.  circular  hole,  under  a  2-ft.  - 
head,  at  a  temperature  of  40°  F. 

Mr.  Irving  recommends  that  the  oil  should  not  contain  more  than  2 
per  cent,  of  water  or  1  per  cent,  of  sulphur,  or  more  than  a  trace  of  sand, 
clay,  or  dirt.  The  Navy  allows  I  per  cent.,  by  volume,  of  free  watef  and 
sediment  and  allows  not  over  0.75  per  cent,  of  sulphur.  It  is  probable 
that  most  of  the  heavy  oils  now  sold  in  the  Southwest  would  have  no 
special  difficulty  in  meeting  any  of  these  suggestions  or  specifications, 
with  the  exception  of  the  mobile  and  viscosity  tests.     I  have  not  had 
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time  or  opportunity  for  inquiring  into  the  specifications  for  fuel  oil  as 
adopted  by  foreign  governments,   but  this  will  be  done  as  soon  as 

possible. 

Production 

During  the  last  six  years,  in  which  there  has  been  so  great  a  develop- 
ment of  the  fuel-oil  industry,  the  total  production  of  crude  petroleum  in 
the  United  States  was  1,179,823,421  barrels  of  42  gal.  Of  this  amount, 
the  Southwest  produced  as  follows: 

Bureli 

Louisiana-. 40,673,880 

OkUhoma 298,707,637 

Texas 63,225,422 

400,606,839 

Or  about  34  per  cent,  of  the  total. 

It  is  not  known  how  much  of  the  oil  produced  in  these  States  was 
sold,  for  fuel  purposes,  as  crude  oil,  or  how  much  was  first  sent  to  the 
refineri^  and  afterward  sold.  Such  statistics  as  have  been  collected  are 
incomplete  and,  therefore,  misleading.  Furthermore,  not  all  of  the  resi- 
dues from  the  stills  goes  into  the  fuel  market,  for  considerable  quantities 
are  used  for  roofing,  for  road  surfacing,  for  bitulithic  purposes,  etc. 


Imports 

The  value  of  the  imports  for  consumption  of  petroleum  during  the 
last  five  years  is  reported  by  the  U,  S.  Bureau  of  Foreign  and  Domestic 
Commerce  as  follows: 

1908 $907,668 

1909 197,023 

1910 1,398,861 

1911 2,410,884 

1912 6,082,881 


$10,697,307 


The  imports  of  Mexican  crude  and  residuum  have  been  as  follows 
{Fuel  Oil  Journal,  vol.  v,  No.  2,  pp.  7,  8,  Feb.,  1914) : 

In  1912  the  imports  were  6,500,000  barrels,  and  in  1913,  with  the  ex- 
ception of  December  returns  from  Port  Tampa  and  Jacksonville,  Florida, 
were  16,360,779  barrels.    By  ports  the  figures  are: 
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Barrels  Value 

GalvMton 3,130,497  $l,702,54fl 

Sabine 2,490,613  1,328,529 

New  Orleans 2,318,297  1,385.898 

New  York 2,155.091  2,028,335 

Port  Arthur 1,501,524  866,736 

Corpua  Chriati  and  Port  Aianau 1,317.019  398,452 

Tampa 972,660  605,196 

Baltimore 914,489  567,628 

Philadelphia 634,726  341,596 

JaokaonviUe 296,570  173  720 

Providwioe 114,000  66,378 

Miaaing  retuma  and  misoeUaDeous 616,394         

16,360,779        S9,434,013 
Exports — Territorial 
The  shipments  of  crude  petroleum  to  Alaska,  the  Hawaiian  Islands, 
and  Porto  Rico,  during  the  years  named,  were  as  follows,  in  barrels  of 
42  gal.: 

Alaska  . ,     ,  Forto  Rioo 
Islands 

1906 64,000              

1907 216,770  926,881  

1908 283,128  1,136,900  6,937 

1909., 334,283  1,034  797  1,211 

1910 448,467  1,288,502  2,080 

19II 431,959  1,114,084  12,299 

1912 79,144  917,238  602 

Total 1,867,761      6,418,102      22,128 

Exports 
The  Alports  of  crude  oil  during  the  last  four  fiscal  years,  ending  June 
30,  were  as  follows,  in  barrels  of  42  gal.: 

1909  1910            1911            1912 

To  Europe 1,619,037  642,233       797,102    1,226,228 

To  North  America 1,989,612  2,755,732    2,949,956    3,183,372 

To  South  America 242,448  722,706       661,764       543,794 

To  Japan 192,915     

Total 4,044,012    4,020,671    4,408,822    4,953,394 

During  these  same  years,  the  exports  of  residuum,  in  barrels  of  42 
gal.,  were  as  follows: 

1909  1910  1911  1912 

Europe 92,070,389    112,792,382    102,430,883     111,321.764 

North  America 10,962,529      10,742,492      16,708,381      30,443,892 

AH  others 156,115  620,924        5,258,924      26,673,822 

Total 103,188,033    124,055,778    123,408,188    168,339,478 
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The  exports  of  crude  oil  during  these  years  remaiDed  fairly  steady, 
but  there  was  a  considerable  increase  in  the  exportation  of  residuum, 
amounting  to  about  63  per  cent,  as  between  1909  and  1912. 

Prices 

The  prices  of  fuel  oil  in  the  Southwest  as  given  by  the  Fttel  Oil  Journal, 
Houston,  are  as  follows,  at  different  points: 

During  the  last  three  months  of  1911,  prices  at  Texas  points  varied 
from  70c.  to  75c.  a  barrel,  and  at  Louisiana  points,  from  63c.  to  80c.,  the 
latter  price  maintaining  for  Mississippi  river  points. 

During  1912,  prices  at  Texas  points  were  quoted  at  70c.  in  January 
and  95c.  to  $1  in  December.  At  Louisiana  points  prices  varied  from  63c. ' 
in  January  to  SI  in  December.  In  Oklahoma  (Tulsa),  they  varied  from 
60c.  in  January  to  $1.16  in  December. 

In  1913,  Texas  prices  opened  at  tl.lO  to  $1.26,  and  advanced  during 
the  year  to  $1.18  and  $1.30.  At  Louisiaua  points  the  prices  varied  from 
$1  to  $1.25,  and  in  Oklahoma  (Tulsa)  quotations  in  January  were  from 
$1  to  $1.25,  declining  to  75c.  to  85c.  in  December.  During  1913,  the 
prices  of  Mexican  crude  at  Texas  ports  ranged  from  $1.05  to  $1.20. 

During  the  last  two  years  there  has  been  a  stiffening  of  prices — viz., 
from  70c.  to  $1.30  a  barrel. 

In  the  year  1900,  just  preceding  the  discovery  of  the  Beaumont 
oil  field,  the  average  value  of  crude  petroleum  in  Texas  was  $1 .04  a  barrel. 
In  1901  it  was  29c.,  and  in  1902  it  was  22c.,  the  lowest  average  price  ever 
reached  in  the  State. 

The  change  in  the  conditions  surroimding  the  industry  is  well  shown 
m  the  fact  ihat  the  28,136,189  barrels  of  crude  oU  produced  in  Texas 
in  1905  were  worth  $7,552,262,  or  27c.  per  barrel,  while  the  11,735,057 
barrels  produced  in  1912  were  worth  $8,852,713,  or  75c.  a  barrel.  Re- 
siduum oil  is  now  selling  30  per  cent,  higher  than  crude  oil  in  1900, 
and  about  170  per  cent,  higher  than  crude  oil  in  1902. 

In  1907,  the  production  of  crude  oil  in  Oklahoma  was  43,524,128 
barrels,  valued  at  $17,513,524,  or  40c.  a  barret.  In  1912,  the  production 
was  51,427,071  barrels,  valued  at  $34,672,604,  or  67c.  a  barrel. 

In  1905,  the  production  of  crude  oil  in  Louisiana  was  8,910,416 
barrels,  'valued  at  $1,601,325,  or  18c.  a  barrel.  In  1912,  the  production 
was  9,263,439  barrels,  valued  at  $7,023,827,  or  75c.  a  barrel. 

The  production  of  what  is  known  as  the  Gulf  oil  field  (coastal  Louisi- 
ana and  coastal  Texas)  reached  its  maximum  in  1905,  with  36,526,323 
barrels.     In  1912,  the  production  was  8,545,018  barrels. 

These  figures  would  seem  to  indicate  that  these  oils  are  now  being 
distilled  for  the  recovery  of  the  lighter  oils  and  the  increase  in  the  number 
of  refineries  substantiates  this  view. 
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It  is  not  poasible,  at  this  time,  to  state  juat  what  proportioa  of  fuel 
oil  ifl  crude  oil,  but  it  is  certainly  much  less  than  it  was  a  few  years  ago, 
and  is  likely  to  decrease  in  the  future,  insofar  as  concerns  the  Southwest. 

With  the  exception  of  the  crude  oil  imported  from  Mexico,  a  large 
proportion  of  the  fuel  oil  used  in  the  Southwest  is  residuum  from  the 
refineries.  Just  bow  much  is  used,  we  do  not  know,  for  the  statistics  to 
hand  cover  only  the  use  by  railroads,  and  even  these  are  incomplete 
for  the  area  involved. 

Dr.  David  T.  Day,  in  Mineral  Resources  of  the  United  States,  U.  S. 
Geol(^icd  Survey,  1912,  gives  a  table  to  show  the  consumption  of  fuel 
oil  by  the  r^h-oads  of  the  United  States,  from  1906  to  1912,  inclusive. 
This  table  is  as  follows: 

Consumption  of  Fuel  Oil  by  the  Railroads  of  the  United  Slates,  1906-1912. 
Length  of  lines     Quantity  of  oil  Total  mileage        Average  no. 


Year 

operated  with 

conaumed- 

made    by 

of  miles  per 

oa.  MUes 

Barrels 

engmefl 

barrel  of  oil 

1907 

13.573 

18,849,803 

74,079,726 

3.93 

1908 

15,474 

16,870,882 

64,279,509 

3.81 

1909 

17,676 

19,905,335 

72,918,118 

3.66 

1910 

22,709 

23,817,346 

89,107,883 

3.74 

1911 

30,039 

29,748,845 

109,680,976 

3.60 

1912 

28,451 

33,605,598 

121,393,228 

8.61 

Total  and 

average.. 

.    127,922 

158,375,488 

531,459,440 

3.74 

Dr.  Day  gives  a  list  of  48  railroads  (and  systems)  that  used  fuel 
oil  in  1912,  and  of  these  23  are  in  the  Southwest. 

According  to  the  Fuel  Oil  Journal  (vol.  v,  No.  2,  pp.  66  to  68,  Feb., 
1914)  the  consumption  of  fuel  oil  by  the  railroads  in  Texas  and  Louisiana 
in  1913  was  11,148,254  barrels,  as  foHowa: 

Southern  Pacific 4,455,749 

Gulf,  Colorado  A  Santa  ¥6 2,342,703 

Kansas  City  Southern 922,191 

San  Antonio  &  Aransas  Pass 703,145 

Frisco  Lines 513,912 

Trinity  A  Braioa  Valley 409,459 

Houston  Belt  A  Terminal 104,240 

All  others 1,696,155 

11,148,254 

In  1913,  the  Southern  Pacific  imported  1,784,143  barrels  of  Mexican 
crude  for  its  own  use  as  fuel. 
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Dr.  Day  states  that  the  estimated  consumption  of  fuel  oil  by  te^- 
roads  and  for  other  industrial  purposes,  in  California,  in  1912,  was 
65,000,000  barrels.  He  also  states  that  during  the  year  1912,  the  U.  S. 
Navy  ased  21,000,000  gal.  of  fuel  oil  and  that  the  consumption  for  1913 
will  probably  be  30,000,000  gal. 

The  President  of  the  Unittid  States  has  set  aside  about  100  square 
miles  of  oil-producing  land  in  the  Elk  Hills  and  Buena  Vista  fields, 
California,  as  a  naval  petroleum  reserve.  This  reserve  has  an  estimated 
capacity  of  250,000,000  barrels. 

For  the  tJ.  S.  Navy,  tank  storage  is  provided  as  follows: 

Bairela 

Boston 36,000 

MelviUe,  R.  1 36,000 

Norfolk 36,000 

Charleston 36,000 

Key  West 36,000 

Guantanamo,  Cuba 223,000 

Pearl  Harbor,  H.  1 200,000 

603,000 

It  is  also  stated  that  storage  tanks  are  to  be  established  at  New 
York,  San  Francisco,  San  Diego,  Puget  Sound,  Guam,  and  Cavite.  At 
the  Philadelphia  Navy  Yard  there  is  maintained  a  well-eqmpped  fuel- 
oil  testing  plant,  where  evaporative  tests  with  various  burnws  and  boilers 
are  conducted  and  instruction  is  given  to  the  ofiicers  and  men. 

BmUOOBAPBT  OF   FOBL  OlL 

(Prepared    from    the    Bibliography   of    Petroleum,  in   Sr    Boverton    Redwood's 

TreaiUe  on  Petroleum,  1913,  with  many  additions) 

Articles  and  Papers 

B011.XBS 

Action  of  Oil  on 

Denton,  James  E. — A  Test  on  Beaumont,  Texas,  Oil.     Pub.  in  BuU.  No.  3,  Unin. 

Tex.  Min.  Surf.,  May,  1902. 
Ieniscb,  H.  Kh.— Action  of  Fuel  Oil  on  Boilers.     Zap.  Imp.  Rttsik.  Tekhn.,  g.  Mi, 
otd.  1,  pp.  40-64.     1878. 

Effidtncyof 
Clabke,  F.  T.— High  Boiler  Efficiency  with  OU  Fuel.    Pouw,  vol.  xxxiii,  1911,  pp. 

720-723. 
Menzin,  a.  L.— Perfonnanoe  of  a  46^.p.  Bdler  with  Oil  Fuel.    Eng.  Neva,  May  29, 

1913,  p.  1125. 
BosoK,  T.  A. — Turbine  Staticm  of  the  Bbbee  Inu>rovement  Company,  Ariiona. 

CReaulU  of  oil-burning  plant.)     EUcIt.  Wld.,  vol.  Ivl,  pp.  661-664.     1910. 
SCHPAKOTBKi, — Comparative  Value  fi^  Steam  Boilers  of  Coal,  Turpentine  and 
""    Petroleum.    Mortk.  S6rn.,  1866,  pp.  173-180. 
Stsokm,  R.  T.— Oil  Fuel  foo  Steun  Bgiler.    Mech.  Wld.,  Nov.  21,  1S13. 
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Aston,  R.  Oodfbit. — Oil-burning  LooomotivM  oa  tho  Tehuantepeo  National  H&il 

road  of  Mexico.     Intl.  liech.  E-ngra.,  Deo.  15,  IQll.     Iron  and  Coai  Tt.  Rev. 

Deo.  22,  1911.     Canadian.  Bnirr.,  May  18,  1912. 
Boo&TCHEv,  V.  I- — CtHuparison  of  Petroleum  and  Wood  aa  Railvav  Fuel.    Zap. 

K<ak.  Old.  Buuk.  Tekhn.  Obtch.,  t.  iu.  p.  251,     1871. 
Bttffituer,  London. — ^The  "Closed  Cirouit    Gnida  Oil  Looomotive.    Jan.  12,  1912. 
Fin,  J. — Dm  BohOl  alg  Heiunatarial  fllr  Looomotiven.    Naplha,  bd.  xv,  pp.  486- 

488.     1907. 
FsiESBa,  W. — Rohee  Fetroleuni  als  Brennmaterial  COr  Locomotiven.    Prdyt.  J'l,  bd. 

ocxxv,  p.  131.     1877. 
.— ErdOlfeuerung    ttir  Locomotiven.    Potj/t.  J'l,  bd.    oclxxxvii,  pp.  30-31. 

1893. 
Gbbatkn,  L.^Patroleuin  Fuel  in  Looomativea  on  the  Tehuajitepeo  National  Rail- 
road of  Mexico.    Pr/K.  Intl.  Mteh.  Eng.,  1906,  pp.  265-312. 
HoLJiKN,  Jaubs. — Notee  on  the  Application  of  Liquid  Fuel  to  the  Enginee  of  the 

Great  Eaatern  Ry.    Irul.  Cw.  Bngr:,  No.  3937. 
Hollow  AT,  B.  C— Tlie  Use  <rf  Oil  Fuel  on  Railwaya.    Petnd.  Wli.,  Much,  1913,  p. 

103. 
McFablahd,  H.  B. — OitbuniinE  on  Freight  Locomotivee.    Cattier'a   Mag.,  vol. 

xxxviii,  pp.  610-617.     1910. 
McIntosb,  J.  F.— LocomotiTcs  for  the  Caledonian  Railway  Fitt«d  for  Burning  Oil. 

EnffineerinQ,  April  12,  1912.    fiolden  Liquid  Fuel  Injectors. 
Medxaniad  Engineer. — 1,000    B.H.P.    Crude    Oil   Locomotive.     (Dunlop   adiabatic 

dosed  cirouit  air  transmiaeion.)    Jan.  19, 1912. 
MiniM  and  Engineering  World. — Railroads   operated  by   Crude  Oil.     May  31, 

1913,  p.  1034. 
BaUtBoy  and  Snotneerinfi  Benieie. — Oil-burning  Switching  Looomotivea  for  the  Balto. 

AOhioR.  R.  Deo.  28,1912. 
_  iUtoay  Matter  M«cAantc.— Oil-bur; 
Rtam,  J.  F.— Oil  Fuel.    Discussion.    Proe.  S.  and  S.  W.  By.  Club,  Sept.,  1912. 


Bailtoay  Matter  M«cAantc.— -Oil-burning  Locomotives.    June,  1912. 

Rtam,  J.  F.— Oil  Fuel.    Discussion.    Proe.  S.  and  S.  W.  By.  Club,  Sept.,  1912. 

BjanTK-CLAint  Deville,  H, — Emploi  de  I'huile  de  p^trole  pour  Is  ohauSage  dee 

toDomotivea.    Ann.  Sci.  Ind.,  t.  xiv,  pp.  89-92.     1S70. 
AND  DiBUDONNJ,  C, — De  I'emploi  induatriel  dee  huiles  min^alea  pour  le 

cbauSage  des  maehinee  et  en  particular  dee  maohinee  locomotivee.    Compt.  Rend., 

t.  kdi,  pp.  933-938.     1869. 
Shbkdt,  p. — The  Use  at  Fuel  Oil  on  the  Southern  Pacific  Railroad.    Amer.  Bna. 

R.  ft.  J'l,  vol.  botv,  pp.  207-209.     1902. 
Stkwabt,  J.  L.^-On  the  Use  of  Petroleum  as  Fuel  in  Steamships  and  Locomotivee, 

Baaed  on  Its  Emplcn^ment  in  that  Way  on  the  Caspian  Sea  and  in  the  lYans- 

Caniian  Region.     J'l  Roy.   United  Serv.  Inal.,  vol.  itxx,  pp.  927-949,  pi.  xxv. 

SnUiUAN,  H. — Looomotive  Practice  in  the  Uae  of  Fuel  Gila.     Tran*.  Am.  Soc.  Mech. 

Eng.,  vol.  xxxiii,  pp.  887-896.     1911. 
SoBSMAN,  L. — Ueber  Oelfeuerung  far  Locomotiven.    Ann.  Oeinerbe  fiauic.,  bd.  Ixvi, 

pp.  234-237;  bd.  Ltvi,  pp.  12-16.     1910. 
Urqitbabt,  T.— ASn  the  Compounding  of  Locomotives  Burning  Petroleum  Refuse  in 

Russia.    Ptoc.  Intl.  Mech.  Eng.,  1890,  pp.  47-111,  pla.  1-31. 
—.—Ueber  die  Benutiung  der  Petroleum-Ruck  at&nde  aU  Brennmaterial  fflr 

Looomotive-Feuenmg.    Organ  EUenbaknw.,  n,f.,  bd.  xxii,  pp.  78-79,  113-118; 

bd.  xxiii,  pp.  176-177.     1885,  1886. 

. — PetrolBum  Firing;  versus  Anthracite  on  Gryad-Tsaritsin  Railway,  1885. 

. — Oa  the  Use  of  Petroleum  Refuse  as  Fuel  in  Locomotive  Engmee.    Proe. 

Inet.  MacK.  Eng.,  1884,  pp.  272-330;  1889,  pp.  30-84. 
. — .^paratus  tor  Burning  Crude  Petroleum  in  Locomotives.    EngiTieering, 
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Vktth,  a. — Mineral  Oil  Residue  Fuel  for  Locomotives.     Vatut.  Hajoi.  Hetilap., 

edc.  iii,  Nos.  26-27.     1901. 
Watxbs,  a.  L. — Consumption  of  Fuel  Oil  by  Railroads.    Min.  and  Eng.  Wld.,  Oct. 
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BrnRK. — Petroleum  as  &  Fuel  at  Sea.     Iron  Age,  1S78,  No.  24,p.  2. 

Bbbouit,  C— Die  Verwendung  flilssiger  HeizstoSe  fUr  Schinskesoel.     Zeiitchr.  Yer. 

deiitsch.  /no.,  bd.  xxxi.  1887. 
Carmichaxl,  W.  v. — Liquid  PrxtA  in  Ocean  Steamers.    Fapa«  Shipmaater'a  Soc., 

No.  9,  1891. 
CaABRiB.— Substitution  du  PStrole  sa  Charbon  pour  la  PropulBion  des  Navires. 

JoTtm.  Petrol.,  t.  x,  p.  227.     1910. 
Church,  A.  T. — Notes  on  Fuel  Oil  and  Its  Combustion.    J'l  Am.  Soc  Nasal  Eng,, 

vol.  sxiij,  1911,  pp.  795-831. 
Clark,  N,  B, — Petroleum  as  a  Source  of  Emergency  Power  for  Warships.    Proc. 

U.  S.  Nov.  Imt.,  vol.  ix,  pp.  798-802.     1883. 
DouojiRov,  A.~Liqiiid  Fuel  for  Ships.    Mortk.  Sbom.,  No.  1,  pp.  127-155.    18S4. 
Dtson,  C.  W. — Oil  Fuel  for  DestroyerB  and  Battleshipa.     (Abst.  paper  before  Sec. 

Nav.  Archit.  and  Mar.  EnRTs.)    Power,  Feb.  4,  1913. 
Edwahdb,  J.  R. ^-Liquid  Fuel  for  Naval  Purpoaea.    J'l  Am.  Soc.  Navai  Eng.,  vol. 

vii,  pp.  744-764.     1895. 
Engineer,  Loitdon. — The  Shallow  Draught  Steamer  Comte  de  Flandre  (Congo  river). 

Dec.  27,  1912. 

.--Oil  Fuel  in  the  Royal  Navy.    July  25,  1913. 

Engineering. — The  Wallsend-Howden  System  of  Oil-Burning  in   Marine   Boilen. 

July  25,  1613. 
Fl&mioirt,  J.  F. — On  Liquid  Fuels  foi  Ships.     Trant.  Intt.  Naval  Archi.,  vol.  xliv, 

pp.  53-75,  pis.  iii,  iv.     1902. 
FuuANTi,  GiuLio.— Boilers  Fired  with  Liquid  Fuel.     (Trans,  of  paper  read  at  Rome, 

Italy,  Nov.  12,  1912,  tests  made  for  the  Italian  Navy.)     Enginetrinii,  Feb.  2, 

1912. 
GooDBNonoHj  W.   J.— Memorandum  Hoarding  Fuel  Oil  aboard  Ships.     Marint 

Engineering,  vol.  viii,  pp.  4r-6.     1903. 
Hbnwood^.  N.— liquid  Fuel.    Marine  Eng.,  vol.  viii,  pp.  24-25,     1886, 
Hoppfl,  J.  H. — Marine  Uee  of  Fuel  Oil.    J'l  Am.  Soe.  Meeh.  Eng.,  vol.  Joxiii,    pp. 

896-903.     1911. 
HuiiE,  G. — Oil  Fuel  on  Shipboard.     Trani.  Inai.  Marir>e  Eng.,  vol.  nx,  No.  137,  p. 

46,  pi.     1907. 
Ienibch,  H.  Kh. — Oil  Fuel  fw  Steamers  on  the  Caspian  Saa.    Mortk.  Shorn.,  187li, 

No.  8,  pp.  1-29. 
Kambnbki  .^Petroleum  Residues  as  Fual  for  Steamship  Boilers.    Zap.  Imp.  Rvstk. 

Tekhn.  Obsch.,  g.  iv  otd.  2,  pp.  452-166,  pi.     1870. 
Knab,  Ch. — Notice  sur  I'emploi  des  combustioles  de  I'huile  min^ale  pour  le  chauffage 

do8  navires  k  vapeur.    Ann.  Gin.  Citril,  t.  vu,  pp.  305-321.     1868. 
Laixo,  a. — Oil-burning  on  Board  Ship.     Coiner's  Mag.,  vol.  xxxv,   pp.   141-1<50. 
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LovEstN,  L.  D.— Notes  on  the  Burning  of  Liquid  Fuel.     J'l  Am.  Soc.  Naval  Engn., 

vol.  xxiii,  pp.  221-247.     1911. 
Maqnin,  J. — Le  pftrole  dans  la  Marine.     J'l  Petrol.,  t.  viii,  pp.  226-228,  247.     1907. 
Mining  and  Engineering  World. — Oil  for  Water  Navigation.     Nov.  8,  1913. 
MoBPVROo,  G. — Ueber  die  Anwendung  des  flUssigen  Brenostoffes  "Liquid  Fuel" 

als  Brennmat«rial  fOr  die  Sohiffe.    Oeslerr.  Chem.  Zlg.,  n.f.,  bd.  v,  pp.  553-555. 

1902, 
Obde,  E.  L.— Liquid  Fuel  for  Steamships.    Proc.  Inat.  Mech.  Eng.,  1902,  pp.  417- 

435,  pla.  42-46. 
Parker,  W.— MDn  the  Progress  and  Development  of  Marine  E^ineering.     Tram. 

Imt.  Navai  Archt.,  vol.  xxviii,  pp.  125-146.     1887. 
Pbabodt,  E.  H.— OU  Fuel.    J'l  Am.  Soc.  Naval  Eng.,  vol.  xidii,  pp.  489-499.     1911. 
Peft-oleum   WW.— British  Battleship  "Queen  Ehzabeth,"  shaft  h.p,  50,000;  displace- 
ment 27,500  tons.     First  of  its  class.    London,  Nov.,  1913. 
Praetoriub,  Dr. — Beitrag    lur  Geechicht«  der  Bntnidcelung    der  Feuo'ung  mit 

flOssigen  Brennstoffen  auf  Schifien.    Serial.    Schiffbau  March  12,  1913. 
Ravsnbworth,    Earl. — Presidential     Address.     Traits.    Inst.    Naved    Archt.,    vol. 

xxvii,  pp.  27-36.     1886. 
RiQO,  E.  a. — Notes  on  Fuel  Economy  as  InBueuced  by  Ship  Design.    Soe.  Nae. 

ArehU.  and  Mar.  Engn.,  Nov.  21,  1912. 
Saucbl,  M. — President's  Address.     Trana.  Imt.  Marine  Eng.,  vol.  ivii,  pp.  235-24S. 

1906. 
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for  Steamships.     J'l  Roy.  United  Serv.  ItuL,  vol.  xii,  pp.  28-^3,  pi.  II.      1868. 

. — On  Liquid  Fuel.     Tram.  Insl.  Naval  Archt.,  vol.  ix,  pp.  88-103.     1868. 
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.^-On  Liquid  or  Concentrated  Fuel.     Tran*.  Inst.  Naval  Areht.,  vol.  w 

160-174.     1870, 

—Liquid  Fuel  for  Mariae  Purpoaea,     J'l  Roy.  United  Serv.  Inst.,  vol,  icxix,  pp. 


Stewart,  J.  L. — On  the  Use  of  Petroleum  as  Fuel  in  Steamahips  and  Locomofives, 

Based  on  its  Employment  in  that  Way  on  the  Caspian  Sea  and  in  the  iSiuis- 
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Destroyers  on  Trials,  with  some  Observations  on  Oil-burning.    J'l  Am.  Soc. 
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Ulyanov,  N.—On  the  Permission  of  Tugs  using  Oil  Residue  Fuel  in  Fishing  Ports. 
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WiidON,  H.  C. — Liquia  Fuel  and  Methods  of  Burning  It.     Traits.  Inst.  Marine  Eng. 

vol.  vUi,  No.  60,  p.  48.     1896, 
ZuLVER,  C— -Oil  Fuel  for  Marine  Engines  and  Boilers,     Mar.  Eng.  and  Nov.  Areht. 

March,  1913. 

Prevenlitm  of  Scale  in 


Purifying 

Milth.    Praxis    DampfheiaelrDampf- 

Stationary 

Anoouin,  P, — Application  dea  hydrocarbures  iiquides  (p^trole,  goudron,  huile  lourde) 
a  I'obteution  des  hautes  temperatures  et  au  chauffage  des  machines  k  v&peur. 
Ann.  Chem.  Phyt.,  ser.  4,  t.  xv,  pp.  30-40,  pi.  ii,  1868, 
Bbssok,  a.  G,— On  Petroleum  Fuel  for  Boilers.    Gom,  Jum,,  1886,  t.  iv,  pp.  364- 

372;  1887,  t.  i,  pp,  33-46. 
Calawbll,  J. — Electric  Power  Station,  Winding  Geu,  and  Pumping  Plant  of  the 
Tarbrax  Oil  Co.,  Ltd,     Trans.  Inst.  Min.  Engn.,  vol,  xxxi,  pp.  221-230;  vol. 
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CoLUNS,  B.  R.  T.— Oil  Fuel  for  Steam   Boilers.    J'l  Am.  Soc.  Meeh.  Eng.,  vol. 

xxsui,  1911,  pp.  929-965. 
Kebmodb.— Liquid    Fuel    Apparatus    for    Water-tube    Boilers.     Engineering,    vol. 

bccrii^  pp,  aiO-fil2.     1910. 
Lyws  L.  F. — The  Use  of  Crude  Petroleum  in  Steam  Boilers.     Trans.  Am.  Soc.  Meeh. 

Eng.,  vol.  x,  pp,  761-764.     1889. 
Mrnun,  A.  L,— Performance  of  a  450  h,p.  Boiler  with  Fuel  Oil.     (Mare  Island  Navy 

'  Yard.)     Bnfl,  News,  May  29,  1913, 
PaujJFs,  Wm.  B. — Fuel  Oil   used  under    Stamp  Mill  Boilers,  Shafter,    Presidio 
County,  Texas.     Hauled  in  tank  wagons  48  miles,     E.  and  M.  J'l,  vol,  xc.  No,  27, 
Dec,  31,  1901, 
Popov,  N. — Oil  Heating  in  Forges,  Boilers,  etc.,  in  Moscow.    Qom.  Jvm.,  1895, 

t.  iii,  pp.  1-30,  pis.  IV.    See  also  under  Forges. 
YabileViA.  K.^Petroieum-firing  for  Boilers,    Gam.  J^m^  1885,  t.  i,  pp.  339-378, 
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WiNKBL,  H.— Naphtha  &ls  Brennmaterial  ftlr  Dampfkeeaelheizung.    Pdyt.  Joum., 

,   Oetterr.   Chem. 
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YAi-ovzTaKi,  B.     W&ter,  Fuel  and  Steam  Boilers,  etc,    Jurn.  Minitt.  Put.  Soob*di., 

1879,  t.  i,  pp.  341-352. 
Zanobblb,  M, — Ueber  die  Anirendung  des  Petroleums  sui  Dampfkessel-Peuerung. 

Kumt.  Geuierbe-Bl.,  bd.  liii,  pp.  721-727.     1867. 

Staekifor 
Dunn,  K.  G.— Size  of  Stacks  with  Fuel  Oil.    J'l  Am.  Soc.  Mech.  Eng.,  vol,  raiii, 

p.  886.     1911, 
WamotiTH,  C  R.— Dimensions  of  Boiler  Chimneys  for  Crude  Oil  at  Sea-level,  etc. 
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"Liqhifdbl"  Enoineesing  &  CoNeTRCCTioN  Co.,  Pittsburg,  Pa. 
MEiDiNQER.^-Oil-bumers,  Round  and  Flat.     Bid.  Qewerheieii,  1876. 
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and  Mar.  En^s,)     Eng.  News,  May  15,  1913,  p.  ICXM, 
Shelbt,  C.  F.— Oil  Burners  for  Reverberatory  fumacesi     E.  and  M.  J'l,  vol.  LraiJi, 

pp.  31-32.     1910.    See  also  under  Furnaces. 
SiBUASCHKO,  I. — A  Type  of  Burner  for  Solar  Oil.    Za'p.  Imp.  Rwsk.  Tekhn.  Ob»ch., 

%.  xxviii.  Sept.  Trudi.  pp.  24-32,  pi,  1894. 
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Tatb-Jonbb  &  Co.,  Pittsburg. ^Appliances  for  Burning  Fuel  Oil.     Pamphlet. 
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Trkumann,  J. — Burners  for  highly  Carboniaed  Oils.    Prolok.  8l.  Peiersb.  Polyt.  Ver. 
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Vabilet,   a.   K. — Apparatus  for   Burning   Petroleuni.     Zap.   Imp.   Bussk.   Ttckhn. 

Obsch.,  Aug.-Sept.,  pp.  66,  13  pis.     1880. 
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Wbtiiodth,  C.  R. — Furnace  Arrangements  for  Fuel  Oil,     TTana.  Am.  Soc.  Mech. 

Eng.,  vol,  mdu,  pp,  879-882.     1911. 
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Albrecbt,  a. — Ueber  die  Qualit&t  des  amerikaniscben  Petroleum;  Kalifwuisches 

und  gaUiaiaches  Petroleum,     Industr.  BlaU.,  bd,  Kvi   p,  170.     1879. 
Alksikbv,  V. — Russian  Petroleum.     See  under  Heating  Power. 
Allen,  I.  C,  and  jACOBa,  W.  A,  — Physical  and  Chemical  Properties  of  the  Petroleums 
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'■    "   "  S.,  No.  309,  pp.  203- —      '*■" 
iber  amerikanisches  <: 

-_.  ._,jp.  216-221,     1894. 
Beilstbih,  F.  F,,  and  Kcrbatow,  A. — Ueber  die  Natur  des  Kaukasischen  Petroleums. 

Ber.  deuUek  Ckem.  Qea.,  bd.  xiii,  pp.  1818-1821;  bd.  xiv,  pp.  1620-1622.     1880 

and  1881. 
. — Ueber    die    Kohlenwaaaerstoffe    dee    amerikantsohen    Petroleums,    Bet. 

deuUch.  Cham.  Oct.,  bd.  xiii,  pp.  2028-2029.     1880. 
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Bekthilot,  M.  F.  E. — Recherchea  sur  Iw  ^tato  du  carbone.    Arm.  CMm.  Pkyt., 

t.  riic,  pp.  392-427.    1870. 
BcBL,  J.— 'UatersuctiunKen  Amerikaniacher  und  Russicher  PetroleumBorten.    Polyl. 

Joum.,  bd.  cexxxiii,  pp.  354r-363,  1882.    8m  also  Pharm.  ZeiUOtr.  fiiwsl.,  bd. 

rvii,  pp.  129-139;  bd.  xviii,  pp^  162-169,  194-202.     1878,  1879. 
Blahchet,    R.,   ai)d   Sejj.,    E.     Die   ZuB&mmensetiung   einiger    organigcher    Sub- 

Btanzen.    Ann.  Chem.  Pharm.,  bd.  vi,  pp.  259-313.     1833. 
BLisa,  J.  C. — Geachichte,  Industrja  and  ChemiHche  Zuaammensetiung  der    araeri- 

kaoischer  Petroleuma.    Arch.  Pharm.,  bd.  racci,  pp.  50-67.     1870. 
Blodnt,  B. — The  Compoaition  <rf  Commercial  FetrolB.    Proc.  In»l.  Antomob.  Bng., 

n.a.,  vol.  iii,  pp.  301-324.     1909, 
BoLLBT,    P.    A.— Chemisoh-tecknischo    Untersuchungeo   Ober   das    Amerikanische 

Petroleum.     Schweiz.  Polyt,  ZeiiacAr.,  bd.  viii,  pp.  96-102.     1863. 
BouBOOTTONON,  A. — Petroleum  and  its  ExaminatioD.     J'l  Am.  Chem.  Soc.,  vol.  1, 

pp.  188-204.     1879. 
BarssiKOAui.T,  J.  B. — Sur  la  oompoBition  dee  Bubatancea  min^ralea  combustibleB. 

Ann.  Chim.  Phy».,B&T.  5,  T.  xiax,  pp.  363-392.     1883. 
BcTLEROw,  A.  I.,  and  Zinina, — .  — ■Problem  ot  the  Spontaneous  Ignition  of  PetroJeura. 

Monk.  SboTTi.,  1871,  No.  8,  pp.  21-23. 
LLuei.,   A.^Etude   dea   propriSt^a  phyaiq 

t.  ii,  pp.  242-245,  268,  261;  t.  x,  pp.  2-^  ^. 

CaLTBT,     .,     — DBHYIGMEX, GUILBEBT,     Guiauiun       n..    nuu      •.aaau.i,    1:1. —  uuiu- 
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PilroU,  Bern.  3,  t.  ii,  pp.  805-807.     1910. 
CoATBS,  C.  E. — The  Senes  C»H,.-t  in  Louisiana  Petroleum.    J'l  An.  Chem.  80c., 

vol.  rviu,  pp.  384-388.     1906. 
CoATEs,  C.  E.,  and  Best,  A. — The  Hydrocarbons  in  Louisiana  Petroleum.    J'l  Atr. 
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by  L.  Berger),  AprU  23,  1913. 
Mabebt,  C.  F.,  and  Buck,  D.  M.— On  the  Hydrocarbons  in  Heavy  Texas  Petroleums. 

J'l  Am.  Chem.  Soc.,  vol.  xxii,  1900,  pp.  553-556. 
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aiedenden  Mineralole.     Chem.  Ztg^  May  6,  1913,  p.  550. 
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PmiiiPB,  Wm.  B.— Texas  Petroleum.    BuU.  No.  1,  E7nii>.  Tex.  Min.  Surv.,  1901. 
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and  Teckn.,  Univ.  Tex.,  Dec,  1913. 
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Merch.  Asaoc.  of  N.  Y.,  1901. 
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Avlomob^  Engine! 

Anderson,  R.  W. — An  Examination  of  the  Characteriatio  Flow  of  Fuel  ttkrough  & 

Small  Orifice.    800.  Auto.  Ensrs.,  June,  1913. 
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Aviomotiiie. — French  Keroaene  Motor  for  Aubimobile.     March  20,  1913. 

. — Motor  Spirit  to  Solve  Fuel  Problem  for  the  Passenger  Car.    Feb.  27,  1913. 

Bacbchucheb,  Actoctst. — Brennstoffe  fUr  Bxploaionsraotoren,  ihr  Vorkommen  und 
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BQcHNER,  Kahl. — Betrachtungen  sur  Beozolfrage  mit  besonderer  BerQckuchtungeD 

der  SpritBvergaser.     Zeit.  dea  Mitt.  Motor  Ver.,  April  30j  1913. 
Clouqh,  Albert   L. — The  Use  of    Gasoline-Kerosene  Mixturea.    Hartdeaa    Age, 
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Cbitchlet,  J.  S. — The  Fuel  Question.     Pres't  Address  Inst.  Auto.  Engrs.     HoretUn 

Ate,  Oct.  22,  1913. 
DtBTBRicH-HELTENBEBG,  K. — Benzin  und  Bentol.    ZeU.  d.  Mill.  Motonoagen  Ver., 
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Embrbon,  Haekinqton. — Kerosene  and  the  Important  Factors  in  its  Combustion. 
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'  ->    moteura  agricoles  ou  induatriels.    Oinie  Civil,  June  14,  1913. 
Jabnickbn,  Eknst. — Daa  Beniol  und  seine  Verwendung  fflr  den  Betrieb  von  Krait- 

fabrzeugen.     Auto  Rumdvta,  June  30^913. 
MoBRis,  E.  A. — Will  the  Automobile  be  Driven  by  Kerosene?    Set.  Ant.,  Jan.  11, 
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Oruandt,  W.  R. — The  Del  Monte  Frooess  (smokeleae  fuel).     Ai^ocar,  April  12,  1813. 

. — Motor  Fuels.    Avtocar,  March  1  and  22,  1913. 

Pops,  N.  B.— Low  Grade  Fuel  for  Motor  Trucks.    5.  A.  E.  BuU.,  Jan.,  1913. 

.—Gasoline  and  ita  Future.     5.  A.  E.  BvlL,  Feb.,  1913. 

.—Low  Grade  Fuel  for  Motor  Tnicka.    Aitiomobiis,  Jan.  23,  1913. 

POTTBB,  A.  E.— Liquid  Motor  Fuels.    5.  A.  E.  BuU.,  April,  1913. 
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Slaoson,   Harold  Whiting.— Solving  the  Fuel  Problem  for  the  Motor    Truck. 
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BolindeT 
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Allnbr,  W.— Useof  Tarin  Diesel  Engbes.    Journ.  Go*  LiffW,  vol.  cxv.p.  106,  1911. 
Booth,  W.  H. — What  Oil  wiU  do  in  the  Internal  Combustion  Engine  of  Diesel  Type 
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Briqht,  D.  M. — The  Application  of  Diesel  Engines  to  Land  and  Marine   Work 

Con.  Engr.,  Nov.  7,  1912. 
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DoRNia,    Mario. — L'importania  attuals  e  I'awenire  dei  motori  Diesel.     Mtmit. 

Tec.,  June  20,  1912. 
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EkktroUeknitehe    und    PiAytechnitehe    RuTulthau.     WeltauBa1«]lung   Gent.    Serial. 
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. — Four  Cylinder  Four-cycle  Diesel  Engines.     May  24,  1912. 
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bd.  Kvi,  pp.  131-132.     1908. 
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Heath,  Geo.  E. — The  Development  of  Diesel  Engines  for  Stationary  Purposes. 
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HoLUDAT,  P.  a. — A  New  Diesel  Engine  Formula.     Bngr.,  London,  April  5,  1912, 
Howell,  S.  M.— The  Diesel  Engine.     Ataeh.,  N.  Y.,  April,  1912. 
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KtrrasACH,  K. — Die  flflssige  Brennstofle  und  ihre  auanutsung  in  der  Verbrennungs- 
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Lane,  F.^-Solution  of  the  Question  of  Fuel  for  Diesel  Engines.    Fuel  Oil  J'l,  vol. 
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. — Heavy  Petroleum  Residues  Satisfactory  for  the  Diesel  Engine.    Ftid  Oil 

J'l,  vol.  ii,  No.  5,  pp.  49-50,  Nov.,  1912. 
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Works.     Mech.  Engr.,  Lond.,  Dec.  20,  1912. 
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Sadvagb,  E-~Le  Moteur  Diesel.    Rev.  Oin.  dea  Scimcw,  Oct.  30,  1912. 
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SoWTEB,  Wm.  J.  A.— The  Diesel  Engine  from  the  User's  Standpoint.      (Abst.  piper 
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Meriau,  J.  B. — The  Relative  Economy  of  Gas  Engines  and  Other  Sources  ot  Power. 
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Commission.     EnoiTteering  and  Cotair.,  Sept.  4,  1912. 
ToTtn.,  F.  M. — Test  of  an  86-h.  p.  Engine.     Trani.  Am.  Soe.  Much.  Eng.,  vol.  xxxiii, 
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Cbsio,  EnwiN. — Moton  teimioo  a  doppio  Stantuffo.     Rev.  Maritlima,  JuIv-Auk., 

1913. 
Conk,  H.  I. — Use  of  Fuels  in  the  United  States  Navy,  J'l  Am.  Soe.  ffav.  Engrt.,  Nov., 
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Crowlt,  R.  W. — Marine  Oil  Engine  Power,     Present  Acoomplishments.     Gaa  and 

Oil  Pottw,  vol.  vi,  pp.  247-250,  1911. 
DuHAND,  W.  F. — I^ogresa  in  Marine  Engineering  During  the  Past  Fifteen  Years. 

Marine  £nirtn«erinir>  March,  1912. 
Engineer,  London. — ^A  Thirty-day  Non-stop  Run  of  a  Marine  Oil  Engine.    Jan. 

26,  1912. 
. — An  Analysis  of  the  Claims  of  the  Marine  Internal  Combustion  Elngine. 
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.—The  Motorship  "Juno."     Serial,  Nov.  15,  1912. 

EngineeriTig. — The  Canadian  Pacific  Railway's  Oil-fuel  Burning  T-S.  S.  "Princess 

Alice. '^    Dec.  8,  1911. 

. — The  Ocean-going  Oil-engined  Ship  "Sembilan."     March  16,  1912. 

.—The  Cargo  Ship  "France."     Oct.  10,  1913. 

Engintering  Newe. — The  New  Hamburg-Amerioan  Oil  Engine  Ship  "Christian  X." 
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SeoOand.    Oct.  24,  1911. 
Harusbn,  Conrad. — Winke  fUr  den  Verkauf  von  Schiffsdlmascbinen.     Motomragen, 

July  20,  1912. 
Laas,  W.— Large  Motor  Vessels.    J'l  Am.  Soe.  Nov.  Engrt.,  Nov.,  1911. 
Lasin-Sioth,  C. — Oil  Engines  tor  Marine  and  I^nd  Purposes.     Meek.  Enor.,  Sept. 

12,  1912, 

. — I^nd  and  Marine  Oil  En^ee.    Prac.  Engr^,  Nov.  7,  1912. 

LtiCAS,  Thbodohb.— The  Possibilities  of  the  Marine  Oil  Engine.    Int.  Mar.  Engng., 
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McAllistbb,  C.  a. — Economy  in  the  Use  of  Oil  as  Fuel  for  Harbor  Vessels.     (Tug 

"Golden  Gate.")    PI.    Soe.  Nw.  AreU.  and  MaHne  Eng.,  Nov.,  1911. 
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Nov.  21,  1912. 
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Atkins,  A.  K. — Diesel  Engbes  for  Naval  Purposes.    Proe.  U.  S.  Naval  Imt.,  June, 
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Braxbl,  F.  MriJ.EBV&N. — Perfonnanoe  of  Notable  Sea-going  Diesel-eneined  Vessels 
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Drosne,  M. — La  Propulsion  des  Naviros  de  Combat.     (Diesel  mot«ur.}     1st  part. 

Tech.  Mod.,  Dec,  1911. 
DvM&NGis,  P. — Application  des  moteurs  Diesel  aux  Navires  de  guerre.     Tech.  Mod., 

April  15,  1913. 
Engijteer,  London. — A  French  Diesel  Engine.     May  2,  1913. 

.—The  Motor  Ship  "Christian  X?'     July  18,  1913. 

.—The  Motor  Ship  "Eavestone."    Oct.  25,  1912. 

.—The  Starting  ot  Diesel  Marine  Engines.     Jan.  10,  1912. 

. — Some  Impressions  of  Continental  Marine  Diesel  Engine  Practice.     Dec.  8, 

1911. 

. — A  New  Marine  Diesel  Engine.      (SOO-h.  p.,  two-cycle.)     April  19,  1912. 

, — German  Motor  Notes.     (Diesel  Marine  Motors.)     Oct.,  1912. 

.—The  "Monto  Penedo'a"  Engines.     (Sulser  two-oycle  Diesel.)    Sept.  6, 

1912. 
£n^neerin{i.^IOO-shaft-horsepower   Reversible   Diesel   Marine  Engine.     Feb.    16, 

1912. 

.—Oil-tank  Steamer  Driven  by  Diesel  Engines.     April  19,  1912. 

, — The  German  Motor-driven  Ship  "Monte  Penedo    (South  American  Service. 

Two  4-Cylinder  Reversible  Two-cycle  Diesel-Sulser  engines.}     Sept,  6.  1912. 
.—The  Twin-screw  Motor  Ship  "Selandia."     Engr.,  London,  March  8,  1912. 

See  also  Fuel  Oil  J'l,  vol.  ii.  No.  3,  p.  52,  Sept.,  1912. 

. — The  Oil-engined  Ship  "Fordonian."     Dec.  13,  1912. 

.—The  ItaUan  Tugboat  "Savoia."     Deo.  6,  1912. 
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Engineering.— 'ReBulia  of   First  Voyage  of  the  Oil'Sngmed  Ship   "Chriatiaa  X." 

Jan.  3,  1B13. 
Flanmeky,  J.  FoRTBSCCB. — -DieBel  Engines.     Marint  Rev.,  Feb.,  1912, 
Pvel  Oil  JouTTtal. — Motor  Yacht  "Idealia."     First  in  U.  8.  equipped  for  heavy  oil. 

Vol.  ii.  No,  3,  p.  62,  Sept.,  1912. 
GoDRiET,  M.— Le  ''Selandjft"  et  le  "  Jutlandia."     Ginie  Citnl,  Nov.  30,  1912. 
HoDGiNS,  G.  S. — Diesel  Endnes  for  Ooean  Ships.     Marine  Bei>.,  April,  1912. 
Int.  Marine  Engineering. —¥int  Long  Voyage  of  Motor-ship  "Envestone."    Feb., 

1913. 
Kaeumkreb,  W. — Die  Vendung  vom  Dieselmaohinen  zum  Antrieb  von  grOsBeren 

See-sahifFen.    Ills.  Serial,  1st  part.    Zeitsekr.  dee  Ver.  deniech.  Ing.,  Jan.  20,  1912. 
Knddsbn,  G. — Results  of  Tmls  of  the  Diesel -eogined  Sea-going  Vessel  "Selandia." 

/naf.  Natl.  Archt.  and  Enffng.,  April,  6,  1912. 
Knddsen,  I. — Performance  on  Service  of  the  Motor-ship  "Suecia."     Meek.  Engr., 

June  27,  1913. 
Marine   Engineering. — The    First    American    Built    Diesel    Engined    Oil   Barge. 

(300  hji.  engine  for  a  200-ft.  steel  motor  barge.)     March.  1912. 
.—The  Koreiwo  Clutch  for  the  Diesel  Marine  Engme  Inatallations.    Feb., 

1912. 
MariTte  Remev). — Motor-driven  Ship  "Fordonian."    Jub,  1913. 
Milton,  J.  T. — The  Diesel  Engine  lor  Marine  Power.    Oat  and  Oil  Povxr,  vol.  vi,  pp. 

159-162,  183-187.     1911. 
. — Diesel  Engines  for  Sea-going  Vessels.     Trana.  Intl.  Naval  Archl,,  vol. 

Uii,  pp.  53-Iffi,  pi.  i.     1911. 
Olson,  Olb  K. — The  Diesel  Engine  as  Motive  Power  in  the  Merchant  Marine,  with 

Spedal  Reference  to  the  tWt  Successful  Motor-ship,  "Christian  X."    Joum. 

Awfi.  of  Engng.,  19L2. 
Ohdx,  E.  L.— The  Diesel  Oil  Endne   Geared  Turbine,  and  Suction   Gas  Engine. 

Disc,  before  N.  E.  Coast  Inst,  ol  Engrs.  and  Shipbuilders.     Also  editorial.     Mech. 

Engr^  April  12,  1912. 
Power. — liTBtAmenoan-built  Marine  Diesel  Engines.     June  3,  1913. 
S^if/iau.— Dappelschrauben-Motorfrachtsohitf,    "Monte  Penedo,"  der  Hamburg- 

Sudamerikaaiachen  Dampf-schiffs  Gesellschaft.     Sept.  25,  1912. 
Shannon,  D.  M.^-Some  Aspects  of  Diesel  Engine  Design.     Mech.  Engr.,  May  3, 

1912.     Read  before  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.     1st  part. 
SiUitNca,  W.  P. — The  PoBsibilities  and  Limitations  of  the  Marine  Diesel  Engine. 

Caesi^s  Mag.,  Lond.,  March,  1913. 
SnPiNO,  G. — Bull  mversione  di  marcia  dei  motori  Diesel  marini.     Induttria,  Nov.  3, 

1912.    Serial. 
. — Sulle  stato  attuale  dell'  applicazione  dei  moton  Diesel  alia  marina.     Rimela 

MarriUina,  Nov.,  1912, 
Technique  Moderne,   Le.— -Lea  nouveaux  moteurs    Diesel    ntarins  et   en   particular 

les  essais  du  petroUer  "Juno."     April  1,  1913. 
VkbiiOOP,  J.  H.  H.' — De  Toepassing  van  Dieselmotoren  aan  boord  van  zeeschepfen. 

De  Ingenieur,  Oct.  7,  1911, 
WiLDT,  O.  H.^-L'Emploi  du  Moteur  Diesel  k  la  propulsion  des  Navires  de  haut«  mer. 

(1900  ton  tank-ship  "Vulcanus.")    Gin.  Civ.,  July  20,  1912. 
WiiaoN,  J,  Rkndbll. — ^Large  Russian  Vessels  Propelled  by  Diesel  Engines.     Inet. 

Mar.  Engjig.,  Jan.,  1912. 
. — Russian  Iligh-epeed  Marine  Diesel  Engines.     (Vertical  type,   180-h.p., 

weighs  33  lbs.  per  h.p.)     Int.  Mar.  Engng.,  July,  1912. 

. — The  Serai-Diesel  Heavy  Oil  Engine.    Marine  Rev.,  Oct.,  1912. 

.—Diesel  Engines  m  Whalers.     Mar.  Rev.,  May,  1912. 

. — Success  of  the  First  Large  Diesel-motor-driven  Motor.     Int.  Mar.  Engng. 

April,  1912. 
Zeiiechrifl  des  Ver.deuUck.Ing. — Die  Mascbinen  des  Diesel-echiffes  "Monte  Penedo." 

Sept.  21,  1912. 

CareU-Dieeel,  Marine 
E7tgineering.—The  Carels-Diesel  Marine  Engine.     Jan.  19,  1912. 
Marine  Engineering. — Motorship  "Eavestone"  fitted  with  Carels-Diesel  Engines. 

Oct.,  1912. 

Carelt'Tedclenberg-Diesel,  Marine 
Engineer,   London.— Motor-ship  "Rolandseck."     Nov.    22,    1912;  Deo.    13,  1912, 

and  Aug.  22,  1913. 


.coy  Google 


1052  FUEL  OIL  IN  THE   BOXH'HWEST 

Kabiimbber,  W. — Daa  Dieselaohiff  "Rolandseok."    Zeit.  d.  Ver.  deuttcher  Ina.,  Jan. 

4,  lfil3. 
WiLBON,  J.  Rendbll. — Single  Sorew  Motor-ebip  of  1500  h.p.,  the  "RolftodBedc" 

Ma*.  Engng.,  March,  1913. 

Semi-DieaA,  Marine 
Engineer,  London.— 20-h .p.  Marine  Oil  Engine.    June  20,  1913. 
Engineermg. — Semi-Diesel  Engine  on  the  Yacht  "Main."    Feb.  23, 1912. 
Marine  Rtview. — Motor-ahip    laleford."    Aug.,  1913. 

Djinn,  Marine 
Engineer,  London. — 2^.p.  Djinn  Petroleum  Marine  Engine.     March  7,  1913. 

Junkers,  Marine 


July,  1912. 

Mariotli,  Marine 
Mabiotti,  Enrico. — Heavy-oil  Marine  Engines.    Ind-ustria,  Jan.  S,  1912. 

"MonMoc,"  Marine 
Engineering. — 10-h.p.  "Monobloo"  Marine  Oil  Engine.    Aug  10,. 1912. 

Nurerrtberg,  Marine 
Engineering. — The  Nuremberg  Marine  Oil  Engine.     Feb.  9,  1912. 
OUo,  Marine 


Sidzer-Diesel,  Marine 
DiNTiN,  Ch. — Lea  Moteurs  Sul)«r-Diesel  a  Deux  Temps  du  Cargo  "Monte  Penedo." 

Ginie  CivU.  Oct.  26,  1912. 
Engineer,  London. — The  Motorsbip  "Monte  Penedo."     (Sulier  two-«ycle  IMeael 

engines.)    Aug.  30,  1912. 
—    ■  ■-■ — The  Motor-flhip  "Monte  Penedo."     Sept.  12,  1913. 
WiuoN,    J.    I^NnELL.— Sulzer'Dieael-engined    Slup   for    New    York-Rio   Service. 

(Twin-Bcrew,  6500  tons,  "Monte  Penedo,")     Engng.,  Oct.,  1912. 
Zeit.  d.  Oest.  Ing.  u.  Arch,   Ver. — Die  Sulier-MaBehinen  dea  Dieaelscbiffes  "Monte 

Penedo."    Oct.  4,  1912. 

Stiller,  Marine 


Werkepoor  Motor,  Marine 
Engineer,  Loudon. — The  Emanuel  Nobel.     March  28,  1913. 

WiUiameon,  Marine 
Engineer,  London. — An  Oscillating  Marine  Motor.     Feb.  21,  1913. 

Miicellaneoua 
Abland,  W.  E. — A  Petroleum  Motor.    J'l  Frank.  /»»(.,  vol.  Ixxxviii^.  87.     1874. 
Allen,  Ibvino  C— Heavy  Oil  as  Fuel  for  Internal  Combustion  Faiginea.      Techn. 
Paper  37,  Bur.  Mine*.  Washington.  1912.    J'l  Elee.,  Pel.  and  Otu,  July  26,  1913, 
Abnold,  6.  H. — Fuels  ana  Lubricants  for  Internal  Combustion  Engines.    Gen.  Elec 

Rev.,  Oct^l913. 
Austin,  E. — The  Internal  Combustion  Engine  and  Petroleum:  A  Critieisin  and  b 

Suggestion.    Petrol.  Rev.,  vol.  vii,  pp.  445,  473.     1902. 
AvU)car.~K  Paraffin  Gas  Producer.    April  20, 1912. 
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Bano,  Laulo. — OU  E^igmeB  in  n  BuDgarum    Mimicipftl   Power  Plant.    Power, 

April  16,  1912. 
BKAnMONT,  W.  W. — Oil  Engines  for  Agricultural  Purposes,     Joum.  B'd.  Agric,,  vol. 

X,  pp.  435-460.     1904. 
Berndt,  O. — Die  ErdOlmotoren  auf  der  intemationalen  AuBstellune  fUr  Bickerei, 

Konditorei  und  verwandle  Gewerbe  mi  Main*  im  August,  1893.     Zeitaehr.  Ver. 

deutseh.  Jng.,  bd.  xxxviii,  pp.  195-198,  215-219.     1894. 
BicKBBTON,  H.  N. — Gaa,  Oil  and  Petrol  Engines.    Oat  and  Oti  Eng.  Rte.,  vol.  ii,  pp. 

250-^261, 274r-275.     1906. 
Bbeweb,  R,  W.  a. — Liquid  Fuel  for  Internal  Combustion  Elngines.    Gat  and  OU 

Eng.  Bee.,  vol.  v,  1907. 
BUcHi,  Alfbed.— Modem  Continental  Oil-«ngine  Practice.     Casner't,  Lond.,  March 

1913. 
BnBBTAix,  F.  W. — Some  Future  Developments  of  Heat  Engines.     J'l  West.  Scot. 

It.  and  SUel  Init..  vol.  liii,  pp.  98-110,  139-146^  151-156.     1906. 
BTm.EB,  E. — Practical  Management  of  Gas  and  Oil  Engines.    Gat  aitd  OU  Power, 

vol.  iv,  pp.  203-204,  234-235.     1909. 
Camton,  M.^Daa  mBchanische  Aequivalent  der  Verbrennung  und  Konstniolttion 

einee  rationellen  Verbrennungsmotor.    Phytik.  ZeUtehr.,  Dd.  vi,  pp.  806-806. 

190fi. 
Capitaihh,  E. — Petroleum  Kraftmasehine.    Zeiltchr.   Ver.  deuttch.  Ing.,  bd.  xiii, 

pp.  1458-1462,  pi.  idi.     1899. 
Chattbeton,  a. — Experimenta  in  pumping  with  Oil  Engines  at  Melrooapuram 

(India).    BvU.  Dipt.  Agric.  Madrat,  vol.  ill,  pp.  36-51.     1905. 
CiABE,  D. — The  Testing  of  Petrol  Engines.     Ptoc.  Inst.  Autom.  Engrs.,  vol.  vii,  pp. 

22.     190S. 

Internal  Combustion  Ennnes.     CajUor  Ltciuret,  vol,  viii.     1905. 

. — ^The  Present  Position  of  Gaa  and  Petrol  Engines.    Electrician,  vol.  lix,  pp. 

774-677.     1907. 
CBOW1.XT,  R.  W. — SoUd  Gasoline  as  a  Fuel  for  Gas  Motors.     Com.  Veh.,  Nov.,  1011. 
DnMCAMBON,  Fbakk. — Notes  on  Two-cyde  Oil  Enginea.     Mtth.  Engr.,  Mar.  1,  1912. 
Eixie,  L.  W.,  and  Dbat,  W.  R.— Power  from    Kerosene.    Sei.  Am.  Sup.,  Feb.  16, 

1913. 
Engineer,  London. — A  New  Crude  Oil  Enrane.     Dec.  1,  1911. 
Engineerira. — Petrol  and  Alcohol  Internal  Combustion  Engines.     Rev.  of  Bull.  43, 

U.  S.  Bvr.  Mimit,  May  23,  1913. 
. — Internal  Combustion  Engines  at  the  Ghent  Exposition  (Navy  tank  steamer). 

August  1,  1813. 
,— Water-oooled  Clutch  and  Slipping  Gear  for  Oil-Engine  Drives.    Oct.  17, 

1913. 
Fbbmau),  R.  E. — The  Status  of  the  Gas  Producer  and  of  the  Internal  Combustion 

Engine.     Techn.  Paper  9,  Bur.  Minei,  Washington,  1912. 
H.-B. — Der  Zweitakt-Roh&bnotor.    Seifer^abrik,  bd.  xaa,  pp.  649-650.     1911. 
HiBSHrELO,  C.  F. — The  Principles  of   Fuel-Oil  Engines.     Wis.  Engr.,  May,  1913, 

Sd.  Am.  Sup^  July  19,  1913.    Serial. 
Jackbon,  Eable  D. — Oil  Engines  for  Central  Station  Prime  Movers.    Elee.  Wld., 

May  4,  1912. 
JuMOE,  F.  E.— German  Progress  in  I^rge  Oil  Engines.    Power,  Oct.  22,  1912. 
KnfBAii,  G.  H.— What  is  tie  Future  of  the  OU  Engine  in  the  United  States?    Eng. 

ffewt.  May  20  1912. 
KHOWI.BS,  C.  R. — The  Oil  Engine  in  Railway  Water  Service.     Ry.  Age  Oat.,  Aug.  15, 

1913. 
LBTOMBa,  Leon. — Moteurs  i-  combustion  Interne  et  Gaiogtees.     Tech.  Mod.  (Sup- 
plement), Deo.  15,  1912, 
LoKBELL,  H. — Die  flflssige  Brennstoffe  und  ihre  Verwendbarkeit  im  Grossktaftmas- 

ohinen.    Pet.  ZeUickr.,  bd.  vi,  pp,  946-952,     1911. 
LuMKT,  G. — La  question  du  Carburant  &  bon  march£.     Tech.  Mod.,  May  15, 1913. 
Mabiotti,  E. — Nuovo  motore  ad  olio  peaante  applicato  ad  una  automotnce  ferro- 

viaria.     Ing.  Ferro.,  Dec.  16,  1911. 
Matbot,  R.  E.^-Comparison  of  Gas,  Oil  and  Steam  Motive  Powers.    Power,  March 

6, 1912. 
Ostbboben,  O.  p.— Classification  of  Oil  Engines.    Power,  Feb.  II,  1913. 
Pchtbb,  a.  a.,  and  Cablbon,  W.  W.— Brake  Test  on  a  75-h,p.  OU  Engine.    Elee.  Wld., 

Jan.  11,  1913. 
Power. — The  Oil-Motor  Industry  in  Italy.    Abst.  trans,  from  Det  Oelmolor,  Oct.  7, 

1913. 
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Pkice,  W.  T.— The  Significance  of  Oil-engine  Developmeots.     (Plula.  Fdry  Awoo.) 

iTon  Trd.  Rev.,  Dec.  26,  1912. 
Rand,  J.  P.— Test  ot  a  Kerosene  Burning  Oil  Engine.    Sib.  J'l  Eng.,  Feb.,  1912. 
RoLLABON,  A.,  and  Tatlob,  A.  W.— ^The  Produotioa  of   Motor  Spirit  from  Oo»l. 

Col.  Guard.,  Sept.  19,  1913. 
ScBAAHSCHMiDT,  OscAB. — Die Treibmtttel des  Verbrannungs-moton.    Schiffbau,FA. 

26,  1913. 
Sbcor,  John  A. — The  Gasoline  and  Kerosene  Situation.    Address  before  Indiana 

Section  Soc.  Autom.  Eogrs.    SH.  Am.,  May  19,  1913. 
Setz,  H.  R. — Oil  Enginea.     Trans.  Am.  Soc.  Meek.  Eng.,  vol.  sxxiii,  pp.  1167-1200. 

1911. 
SiupicH,  F. — Oil  Engines  for  Mesopotamia.     U.  S.  Cow.  Rev.  No.  357,  pp.  145-147. 

1910. 
Smnnkb,  R.  p. — Petroleum-burning  Motors  tor  Agrioultural  Purposes   (Russia). 

U.  S.  Com.  Rep.  No.  356,  p.  54.     1910. 
Stephenson,  G.  B.— Petroleum  Engines.     V.  S.  Cone.  lUv-  No.  357,  p.  145.     1910. 
Stbebter,  R.  L. — The  Internal  Conibustion  Engine  in  Modern  Praotioe.    Ejig.  Mag., 

vol.  Irii,  pp.  57-74,  185-205,  349-370.     1911. 
Strong,  R.  M,,  and  Stone,  Ladbon — Comparative  Fuel  Values  of  Gasoline  and 

Denatured  Alcohol   in  Internal  Combustion  Engines.     U.  S.  Bur.  Mines,  BuU., 

43;  and  Bull.  32.     1012. 
SuPLBE,  H.  H. — Historical  Review  of  the  Development  of  the  Internal  Combustion 

Engine.     Caasier's  Mag.,  vol.  xxidii,  pp,  3-22.     1907. 
TooKBY,  W.  A.— Oil  Engines.     Trans.  Manchester  Assoc.  Erig.,  1908,  jip.  21-78, 
UtBRiCHT,  T.  C,  and  Tobrancb,  C.  E. — American  Practice  in  the  Rating  of  Internal 

Combustion  Engines.     Sib.  J'l  Etig.,  April  12,  1912,  and  Power,  July  23,  1912. 
U.  S.  Special  Considar  Report, — 'Gas   and   Oil  Engines  in  Foreign  Countries,  vol., 

xriii,  pt.  i,  pp.  188,  iv.     I90I. 
Vbkton-Docladx,  L.— Les  Moteurs  k  Naphtaline.     Tech.  Mod.,  Nov,  1, 1912,  and 

Mem.  Soc.  Ing.  Civ.  de  France,  Oct.,  1912. 
Wbinbbb,  F.— Ueber  HohClmotoren.     Bleclrolech.  v.  Maeckinenbau,  May   25,  1913, 

p.  444. 

Obaenationt  on 

a  the  Oil  Engine.    Power,  March  11, 1913,  p. 


WUcomin  Eng.,  May,  1913,  p. 


Ballin,  a.  E.— New  Heavy-oil  Engine.    Power,  August  12,  1913. 

Stamp  Mm 
Sbaobr,  J.  A, — Oil  Engines  for  Driving  Gravity  Stamps.     E.  and  M.  J'l,  vol. ) 
pp.  851-852.     1911. 

WentiBorth 
Wentwobth,  John  F. — Observations  on  the  Oil  Engine.    Power,  Mar.  11,  1913. 

WiLLBT,  Day  Allen. — Oil  Fires  in  the  Southwest,    Sd.  Amer.,  Jan.  10,  1903. 
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WicKEBfiBAU,  8.  M, — To  Extinguish  Oil  Fires.    Proe.  Enn.  Soc.  Witt  Penn.,  vol.  is, 
pp.  279-281.     1893. 

FOBOKB 

EvANB,  H.  A. — (Ml  aB  Fuel  in  Forges.     Iron  Tr.  Rev.,  vol.  xlvii,  pp.  75-81,  138-142. 

1911. 
JuKOVBKi,  S. — New  Metallurgical  Oil  Focges.    Oom.  Jwn.,  1896,  t.  iii,  pp.  14-51,  5 

pis. 
Lent,  L.  B. — Producer  and  Water  Gas  for  Furaaces.     (Forge  furnaoes  equipped  with 

gafl  and  oil  burners.)     Am.  Machinitl,  vol.  xxxiv,  pp.  692-496.     1911. 
Popov,  N. — Oil  H«ating  in  Forges,  Boilers,  etc.,  in  Moaoow.    Gom.  Jum.,  1S96, 

t.  iii,  pp.  1-30,  4  pis.     See  also  under  Boilers. 

FUXL 

Aaqabd,  H.  B. — Liquid  Fuel.     Price  Essay,  ^oru'tgianOaiif,,     1902. 

AoAiis,  E.  E. — Fuel-Oil  Installation  on  the  Great  Northern  Railway.     Ry.  and  Engng. 

Rev    TKso.  9,  1911. 
Adams,  W.  B.— Liquid  Fuel.    J'l  Soe.  Arts,  vol.  xvi,  pp.  432-433.     1868. 
Alkxibbv,  V. — Petroleum — Peat  Fuel.    Zap.  Imp.  Stusk.  Tekkn.  Obsch.,  g.  xxxiii, 

Trudi,  pp.  225-240,     1899. 
AxJiEST,  J.  d'. — De  la  Combustion  des  huiles  Minerales  et  de  leurs  r^sidus.    Girt.  Civ., 

t.  viii.  pp.  7-10,  19-22,  36-42.     1885. 
A(n>8BBV,— OU  as  Fuel.     Promiachl,  t.  i,  pp.  227-246.     1864. 
Attfhauber,   Dh. — Die    Specificachen    Eigenschaft«n  und    Unterschiede  der  festem 

und  flOssigen  Brennstoffe  und  ihre  technische  Bedeutung.    Gtiidta\if,  April  19, 
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BcCHiirBB,   G.'-ErdiilverweDdung  in  California.     Bayer,   Ind.  Otwerb.,  bd.  zli,  pp. 

160-101.     1009. 
Cooper,  A.  S. — Southern  California  Petroleum.     Min.  and  Sci.  PreM,  vol.  Ixxvii, 

373.     1898. 
Hariuson,  W.  J. — Consumption  of  Goal  and  Oil  in  California.     1902-1903. 
Heokteau,    Ch.    E.— L'Industrie    du  P^trote  en    California.    Ann.    de*.    Min 

10th  ser.,  vol.  iv.      1903. 

PBirraMAN, 

Wid.,  June  22,  1912. 
Requa,  M.  L. — Present  Conditions  in  the  California  Oil-fields.     Mtn,  and  Sci.  Prtm, 

Nov.  18,  1911. 
— .—Present   Conditione   in   the   California   Oil-fields.     BuU.   Am.   Intl.   Min. 

Enprs^  April,  1912. 
RicKARD,  T.  A.— Coalinga:  A  California  Oil-field.     Min.  Mag.,  Oct,,  1912. 
Storub,   W.   H.^Grovth  of  the  Petroleum  Industry  in  California,  map.     Min.  and 

EngrM.  ffU^June  22,  1912. 
Watts,  W.  L. — The  Gas  and  Petroleum-yielding  Formations  of  the  Central  Valley  of 

California.     BuU.  Calif.  Stale  Min.  Bvr.,  No.  3,         ""  

. — Petroleum  in  California.     13iA  An.  Rep. 

1896. 
WiSHoN,  A,  E.— Eleotrir.ai  Energy  in  the  OU-fields  of  California.    J'l  EUe.  P.  and  G., 

April  28,  1913,  p.  375. 
Wolf,  J.  H.  G. — IVoduction  and  Prices  in  the  California  Oil-fields.     Min.  and  Sei. 

Press,  Jan.  6,  1912. 
.^Production  and  Allied  Statistics,  California  Oil-fields.     Min.  andSei.  Prett, 

Sept.  28,  1912. 
YouNQ,  W.  G. — Present  Outlookfor  the  Oil  Industry  in  California.    B.  and  M.  J'l,  vol. 

bmi,p.664.     1901. 
. — The  Present  Condition  of  the  Oil  Industry  of  California.    B.  and  M.  J'l, 

vol.  Ixxiv,  pp.  545-646.    1902. 

UniUd  SlaUt—Oeneral 

1  Nord  Amerika.    Berg-Han. 

BuRRooaHS,  W.  d.— The  Petroleum  Fields  of  the  United  SUtos.    E.  and  M.  J'l,  vol 

IxMrix,  1911,  pp.  921-924. 
Day,  David  T.— The  New  Oil  Fields  of  the  United  States.    Am.  Rev.  of  Ret.,  June, 

1901. 
. — The  Petroleum  Resources  of  the  United  States.    Am.  Rev.  of  Rev.,  Jan., 

1  the  United  States  in  1911.    Min.  and  Engng. 

i7'No"~3,  ppr37^i7  Sept"  loiS' 
Mineral  Industry,  N.  Y.— Annual  Volumes,  1892  to  1912,  inc. 
Mining  and  Engineering  World. — Production  of  Petroleum  in  the  United  States,  1911. 

Jan.  27,  1912. 

. — Petroleum  Industry  in  the  United  States  in  1912.     Jan,  26,  1913,  p.  167. 

Peckham,  8.  F. — Report  on  the  Production,  Teohnology  and  Uses  of  Petroleum  and 

its  Products.     (Tenth  U.  S.  Census.)     Quart.  Rep.  U.  S.  Bur.  Slatitlies.,  vol.  i, 

1888. 

. — Petroleum.    Eleventh  Census  Rep.,  Wsahington,  1892, 

Walbb,  Geo.  E. — American  Petroleum  Possibilities.     Caeeier'a  Mag.,  Dec,  1902. 
WiLDMAN,  R. — American,  Russian  and  Sumatra  Petroleum.    Rep.  U.  S.  Cons.,  vol. 

d,  pp.  466-469.    1892. 
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Louinana 


Hahkis,  G.  D. — Oil  and  Gm  in  Louisiftna,  with  a  Brief  Summary  of  Their  Occurrence 

in  Adjacent  States.    BuU.  No.  429,  t/.  5.  G.  S.,  1910. 
Batbb,  C.  W, — Oil-flelda  of  the  Texas-Louisiaiia  Gulf  Coastal  Plain.    Paper  in  BuH. 

No.  213,  U.  S.  G.  S.,  1903. 
and  Wm.  Kennedy. — The  Texas-Louieiana  Oil-fields.     Sci.  Am.  Supp.,  Nov. 

15,  1902. 
WooTON,   Paui.. — History  and  Developmenta  of  Louisiana's  Oil-fields.     Min.  and 

Eagng.  Wld.,  June  22,  1912. 

Oklahoma 

Gould,  Chab.  N. — Petroleum  and  Natural  Gas  in  Oklahoma.    Earn.  Geol.,  Dec, 

1912,  p.  719  el  tee. 
WrmcH,  L.  L. — Petroleum  in  Oklahoma.    Min.  andMin.,  vol.  joodi,  pp.  291-294, 1911. 

Soulhern  Statet 

CARACBian,  C.  F.  Z. — Southern  Petroleum  and  the  Fuel  Market.     Manvf.  Rec., 

Feb.  20,  1902. 
Dat,  Datid  T. — Broad  Surrey  of  Southern  Potentialities  in  Mineral  Development. 

Man^f.  Rec.,  Jan.  7,  1909. 

.—The  South'e  Oa  Conlribution.     Monuf.  Rec.,  Jan.  18,  1911. 

.—Vast  Storehouse  of  Fuel  in  Southern  Petrol,-um  and  Natural  Gaa.     Mant^. 

Rec.,  Feb.  22,  1912. 
Oli*hant,  F.  H.^Import  of  the  Production  of  Southern  Petroleum.     MamuS-  Ree., 

Feb.  22,  1902. 

Texas 
BnKR,  G.  A,— Petroleum  in  Texas  and  Mexico.    B.ondAf. /'I,  vol.  bod,  pp.  887-688. 

1901. 
ft«d  Oil  JouTtuil,  Houston,  Texas. — Files  of,  from  vol.  i,  No.  1,  Octob"r,  1911,  to  vol, 

V,  No.  1,  January,  1914. 
Hatw,  C.  W. — See  under  Louisiana. 
Bill,  R.  T.— Beaumont  Oil  Fields,  with  Notes  on  Other  Oil  Fields  of  the  Texas 

Region.     Tram.  Am.  ItuI.  Min.  Engn.,  vol.  xxxiii,  pp.  363-105.     1902. 
Krnnedt,  Wm. — See  under  Louisiana. 
Lttcas,  a.  F. — The  Great  Oil  Well  near  Beaumont,  Texas.     Am.  Manuf.,  July  11, 

1901. 
. — The  Great  Oil  Well  near  Beaumont,  Texas.     Trana.  Am.  Intl.  Min.  Engrt., 

vol.  xxxi,  pp.  362-374,  1029-1032.     1901. 
.— IWsumS  of  the  Texas  Oil  Fields.     Comp.  Rend.  Congr.  Internal.  Pilrole, 

sess.  3,  t.  iij>p.  341-364.    1910. 
ftf  ALCOLMBON,  W.  L. — spindle  Top,  near  Beaumont,  Texas.    Pelrokum,  vol.  ii,  1902, 

pp.  810-612. 
Manufaeiurers'  Record.— Sisnificance  of  the  Texas  Oil  Field.     April  11,  1901. 
MrixKK,  Thos.  D.— RecenSy  Developed  Oil  Fields  of  Texas.    Js.ondM./'I.vol.lxv, 

1898,  pp.  734^735. 

.—The  Texas  Oil  Fields.     Am.  Oas.  Light  J'l,  vol.  Ixxxiii,  1905,  pp.  86-91. 

Pebcbval,  C.  a.  S. — Report  for  the  year  1909  on  the  Trade  and  Commerce  of  the 

Consular  District  of  Galveston.     Dipt.  Com.  Rep.  Ann.,  ser.  No.  4425.    1910. 

.—Petroleum  Output  in  Texas.     B'd  of  Trade  J'l,  vol.  Ixxiii,  p.  527.    1911. 

PHiLUpe,  Druht  McN. — See  Udden,  J.  A. 

PraiXiPS,  Wm,  B.— Texas  Petroleum.      Uttiv.  Tex.  Min.  Sum.  Bidt.  No.  I.     1901. 

Reavib,  H.  S.— Petroleum  m  Southwestern  Fields.     Manuf.  Rec,  Jan.  3,  1907.    See 

also  editorials  in  Fuel  Oil  JourruU. 
Stoek,  H.  H.— The  Beaumont,  Texas,  Oil  Field.    Min.  and  Min.,  vol,  xxiii,  pp.  490- 

492.     1903. 
Udden,  J.  A.,  assisted  by  Drury  McN,  Phillips. — Reconnaissance  Report  on  the 

Oeology  of  the  Oil  and  Gas  Fields  of  Wichita  and  Clay  Counties,  Texas.     Bur, 

Be,  Geol.  and  Teekn.,  Univ.  Tex.,  Btdl.  246.     1912. 
WiLi^KT,  DAT  AUAN. — New  Texan  Oil  Deposits.    Set.  Amer.,  Jon.  30,  1904. 
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PlPnldNBB 


Eddt,  Lewib  H.— California  Oil  Pipe  Lines.    E.  and  M.  J'l,  June  28,  1913. 
Pvel  Oil  JoMr7wJ.~CaliforTiia  ReguIattonB.    Vol.  iv.  No,  6,  p.  77,  Dec,  1913. 

.— Concesaion  in  Vera  Cruz,  Mexico,     Vol.  li.  No.  3,  pp.  5--7.  Sept,,  1912. 

. — De  La  Vergoe  Crude  Oil  Engines  for  Standard  Oil  Co.  of  Louisiana.    VoL 

iv,  No.  5,  p.  53,  Nov.,  1913. 

.—Pipe  Line  and  Refinery  Gonatruction  in  Texas  in  1912.     Vol.  iii,  No.  2,  p. 

40,  Feb.,  1913. 
Intbbbtatb  Covhehce  Commission'.-— Common  Carriers,     Decision,  1912. 
Sibut:ns,  G.  R.  v. — Mannesman-Rohleitung  von  100  at.  Betriebsdnick  fOr  flElssige 

Brennstoff  in  Ural.  SUt.  Ver.  BefOrd.  Geutrbefl.,  bd.  Ixx,  pp.  172-173,  1891. 
Stboto,  B,  K.— Oil  Pipe  Lines  in  California.  Eng.  News,  March  13,  1913,  p.  500. 
VoiSLAV,  S.  G. — OrganiKBtion  of  Pipe  Lines.     Zap.  Imp.  Ruaak.  Tekhn.  Obseh.,  g. 

xiii,  otd.  i,  pp.  237-274     1879. 
Zls.  Iniemat.  Ver,  Rohringgen. — Das  Schweissen  von  pipe  lines  ffir  hohen  Drucfc. 

May  1,  1913,  p.  106. 

Pumping 
Bowie,  C.  P.— Pumping  California  Oil.    Oil  Age,  1 
lAcs,  J.  D. — A  New  Method  for  Pumping  Heav 

Viscous  Fluid.     Eng.  News,  vol.  Iv,  pp.  640-641. 

Peoducer  Gab 
Fuel  Oil  Journal. — The  Tat«^onee.    Vol.  iy.  No,  3,  pp.  68-69,  Sept,  I9I3. 
GitiNE,  H.  A. — Making  I^oducer  Gas  from  Crude  Oil.    3ftn.  andSct.  Pr.,vol.ciii,pp. 

381-382.     1911. 
JoNxa,  E.  C. — Producer  Gas  from  Crude  Oil.     Trans.  Am.  Soe.  Meeh.  Eng.,  vol. 

XTxiii,  pp.  903-906.     1911. 
Laeakgv,  p. — Oil-gas  Producer.    Zap.  Imp.  Ruisk.  Tehkn.  Obteh.,  g.  xiix,  Trudi, 

pp.  337-374.     1905. 

Rebervoibs  and  Storage 
Engineerinaand  Mining  Journal. — Tankage  Capacity  of  Beaumont  Oil  fields.     May 

Fvel  on  Journal.— Oil   Reservoirs   at   San  Luis  Obispo,   California.     Perhaps   the 

largest  in  the  world.     Vol.  i,  No.  6,  pp.  34-35,  April,  1912. 
Oatman,  F.  W.— a  Concrete  Reservoir  for  Storage  of  Petroleum,  near  CoaJinga, 

California,     Min.  and  Engng.  Wld.,  Nov.  18,  1911. 
U.   8.   Navy.— Storage   Capacity.     Fuel   Oil   Journal,  vol.  iv,   No.  5,   p.   9,   Nov., 

1913.    See  also  Min.  Rea.  U.  S.,  V.  S.  G.  S.,  an.  vols. 
Whttefobd,  J,  F.— The  Santa  Fd  Oil  Storage  Plant.    Am.  Mach.,  Oct.  24,  1912. 

Specifications 

Allen,  I.  G. — Specifications  for  the  Purchase  of  Fuel  Oil,  with  Directions  for  Sampling 

Oil  and  Natural  Gas.      U.  S.  Bur,  Min.,  Techn.  Paper  3,  1911. 
.—The  Preparation  of  Specifications  for  Petroleum  Products.     Bur.  Mines. 

Washington,  Tech.  Paper  36,  1913. 
Damski,  a,  V. — On  the  Question  of  the  Determination  of  a  Standard  of  Quality  tm- 

Burning  Fuels  Generally  and  for  Petroleum  Residues  in  Particular.     Zap.  Imp. 

Ruesk.  Tekhn.  Obtch.,  g.  xxiLi,  Jan,,  pp.  51-60;  Feb.,  pp.  38-46,  1889. 
Khatbbov,  K.^ — Is  it  Desirable  to  Impose  a  Fire-teat  on  Liquid  Fuels?     Zap.  Imp. 

Ruisk.  Tekhn.  Obach.,  xxxi.  No.  11,  Trudi,  pp.  105-129,     1897. 
SiNQGR,  L.~Die  Lieferungabeoingungen  der  Regierung  der  Vereinigten  Staat«n  fOi 

den  Kauf  vom  Heiz61  und  Anleitungen  zur  Probenahme  von  Oel  und  Naturgas. 

Pet.  ZeiUchr.,  bd.  vii,  pp.  153-158.     1911. 
SoMUER,  A. — Necessary  Reforms  in  Specifications  for  Petroleum  Products.     Fnx. 

Am.  Soc.  Teal.  Mat.,  vol.  x,  pp.  468-471.     1910, 
U.  S.  Navy  Department. — SpecincationB  for  Fuel  Oil  for  the  United  States  Navy. ; 

1912.  I 

Zaloiibcki,  R,— Eine  neue  Grundlage  Eur  Festellung  der  Rohdipreise.     Naphta,  bd. . 

xiv,  pp.  63-67.     1906. 
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DomeMe 
Baldeevitch.— Domestic  Oil  Stoves.     Zap.  Kaok.  Old.  Imp.  Rtusk.  Tekhn.  Obteh., 

t.  XV,  pt.  i,  1883. 
PiBOTSKi,  Ph.  a. — On  Stoves — RuaBiAn  and  Room — and  the  Use  in  Them  of  Miner&l 

F\iel.    Zap.  Imp.  Ruuk.  Tekhn.  Obteh.,  g.  xv,  otd.  i,  pp.  336^62,  3  pU.     1881. 

Tank  Vbsseu 
Cbch,  G.  0. — Apparat  lur  voUkomraen  gefahrloaen  Aufbewahrung   (und  Trans- 

portirung  auf  Schiffen)  grossen  Mengen  von  Petroleum,  Benim,  etc.    Polyt. 

Joum.,  vol.  cxoiv,  pp.  166-169.     1869. 
CRAQoe,  E.  H. — On  VeMels  ConBtructed  for  the  Over-«ea  Bulk  Oil  IVade.    Proe. 

CUmland  Inat.  Bng.,  1893,  pp.  8-37. 
CmsiEK,  D. — Oil  Tank  Vessela.     MarvHt  Bfiginaering,  vol.  viii,  p.  1920.     1903. 
Eldsidge,  G.— On  the  Weak  Points  in  Steamers  CairyittK  Oil  in  Bulk.     Tran«.  Intl. 

Naval  Archl.,  vol.  Jtcriii,  pp,  88-103,  pb.  v-viii,  1892. 
£(V>n««r,  London. — The  Dieeel  Oil  Tank-chip  "Haxen."     March  21,  1913. 
EttgineenTig. — Internal  Combustion  Engines  at  tne  (Hient  Exposition.    Aug.    1, 

1913. 
Otnie  CxBxl. — Le  pettolier  &  moteurs  Diesel  "H^en."     April  12,  1913. 
Gradeitwitz,  AursED. — A  Diesel  Motor  Tank  Vessel  (carrying  oapacitjr  1S,0CK>  tons) . 

Marine  Engnf.,  Sept.,  1912. 
Int.  Uariiu  Engmetring. — German    Diesel-Engined    Tank-ship    "H«cen."     May, 

1913. 
Marine  EnginMring. — New  Tank  Steamer  for  the  Gulf  Refining  Company.     March, 

1912. 
MoNTOOHEBiE,  J. — The  Arrangement  and  Construction  of  OH  YteatAa.     Castier'a 

tfoff.,  Dec.,  1911. 

.—The  Design  and  Construction  of  Oil  Steamers.    Erignf    Feb.  2^  1913. 

-. — TTiB  Design  and  Construction  of  Oil  Steamers.     Tram  Intt.  of  Engrt.  and 

Shipbldrt.  in  ScoOand,  Jan.  21,  1913. 
Petroleum  fforW.— World's  Record  Tank  Steamer.   (Mexican  Eagle  Oil  Co.)    March, 

1913,  p.  128. 
Schiffbau. — Der   Petroleumtransport  lur  See,  und  die  neueete  Entwickelung  der 

Tanksohifte.     Serial.     Dec.  11    1912. 

. — Das  Motor-Unk-achiff  "Hagen."     March  12,  1913. 

Shipbi^ding. — Intemal-Combustion    Engines    for   Ocean-going   Ships    (tuik-ship 

"Hageo'n.     May,  1913. 
To^n^,   H.   C.— Liquid  Fuel  Meagurements  on  Oil-burning  Steamsliipfl.    Serial. 

Ist  part.     Int.  Mar.  finpnf.,  Aug.,  1912. 
WAJ.EER,  P.  F.~Stability  of  an  Oil-tank  Steamer.     Marina  Ertiptg.,  vol.  vii,  pp.  492- 

495.     1902. 
Wii>BON,  J.  Kkkdell. — Twin  Screw  Motor-ship  "Eagen."     Eng.  Ne'wi,  May  1,  1913. 
Zap.  Imp.  Rtittk.  Tekkn.  Obacft.^Rulea  for  the  Transport  of  Petroleum  in  Ships 

and  for  the  Use  of  Oil  Fuel  on  Them.    Zap.  Imp.  Suaak.  Tekhn.  Obteh.,  g.  xxxvii, 
■       pp.  705-730.     1903. 
Zeil.  det  Ver.  Dtutteher  Ing. — Das  TankechiS  "Hagen"  erbaut  von  Fried.  Krupp, 

A,  G.     Germaniawerft.     April  6,  1913. 

Tbstino 
Abel,  F.  A.,  and  Redwood,  B. — Petroleum  Testing  in  Tropical  Climat«a  with  Abel's 

Apparatus.     Chem.  Neva,  vol.  xlix,  p.  196.     1884. 
AisiNUANN,    S.— Die    Einheitlichen    PrUfungsmethoden   in   der    MineralOlindustrie. 

Samml.  Ckem.-lechn.  Vorlr.,  bd.  ii,  pp.  325-400.     1897. 
HiaoiNB,  W.  F. — Methods  and  Apparatus  used  in  Petroleum  Testing.    J'l  Soe.  Chem. 

Ind.,  June  16, 1913.    PttroUum  Wld.,  June,  July,  1913. 
Mann,  Uhab.  A.— Oils  and  Oil  Testing.     Wigam.  Engr.,  Feb.  1912. 

ToRFBnOBB 

AiXBBT,  J.  d'. — Le  Chauflage  dee  Torpilleurs  au  moyeu  des  hydrocarburea  liquides. 

Gin.  CiB.,  t.  xi,  pp.  344-348,  362-363,  397-402.     1887. 
CoRBn,  J.— Le  P^trole  et  lea  Torpilleurs.    Mon.  Iml.  Ptlrol-Roam.,  t.  x,  1909. 

Tbansportatiok 
Calmbl,  A.— La  Transport  du  P^trole.    Jawyi.  Plrol.,  t.  i,  pp.  3-5,  21-23,  40-41,  55- 

56,71-73.     1901. 
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N1CHOI4  B.  O.,  And  Oravell,  J. — The  Use  and  Traiuport»tion  of  liquid  Fuel. 
Tram.  N.  B.  CoiMl  Intl.  Eng.  Shijtbmlden,  vol.  ui,  pp.  27-51,  pie.  1-11.    1887. 

■   ■    WAam 
Prevention  of 
Akmold,  Ralph,  and  Oabtias,  V.  R.~The  Frerention  of  Waste  of  Oil  and  Gas  from 
Flowing  W«Us  in  California.     Techn.  Paper  42,  Bur.  Minei.    Washington,  1913. 

Watbb 
Condition  of,  in  OH 
Wai^^M. — Some  Observation§  on  the  Phenomena  which  take  Flaoe  between  Oil  and 
Water.    Mem.  Lit.  PMl.  Soc.  Maneh.,  vol.  ii,  pp.  435-444.     1789. 

Danger  of 
Ver.    Bokringen   u.    Bokrteenxk. — Die    WaBsencefahr    in    den    Kalifomischen 
"-"""-"-n  CI^anB.  frc-    "'   "    "     '      ^  "■    """" 


Erdfilfelden  ('ft'anB.  from  Pet.  Bwiew).     March  16,  : 


Allsh,  Ibvinq  C,  and  Jacobs,  W.  A. — Methods  for  the  Determination  of  Water  in 
Petooleum  and  Its  Producta.     Teekn.  Paper  25,  Bur.  Mines.    Washington,  1912. 

Cuima,  M.,  and  Tompkinb,  P,  W.— Notes  on  the  Determination  of  Water  m  Califcff- 
nia  Crude  Oilfl.    J'l  Soc.  Chem.  /fid.,  vol.  xxi,  p.  1619.     1902. 

PreverUion  of 
Arnold,  Ralphs,  and  Gabfias,  V.  R. — The  Cementintc  Proceas  of  Excluding  Water 
from  Oil  Wells  as  Practised  in  California.     Techn.  Paper  32,  Bureau  Mine*. 
Washington,  1913. 

.Removal  of 
RoBBNTBAL,  T.— Ke  EntwasserunK  tod  rohem  Erdal.    Pet.  Zeiteehr.,  bd.  t,  pp.  315- 
316.     1909. 

Books 

A  History  of  Fossil  PViel.    London,  1841, 

Abbl,  F.  A. — Report  to  the  SeoretMy  of  State  for  the  Home  Department  on  the  Sub- 
ject of  the  Testing  ot  Petroleum.     Fo.,  London,  1876. 

AiaiNHANN,  3.— Taschenbuch  tOr  die  MineralOlindustrie.     Berlin,  1896. 

Allek,  a.  H. — Commercial  Organic  Analysis.    4  vols.    London,  1879,  1882. 

Allen,  H. — Modem  Power  Gas  Producer  Practice  and  Applications.    London,  1908. 

ALniANE8TiANu,  H.  C.— Qusstion  de  la  concession  des  terrains  pjtrolef^es  situJs  sur 
lea  propri^t^  de  V6t&t  et  dee  eonduitM  pour  le  transport  du  p^trole  en  Roiunank. 
Bucharest,  1900. 

Anbtrt,  H.  C. — ^Liquid  Fuel.  A  new  chapter  in  Ed.  II  of  English  translation  oF 
Chaudidres  Marmea  (L.  E.  Bertin).     London,  1906. 
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I.  Inthoduction 

Copper  matte  is  now  converted  into  blister  copper  at  a  cost  of  only 
$5  per  ton  of  copper,  or,  based  on  a  40  per  cent,  matte,  $2  per  ton  of  matte, 
wliich  is  the  record  of  at  least  one  lai^e  smelting  works;  and  it  seems 
hardly  likely  that  a  further  reduction,  large  enough  to  warrant  a  change 
in  ousting  practice,  could  be  made  in  bessemerizing  costs.  But  the  new 
type  of  converter  here  described  and  the  new  practice  proposed  are 
intended,  not  so  much  for  the  treatment  of  mattes,  as  for  the  extension  of 
the  process  to  the  direct  reduction  in  the  copper  converter  of  pyrite  ores 
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with  iacreased  amounts  of  copper  concentratea,  without  previous  Bmeltiiig 
of  the  pyrite  ore  in  the  blast  furnace,  or  roasting  of  the  concentrates  in 
the  MacDougall  furnace  and  then  smelting  them  in  the  reverberatory. 

X/et  me  explain  at  the  beginning  that  the  process  here  outlined  will  not 
displace  existing  methods  of  blast-furnace  smeltit^,  or  roasting  and  revo*- 
beratoTy  smelting.  The  term  "pyrite  ores"  defines  the  character  of  the 
material  that  can  be  treated  direct  by  a  pneumatic  process,  namely,  ores 
containing  sufGcient  iron  and  sulphur  to  furnish  the  heat  required  to 
produce  and  sustain  the  smelting  and  bessemerizing  temperature.  And, 
the  tonnage  of  concentrates  that  can  be  smelted  direct  in  the  converter 
depends  likewise  chiefly  on  their  iron  and  sulphur  contents;  a  decrease  in 
these  two  constituents  requires  an  increase  of  them  in  the  matte  <^  the 
charge.  In  other  words,  the  matte  should  be,  in  such  a  case,  low  in 
copper  and  high  in  iron  and  sulphur,  so  that  it  may  furnish  the  requisite 
heat  to  smelt  the  more  siliceous  copper  concentrates,  high  in  copper  but 
low  in  iron.  The  copper  concentrates  will  then  take  the  place  of  the  fflli- 
ceous  fiux,  for  sla^^ii^  the  iron  in  the  matte.  In  a  number  of  smelters, 
where  ^ieeous  concentrates  preponderate,  the  laige  converter  can  be 
used,  at  least  partially,  as  a  smelting  furnace.  This  is  aheady  being  done 
at  a  few  plants,  notably  at  the  Great  Falls  smelter,  in  Montana,  and  that 
of  the  Cananea  Consolidated  Copper  Co.,  in  Sonera. 

The  chief  items  of  cost  in  converter  smelting  would  be  the  blast  for 
bessemerizing,  and  the  renewal  of  the  magnesite  Hning.  That  the  latter 
need  not  be  prohibitive  is  evident  from  the  fact  that  magnesite  costs  have 
been  lowered  already  to  30c.  per  ton  of  copper,  or  only  12c.  per  ton  of 
40  per  cent,  matte  converted,  an  amount  of  no  great  consequence.  That 
magnesite  lining  consumption  is  likely  to  decrease  with  an  increase  in  the 
idze  of  the  converter  will  be  shown  later. 

If  converter  smelting  is  to  find  wide  application  in  the  treatment  of 
copper  ores  of  such  character  as  those  of  Shasta  county,  Cal.  (Mammoth 
Copper  Co.,  Kennett;  Balaklala  Cons.  Cofiper  Co.,  Coram;  Mountain 
Copper  Co.,  Keswick),  the  Tennessee  Copper  Co.  and  the  Ducktown 
Sulphur,  Copper  &  Iron  Co.  in  Tennessee,  the  Rio  Tinto  mines  in  Spain, 
etc.,  it  must  be  cheaper  than  the  present  established  practice  of  combined 
blast-furnace  smelting  and  bessemerizing  operations,  or  possess  otb^ 
compensating  economic  advantages. 

As  the  speed  with  which  such  ores  can  be  smelted  and  their  impurities, 
iron  and  stdpbur,  eliminated  depends  entirely  on  the  rate  with  which  the 
air  is  pressed  through  the  molten  sulphides,  I  have  concerned  myself 
principally  with  a  study  of  this  most  important  factor  of  commercial 
success.  To  put  through  the  converter  the  large  tonnage  of  sulphide 
ores  now  smelted  in  the  blast  furnace,  will  require  the  supply  to  the  con- 
verts of  larger  air  volumes  than  are  now  customary.  For  the  proeess 
would  be  the  concentration,  not  of  a  matte,  but  of  an  ore,  to  blisto'  ooppot; 
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and  hence  the  air  requirements  per  ton  of  copper  would  be  greatly 
increased. 

Technical  efficiency  requires  that  there  should  be  no  free  oxygen  in 
the  waste  gases  after  the  air  has  passed  through  the  molten  sulphides. 
Such  oxygen  eorresponds  to  a  certain  amount  of  excess  of  air,  the  compres- 
sion of  which  has  consumed  power,  while  its  presence  lowers  the  tempera- 
ture of  the  molten  sulphides,  since  it  has  to  be  heated  with  them,  and  thus 
adds  to  the  heat  carried  oR  in  the  waste  gases.  In  the  smelting  and 
besBemerizing  of  ores  at  one  operation  in  the  converter  such  an  excess 
of  air  is  of  course  a  much  more  serious  matter  than  inbessemerizing  mattes, 
siace  the  loss  per  ton  of  copper  produced  would  assume  more  serious  pro- 
portions for  the  lower-grade  copper  ores  than  for  the  relatively  high^rade 
copper  mattes. 

Finally,  the  air  should  be  used  at  as  low  a  pressure  as  possible,  to 
lower  the  cost  of  compressing  it. 

The  detailed  discussion  which  follows  is  based  on  the  above  general 
premises. 

II.  Development  of  Convertek  Phactice 

Without  reviewing  the  various  attempts  which  preceded  the  successful 
solution  of  the  problem  by  Pierre  ManhSs  and  Paul  David  in  1880,  at 


Fia.  1. — FiBST  CoMUERCLU.  MANHis-DATiD  Copper  Converter. 

the  V6dennra  smelter  in  Vaucluse,  France,  it  will  suffice  to  describe  the 
first  converters  installed  at  Eguilles  in  1881,  marking  the  introduction 
of  Bessemer's  process  applied  to  the  conversion  of  copper  mattes  on  a  com- 
mercial scale.* 

This  converter  is  illustrated  in  Fig.  1,  taken  from  Schnabel's  Melall- 

>  For  a  more  extensive  article  on  this  subject,  see  Development  of  Converter 
Practiee,  by  H.  Haas,  Mining  and  SeienUJU;  Press,  vol.  cvii,  No.  17,  p.  653  {Oct.  25, 
1913). 
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hUttenkunde,  2d  ed.,  vol.  i,  p.  224.  It  had  20  tuyeres,  of  12  to  15  mm. 
diameter,  15  cm.  above  the  bottom.  The  wind  box  surrounding  the  shell 
had  small  punch  holes  closed  by  wooden  plugs,  very  much  as  is  done  to- 
day with  the  peeph<rfe3  in  the  tuyeres  <rf  silver-lead  furnaces.  A  peculiar 
feature  was  the  arrai^ement  of  the  tuyeres  around  the  entire  periphoy  of 
the  shell,  so  that  the  blast  could  play  on  the  matte  from  all  sidea. 

"  Aa  a  variety  of  mattee  had  to  be  treated  (mattes  high  as  well  as  low  in  iron  and 
correspondingly  low  and  high  in  copper),  with  the  variety  in  custom  ores  handled  and 
treated,  it  frequently  happened  when  blowing  low-grade  matte  that  the  enriched  matte 
or  white  metal  would  be  below  the  tuyeres,  so  that  the  blowing  was  on  slag,  and  the 
charge  could  not  be  blown  to  a  finieh,  yielding  copper.  This  difficulty  was  &nt  over- 
come by  removing  tbe  enriched  mstte  or  the  white  metal  to  another  converter  and 
finishing  the  blow  in  that  manner.  But  it  soon  led  to  the  adoption  by  Paul  David, 
in  1885,  of  a  cylindrical  form  of  converter  that  could  be  turned  around  its  central  longi- 


Fia.  2.^LEaH0BN  CONVBBTXK. 

tudinal  axis.  With  this  construction  the  relative  pocition  of  th«  tuyires  could  be 
changed  (raised  or  lowered),  so  that  a  variety  of  mattes  could  be  blown  in  the  same 
oonverier  and  in  one  operation.  It  also  reduced  the  blast  pressure  needed.  It  is 
this  cylindrical  form  of  converter  that  was  introduced  at  Livomo,  Italy  (known  as  the 
Leghorn  converter),  and  adopted  later  by  the  Copper  Queen  Con.  Mining  Co.  for 
its  Bisbee  worts.'" 

On  account  of  the  reduced  blast  pressure  required  by  the  horisontal 
converter  (Fig.  2),  this  form  was  generally  adopted  by  most  copper 
smelters,  whereas  the  vertical  shell  continued  in  use,  to  my  knowledge, 
only  at  the  Parrot  and  Great  Falls  works  in  Montana,  and  the  Agu&s 
Calientes  smelter  in  Mexico. 

With  tbe  adoption  of  the  magnesite-lined  converter,  the  horizontal 
cylindrical  shell  has  of  late  been  superseded  by  the  vertical  shell.  Thi3 
chaise  was  made  because  the  vertical'  cylinder  supports  the  costly  refrac- 
tory Uning  better,  and  thus  increases  its  life.    In  the  horisontal  type,  one- 
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half  of  the  lining  (neglecting  the  heads)  is  in  the  form  of  an  arched  roof, 
the  other  bei&g  an  inverted-arch  bottom,  the  two  changing  their  relative 
position  with  the  lowering  or  raising  of  the  tuyeres.  This  construction 
makes  it  very  much  more  difficult,  especially  with  the  long  Peirce-Smith 
cylinders,  to  absorb  the  internal  strains  set  up  by  the  unequal  expansion 
and  contraction  of  the  lining,  and  prevent  damage  to  the  arched  semi- 
cylindrical  or  semi-elliptical  roof. 

A  feature  of  later  converter  construction  that  impressed  me  was  the 
continued  decrease  of  the  matte  surface  simultaneously  attacked  by  the 
air  blast,  with  an  increase  in  the  size  of  the  converter  and  the  volume  of 
the  matte  charge.  The  tuyeres  were  also  constantly  increased  in  size,  to 
deliver  the  larger  quantity  of  air  required  for  oxidizing  the  iron  and  sul- 
phur with  the  necessary  speed.  This  localization  of  the  air  to  a  relatively 
small  portion  of  the  converter  is  especially  noticeable  in  the  large  20-ft, 
Great  Falls  converters  introduced  in  the  Boston  &  Montana  Reduction 
Department  of  the  Anaconda  Copper  Mining  Co.,  Great  Falls,  Mont. 
The  large  volume  of  air,  about  20,000  cu.  ft.  per  minute,  is  introduced 
along  a  strip  of  the  periphery  of  the  lining,  about  20  ft.  in  length.  The 
tuyere  orifices  are  from  8  to  15  ft.  from  the  opposite  side  of  the  converter. 
In  the  large  Peirce-Smith  converters,  this  distance  is  10  ft.  Here  the 
localization  of  the  oxidation  is  not  quite  so  pronounced,  aa  the  tuyfires  are 
spaced  over  the  enthe  length  of  the  cylinder,  from  20  to  33  ft.  inside  the 
lining,  and  a  much  smaller  air  volume  is  delivered.  In  this  case  an  in- 
crease in  the  size  of  the  converter  was  secured  by  increasing  its  length, 
which  is  as  much  as  37  ft.  2  in.  for  the  converter  of  the  Canadian  Copper 
Co.,  the  tuyeres  being  distributed  over  a  correspondingly  longer  space. 

III.  Increased  Air  Pressure  Required  for  Vertical  Side-Blown 
Converters 

I  have  already  mentioned  the  increased  blast  pressure  required  in  the 
vertical  side-blown  converter  with  a  change  in  its  position  from  the 
vertical.  If  it  is  tilted  up,  the  tuyferes  farthest  from  the  axis  around  which 
the  converter  is  turned  will  blow  on  a  shallower  matte  column  than  those 
nearer  that  axis;  and,  if  turned  down,  the  reverse  will  be  the  case.  In  a 
vertical  cylinder  turned  around  a  diametral  axis  different  points  on  its 
periphery,  lying  in  a  plane  normal  to  the  vertical  axis  of  the  cylinder, 
describe  circles  with  radii  of  different  lengths;  whereas  in  the  horizontal 
cylinder,  points  lying  in  a  line  parallel  to  the  axis  on  which  this  cylinder 
revolves  describe  circles  with  radii  of  the  same  length. 

The  extreme  height  or  depth  to  which  diametrically  opposed  sides  of  a 
vertical  cylindrical  vessel  become  submerged  or  exposed  by  a  contained 
liquid  is  shown  in  Fig.  3. 

Let   Fig.  3  represent  a  cylinder  with  diameter  D  and  area  A  » 
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r;  let  V  be  ita  contained  constant  volume  of  liquid,  and  a  and  b 

respective  minimum  aad  maximum  diametrically  opposite  heights  to 
which  the  liquid  fills  the  cylinder,  in  its  different  positions,  a  and  b  being 
equal  when  the  cylinder  is  in  the  vertical  position,  and  varying  in  length 
aa  the  cylinder  is  tilted.  In  the  figure,  the  surface  of  the  liquid  is  repre- 
sented by  the  line  BC  when  the  cylinder  is  vertical,  by  EF  when  it  is 
tilted  0  d^rees.    We  have  then 


=  constant 


a  +  b     V 


a  +  e;  ^  =•  tang  6;  and  c  =  D  tang  6 


Substituting,  we  have  b  =    a  +  D  tang  0  and 
a  +  b  =  2a  +  D  i&ng 


Therefore 


D  tang  9  _  V. 
~  ~  A 
D  tang  g 


and 


b  =a  +  D  tang  fl  = 


27 


This  formula  holds  good  only  so  long  as  a  or  ft  is  never  <  0  or  >  a  4-  fr,    ■ 
since  the  bottom  area  A  would  then  be  uncovered  by  the  liquid  and  other 
conditions  would  exist.    The  cylinder  has  here  been  considered  in  its 
simplest  form,  with  a  bottom  normal  to  its  axis.    The  inverse  conical  or    ; 
arched  bottom  used  in  practice  would  introduce  unnecessary  compUca-   ' 
tions  into  these  calculations. 

In  a  converter  with  diameter  D-16  ft.,  and  filled  to  a  height  of  3 
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ft.  with  liquid,  if  tilted  in  5-degree  steps,  a  and  b  have  the  following 
values,  in  round  numbers: 

TUted  Up  Value  of  a  Tilted  Down  Value  of  b 

6'  2.30ft.  6-  3.70ft. 

IC  1.69  ft.  10-  4.41ft. 

16°  0.86  ft.  16°  5.14  ft. 

20"  0.09  ft.  20'  6.91  ft. 

At  ff  =  20°  33'  30',  0  =  0  and  6  =  6  ft.,  so  that  if  the  converter  is 
tilted  further  "down,"  the  bottom  A  will  begin  to  be  exposed. 

For  a  converter  8  ft.  in  diameter  inside  of  lining  (which  corresponds 
closely  to  the  12  by  I9-ft.  shell  used  in  practice)  and  filled  with  liquid  to 
a  height  of  3  ft.,  A  would  not  become  exposed  until  36°  52'  (nearly),  when 
a  =  0  and  h  =  6  ft. 

This  condition  will  bring  about  &  difference  in  the  static  bead  (here- 
after denoted  H)  of  the  liquid  over  the  several  tuyeres.  Considering  the 
tuyfe-es  of  one  quadrant  only,  each  of  which  has  a  companion  tuyfere  in  the 
other  quadrant  in  the  same  relative  (symmetrical)  position,  it  will  be 
seen  that  each  tuySre  orifice  will  Move  through  a  different  arc  when  the 
converter  is  tilted,  that  of  the  tuyere  orifice  furthest  away  from  the  tilt- 
ing axis  being  longest  and  that  nearest  the  axis  being  the  shortest. 

The  variation  in  the  static  head  of  the  matte  or  "white  metal"  over 
the  different  tuyeres  during  tilting  is  illustrated  graphically  in  Fig.  4. 
The  circle  represents  the  perimeter  at  the  inner  side  of  the  lining  of  a 
vertical  convert;er  cut  by  a  plane  normal  to  the  vertical  axis  and  through 
the  centers  of  all  tuy^  orifices. 

This  plane,  in  vertical  projection,  is  seen  as  a  line  TT'.  1,  2,  3,  .  .  . 
S  are  tuy^e  orifices  equidistant  (approximately  15°  each),  which  are  pro- 
jected on  to  TT' aa  (1),  (2),  (3),  .  .  .  (6).  A  is  the  axis  around  which 
the  converter  is  tilted,  in  5°  steps,  and  to  each  radius  (AC)  the  plane  TT' 
(seen  as  a  line  in  its  vertical  projection)  is  drawn  normal.  Lines  marked 
—5°,  —10",  .  ,  .  —20*  show  position  of  TT'  when  the  converter  is 
turned  up,  and  5°,  10",.  .  .20°  show  position  of  TT' when  the  converter 
is  turned  down. 

With  radii  j4(1),  A{2),  A{3),  .  .  .  A(6)  arcs  are  drawn,  which  show 
the  path  each  tuyere  orifice  travels  when  the  converter  is  tilted  around 
axis  A.  The  intersections  of  these  arcs  with  the  lines  +5°  and  —5°, 
-1-10°  and  -10°,  .  .  .  -1-20°  and  -20°  show  the  position  of  each 
tuyere  orifice  for  a  given  angle  through  which  the  converter  is  turned. 

Lines  drawn  from  these  intersecting  points  normal  to  the  plane  TT' 
denote  the  static  head  H,  assuming  that  TT'  is  the  surface  of  the  liquid, 
which  would  have  as  datum  point  the  centers  of  the  tuyere  orifices  when 
the  converter  is  in  the  upright  position.  The  height  of  any  additional 
liquid  above  TT'  would  have  to  be  added  to  the  respective  "heads" 
for  each  tuyere  to  get  the  total  head  for  each  tuyere  below  line  TT',  and 
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the  reapective  "beads"  for  each  tuy6re  above  the  line  TT'  (  —  5°,  —10*, 
etc.)  would  have  to  be  deducted  from  the  height  of  any  additional  liquid 
above  TT'. 


Fig.  4. 

Table  I  shows  the  heads  for  the  six  equidistant  tuyeres  of  a  converter 
of  16  ft.  internal  diameter,  tilted  at  various  angles,  the  axis  of  revolution, 
X,  being  3  ft,  above  the  plane  in  which  the  tuyere  openings  are  situated. 

Table  \.— Heads  in  Feel  for  16-ft.  Converter,  X  3  ft.  Above  Tuyires 


0.760  0.700  O.eSO  0.600 

1.400  1.350  !       1.200  0.950 

2.000  1.925  1.700  1.400 

2.800  2.500  2.200  1.750 


0.8 


0.700    1      0.600 


0.350  0.200 

0.700  0.300 

0.950  0.426 

1.200  O.500 
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Table  II  gives  the  same  data  in  millimeters.  This  table  will  also  give 
the  pressure  of  a  column  of  water  of  the  height  stated  m  miilimetera. 
Since  a  column  of  water  at  4°  C,  1  m.  high  and  1  m.  (i.e.,  10,000  sq. 
cm.)  in  CFoes-section  weighs  1,000  kg.,  its  pressure  upon  each  square 
centimeter  of  base  is 

10  000     "  ^'^  ^^'  **'  ''*  °^  *°  atmosphere. 

The  pressure  due  to  different  "heads"  of  water  expressed  in  millimeters 
in  Table  II  can  therefore  be  expressed  in  kilograms  per  square  centimeter 
by  dividing  the  amounts  by  10,000;  a  water  column  10,000  mm,  or  10  m, 
high  exerting  pressure  of  1  atmosphere.  By  multiplying  the  metric 
atmosphere  by  14.2234,  the  pressure  in  pounds  per  square  inch  will  be 
obtained. 

Table  II. — Head*  in  MUUmeters  iar  IQ-ft.  (4,877-mm.)  Converter  of 
Table  I 


5°  :      22S.6  213.4  IfiS.O  162.4  106.7  i        61.0 

10°  426.7  411. S  365.8  ;      286.6  213.4  91.4 

15°  609.6  686.7  S18.2  426.7  |      289.6  129.5 

20*  792. S  762.0  670.6  533.4  I      365.8  '       152.4 

-  5°  243.8     i      228.6  213.4    [      1^.0    '       121.9  61.0 

-10"  457.2  442.0  396.2     ',      302.0     .      228.6  121.9 

Table  III. — Static  Head  of  Matte  c^  sp.  gr.  4.5,  Expressed  in  MiUimdera 
(jf  Wofer.     To  convert  into  kitograma  per  square  ceniimeter,  divide  by 

10,000.     To  convert  into  pounds  per  square  inch,  multiply  by  -   '  -^^ , 


Tuy&es    !        6'         '  10'       '        16'               20'  -5°  -10" 

1  1,029  1,920            2,743            3,666  1,096  2,067 

2  960  1,862            2,640            3,429  1,029  1,989 

3  891  1,646           2,332           3,018  960  1,783 

4  686  1,303            1,920            2,400  823  1,369 

5  480  960            1,303            1,646  649  1,029 

6  274  411               6S3              686  274              549 

Table  IV.— Same  as  Table  III,  Except  that  Specific  Gravity  of  "White 
Metal"  is  Taken  at  5.5 


1,257 

2,347 

3,353 

4,359 

1,341 

2,515 

1,174 

2,263     ' 

3,227 

4,191 

1,267 

2,431 

[,089 

2,012 

2,850 

3,688 

1,174 

2,179 

838 

1,593 

2,347 

2,934 

1,006 

1,661 

687 

1,174 

1,693 

2,012 

670 

1,257 
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Id  Tables  III  and  IV  the  heads  in  millimeters  of  water  are  multiplied 
by  4.5  and  5.S  to  secure  the  beads  in  millimeters  of  water  for  matte  and 
"white  metal"  of  that  specific  gravity. 

The  increase  in  static  ^ead  over  the  different  tuyeres  is  quite  conader- 
able,  even  if  the  converter  is  tilted  down  but  a  moderate  amount.  VTe 
have  the  following  differences  in  static  pressure  between  tuyeres  1  and  6: 
Matte,  ap.  gr.  4.5 


Tuytetl 

TuySred 

Diffnence  between 

land  6 

Kg.  pet 

Lb.  per 

Kg.  per 

Lb.  per 

Kg.  per 

Lb.  per 

Cm.' 

Sq.  In. 

Cm.» 

Sq.In. 

Cm.» 

Sq.In. 

0.1029 

1.464 

0.0274 

0.390 

0.0765 

1.074 

0,1920 

2.731 

0.0411 

0.686 

0.1609 

2.146 

•        While  Metal, 

sp. 

gr.  5.5 

0.1257 

1.788 

0.0335 

0.476 

0.0922 

1.312 

0.2347 

3.338 

0.0603 

0.716 

0.1844 

2.623 

The  above  static  heads  must  be  added  to  the  heads  due  to  the  height 
of  matte  above  the  tuyere  orifices,  being  due  entirely  to  a  tilting  of  the 
converter  and  the  consequent  change  of  position  of  tuyere  orifices  and 
their  distance  from  the  surface  of  the  liquid.  Thus  with  1  ft.  or  (nearly) 
305  mm.  of  matte  above  the  tuyere  orifices  (when  the  converter  is  in  a 
normal  position),  there  would  have  to  be  added,  expressed  in  millimeter 
of  water,  1372.5  and  1677.5  mm.  respectively  to  the  above  amounts,  for 
matte  and  "white  metal,"  or  0.13725  and  0.16775  kg.  cm.* 

Wbentumii^  the  converter  "up,"  filling  it  first  with  matte  or  "white 
metal"  305  and  610  mm.  above  the  tuyere  orifices,  we  have  the  following 
pressures: 

For  Malle,  ap.  gr.  4.5 

-5°,  1  ft.  matte,  tuy^  1  -  0.02746  at.  or  0.300  lb.  peraq.  in. 

Tuyire  6  -^007    at.  or  1 . 560  lb.  per  aq.  in. 

Difference  between  tuy&rea  1  and  6  =■  0.08225  at.  or  1. 170  lb.  per  sq.  in. 

-6°,  2ft.matte,  tuyferel  =0.1646    at.  or  2.3411b.  per  sq.  in. 

TuySre  6  -  0.2469    at.  or  3^12  lb.  per  aq.  in. 

Difference  between tuySrea  land  6  -  0.0823    at.  or  1.171  lb.  per  sq.  in. 

-10°,  2  ft.  matte,  tuyere  1  -0.0686    at.  or  0.976  lb.  per  aq.  in, 

Tuyfere  6  •■  O^lfiS^  at.  or  3.1221b.  per  aq.  in. 

Difference  =  0. 1508    at.  or  2.146  lb.  per  sq,  in, 

-5°,  1ft.  "w.  m."tuy6re  1  -  0.03.36    at.  or  0.477  lb.  per  sq.  in. 

TuySre  6  -  0.1441    at,  or  2.0601b.  per  aq.  in. 

Difference  "0.1105    at.  or  1.673  lb.  per  sq.  in. 

-10",  2  ft.  "w.  m."  tuyire  1  -0.0838    at.  or  1 .  192  lb.  per  sq.  in. 

Tuy&e  6  -  0.2682    at.  or  3 .  815  lb.  per  aq.  in. 

DifFereuce  -0.1844    at.  or  2.623  lb.  per  aq,  in. 
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When  turning  the  converter  "up,"  tuyire  1  would  be  exposed  when 
(he  shell  is  tilted  a  little  more  than  5°,  so  that  a  matte  bath  2  ft.  above 
the  tuyeres  is  required  to  keep  the  highest  tuyere  (1)  submerged. 

It  will  be  seen  from  the  above  that,  in  order  not  to  have  any  great 
pressure  differential  between  different  tuyeres,  the  converter  must  be 
ather  kept  in  a  vertical  position,  or  only  slightly  tilted  up  or  down. 
With  a  fresh  charge  of  matte,  it  is  preferably  tilted  up;  and  after  the 
charge  height  has  been  lowered  by  the  removal  of  slag  and  impurities 
(sulphur),  it  is  tilted  down. 

These  figures  clearly  indicate  how  large  an  excess  of  air  pressure 
Ifl  required  in  a  side-blown  vertical  converter — an  excess  considerably 
greater  than  the  actual  pressure  due  to  the  difference  in  static  head  at  the 
various  tuyeres,  since  the  working  pressure  must  be  some  multiple  of  the 
pressure  due  to  the  static  head  alone,  because  of  the  pressure  losses  due 
to  friction  and  velocity.  With  the  different  resistances  offered  to  the  air 
at  each  tuyere  ori&ce,  the  air  flow  will  be  concentrated  through  the  tuyeres 
of  least  resistance  and  the  diminished  air  flow  at  reduced  pressure  throi^h 
the  lower  and  lowest  tuyeres  will  cause  these  to  be  filled  with  matte  unless 
the  blast  pressure  is  considerably  increased.  This  increased  pressure  will 
increase  the  ^r  delivery  through  the  tuyeres  with  the  least  resistance  only 
up  to  a  certain  point,  the  velocity  increasing  very  much  more  rapidly  than 
the  delivray,  which  brings  about  a  drop  in  pressure  in  these  tuyeres,  an 
increased  portion  of  the  energy  in  the  compressed  air  being  represented  by 
velocity  and  friction  heads.  This  condition  tends  to  adjust  in  a  measure 
the  air  pressures  at  the  different  tuyere  orifices  to  the  static  heads  over 
them ;  but  the  power  losses  remain  unaltered. 

In  blowii^  on  a  comparatively  shallow  charge,  or  when  the  converter 
has  been  turned  down  so  as  to  blow  on  matte,  it  is  not  impossible  that  the 
tuyeres  nearest  the  rotating  axis  of  the  converter  may  be  blowing  on  slag. 
Notwithstanding  these  drawbacks,  the  advantages  of  the  cylindrical 
shell,  in  properly  securing  the  mi^nesite  linii^,  and  holding  a  large  volume 
(rf  matte  in  a  tank-shaped  vessel,  have  caused  this  type  of  converter  to  be 
preferred  to  the  horizontal  one. 

IV.  Bottom-Blown  Convbbter  with  Elevated  Tutbkb  Bottoh 

The  converter  shown  in  F^s.  5, 6  and  7  was  designed  to  overcome  these 
disadvantages  and  at  the  same  time  retain  the  valuable  features  of  the 
vertical  shell.  Fig.  5  is  a  vertical  section  through  the  center  of  the  con- 
verter; Fig.  6,  a  horizontal  section  throi^h  the  sl^  mouth;  and  Fig.  7,  a 
rear  view,  showing  the  method  of  attaching  the  riding  rings  to  the  shell. 
The  shell  is  made  from  vertical  sheets  in  rolled  sections,  riveted  together 
by  butt  straps.  To  grip  as  much  as  possible  of  the  shell,  with  the  heavy 
loads  it  has  to  hold,  and  to  prevent  unequal  stresses  and  distortion,  heavy 
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angle  irons  in  the  form  of  quadrants  hug  the  shell  over  an  arc  of  00°,  or 
one-fourth  of  the  circumference.  The  trunnions  are  bolted  to  thtae 
angle-iron  quadrants  and  receive  the  riding  rings  as  a  separate  c&sting. 
To  tilt  the  converter,  one  of  the  rings  is  provided  with  the  customary  gear- 
ing with  suitable  train  of  gears  for  reducittg  the  speed  of  the  decuic  motor 
drive  (not  shown). 


Fra.  5- 


The  particular  features  of  construction  which  distinguish  my  converter 
from  those  now  in  common  use  are:  the  elevated  tuyere  bottom  restricted 
to  a  central  portion  of  the  converter  bottom;  a  large  slag  spout  for  the 
continuous  or  intermittent  removal  of  the  slag;  and  a  copper  spout  for 
the  removal  of  "white  metal"  or  blister  copper.  The  converter  can  also 
be  used  with  a  flat  bottom,  in  which  the  tuyeres  are  restricted  to  the 
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central  poHion,  dispensing  with  the  elevated  tuyfere  bottom.  But  the 
use  of  the  Utter  has  such  obvioua  advantages  (to  be  outlined  more  exten- 
sively below),  that  the  flat-bottomed  bottom-blown  converter  20  ft.  or 
more  in  diameter  would  hardly  find  application. 

The  air  is  delivered  to  a  large  wind  box  by  a  pipe  connected  with  a 
stuffing  box  in  the  central  part  of  one  of  the  riding  rii^s,  connection  with 
the  air  main  being  made  with  the  usual  stufEng-box  glands.  The  shell 
shown  is  20  ft.  in  diameter,  15  ft.  high,  with  7-ft.  helmet.  To  reduce  the 
bearing  pressure  and  balance  the  body  safely  during  tilting,  with  a  change 
in  its  center  of  gravity,  it  is  carried  on  four  rollers  for  each  riding  ring. 


Fig.  6. — Horizontal  SEcnoNTHRoDGBSLAoMouiH  or  Converted  Shown  inFio,  5. 


The  shell  is  lined  with  magnesite  bricks,  preferably  18  in.  long  by  6  in. 
thick,  pressed  in  segments  conforming  to  the  inside  diameter  of  the  lined 
converter.  The  bricks  are  to  be  laid  in  a  mortar  made  of  finely  ground 
magnefflte  and  about  10  per  cent,  of  anhydrous  tar.  A  4-in.  space,  left 
between  the  bricks  and  the  shell,  is  filled  with  tightly  rammed  brasque. 
This  back  filling  goes  on  while  the  brick  lining  is  carried  up,  the  ram- 
ming being  uniform,  so  as  to  tighten  the  arch  bricks  equally. 

The  most  radical  departure  from  present  construction  is  the  proposed 
use  of  a  lai^e  number  of  tuyeres  of  small  cross-sectional  area,  and  confined 
to  a  central  area  in  the  converto-  bottom.    As  will  be  shown  later,  it  is 
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entirely  feadble  to  blow  "white  metal"  to  blister  copper  in  a  bottom- 
blown  converter,  provided  the  charge  is  lai^e  enough;  hence  it  is  not 
essential  that  this  tuyere  bottom  Bbould  be  raised  above  the  surrounding 
Qon-perf orated  converter  bottom;  but  the  use  of  such  a  raised  bottom 
ofFera  some  decided  advant^ea.  It  is  sdf-evident  that  this  raised  cone 
occupies  only  about  one-fourth  to  one-third  of  the  total  interior  converter 
area,  so  that  it  reduces  for  any  height  up  to  the  top  of  this  cone  the  total 
storage  capacity  of  the  converter  vessel  only  a  like  amount,  approx- 
imately. Above  the  cone  or  tuyfere  bottom,  the  entire  interior  area  is 
available  for  storing  or  holding  matte.  In  the  annular  sump,  therefore, 
many  tons  of  matte  can  be  stored.  When  blowing,  the  converter  is  of 
course  maintained  in  a  vertical  position,  and  the  height  of  the  matte 
column  above  the  tuy^e  orifices  can  be  kept  shallow,  requiring  only  a 
moderate  air  pressure.  Succes^ve  charges  of  matte  are  added,  and  the  slag 
is  either  continuously  or  intermittently  discharged  without  interrupting 
the  blowing.  For  intermittent  slag  discharge  the  converter  has  to  be 
tilted  down  but  slightly,  to  lower  the  slag  discharge  enough  for  skimming; 
and  the  difference  in  height  of  the  molten  material  above  the  tuyeres  due 
to  this  tilting  is  imperceptible  by  reason  of  the  smaller  diameter  of  the 
tuyfere  bottom.  When  a  sufficient  amount  of  white  metal  has  been  accu- 
mulated, this  is  blown  to  blister  copper,  after  the  slag  has  been  skimmed. 

V.  Shall  Tuyeres  for  Copper  Convbhtbhb   ' 

The  subdivision  of  converter  tuyeres  appears  to  be  advantageous  on 
chemical  grounds,  since  increased  contact  surface  between  the  molten 
sulphides  and  the  ostygen  in  the  blast  will  accelerate  the  burning  process. 
When  the  air  Is  concentrated  in  a  relatively  small  number  of  large  air 
currents,  a  portion  of  the  air  may  be  forced  through  the  liquid  metal  before 
the  oxygen  could  come  in  contact  with  the  impurities  to  be  burned  off. 
It  will  take  a  longer  time  for  a  large  air  current  to  get  diffused  through 
the  matte,  than  for  a  thin  stream  of  air.  The  ideal  way  of  introducing  the 
air  into  the  molten  sulphides  would  be  as  a  fine  spray,  distributed  over  a 
large  surface,  but  this  is  obviously  impractical  for  physical  reasons.  To 
prevent  excessive  power  losses  the  tuyeres  must  be  large  enough  not  to 
restrict  unnecessarily  the  flow  of  the  air.  I  believe,  however,  that  the 
present  practice  of  using  l^-in.  to  2i-in.  tuyeres  is  going  to  extremes; 
and  it  appears  that  the  limit  of  the  air  volume  that  can  be  forced  into  the 
present  side-blown  converters  has  already  been  reached  in  the  Great 
Falls  converter,  since  free  oxygen  is  found  in  the  converter  gases.  If  the 
converter  is  to  be  applied  successfully  to  the  smelting  of  pyrite  ores, 
1,000  or  even  1,500  kg.  of  air  per  minute  should  be  supplied  continuously 
to  secure  the  necessary  smelting  speed. 

Comparing  the  two  largest  aide-blown  converters,  that  of  the  Cana- 
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dian  Copper  Co.,"  which  is  a  37  ft.  2  in.  by  JO  ft.  Peirce-Smith  converter, 
with  44  tuyeres,  1,25  in.  in  diameter,  which  are  stated  to  be  7  in.  apart, 
and  that  of  the  Great  Fails  reduction  works,  20  ft.  in  diameter,  with  62 
tuyferea,  1.75  in.  in  diameter,  we  have  not  only  a  relatively  small  number 
of  air  conduits  of  lai^e  cross-sectional  area  but  these  are  all  in  close  prox- 
ipity  toeach  other  as  well,  so  that  they  impinge  only  on  a  restricted  matte 
surface.  In  my  converter,  in  lieu  of  so  few  tuyeres  of  large  cross-section 
I  would  use  from  250  to  400  (according  to  the  supply  of  air)  of  small 
area.  These  would  be  distributed  evenly  over  an  area  of  from  30  to  50 
sq.  ft.,  so  that  the  entering  air  would  be  divided  over  a  correspondingly 


large   matte  surface  and  would  rise  through  a  shallow  matte  column, 
bounded  by  a  relatively  quiescent  "ring"  of  matte. 

Fig.  8  illustrates  in  a  general  way  the  difference  in  contact  surface 
offered  by  the  air  and  matte  with  small  and  lai^e  tuyeres.  For  clearness 
of  illustration,  square  tuyeres  rather  than  circular  ones  have  been  chosen. 
In  one  case  we  have  two  0.5  in,  tuyfires,  surrounded  by  a  square  of  matte 
2.5  by  2.5  in.  =  6.25  sq.  in.;  In  the  other  case,  two  2-in.  tuyeres,  sur- 
rounded by  a  square  of  matte  5  by  5  in.  =  25  sq.  in.     Assuming  that  2.5 

'  D.  H,  Browne:  Recent  ImprovementB  and  Additions  to  the  Smelting  Haitt  of 
the  Canadian  Copper  Co.  JouTnal  o/  the  Canadian  Mining  Jtultlafa,  vol,  xv  (1912), 
through  Mining  and  Scientific  Frets,  vol-  ovi,  No.  1,  p.  54  (Jan.  4,  1913). 
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kg.  of  air  is  delivered  through  the  small  tuyeres  and  40  kg.  through  the 
large  ones,  and  that  the  matte  column  is  10  in.  high,  we  would  have  the 
following  conditions: 

For  O.S-in.-tuyires.  For  2-in.-tuy^rea. 

Tuy^e  area  0.25  sq.  in.  4  sq.  in. 

Superimposed  matte  area  6.25  sq.  in.  26  sq.  in. 

„  ..    matte    area      6.25      25      „ 

«"»'t^ire  are.    -0.25-25  ,-8.25 

Matte  column  =  6.25  by  10  =  62.5  cu.  in.  25  by  10  =  250  cu.  in. 
Weight  of  matte  column,  at  0. 08  kg.  per 

cu.  in.  =  5  kg.  20  kg. 

„   ,.     matte  volume       62.5       __„  250       „  _. 

Ratio,    .-  -i =  jT—^,  =  250  .     =  62.50 

'    tuyere  area        0.25  4 

„   ^.     weight  of  matte          5        „  20       „  , 

Ratio,          .  ui    t    "      =  o  E  =  2  ,„  =  0.5 

weight  of  air          2.5  40 

It  will  be  seen  that  the  contact  surface  of  16  0.5  in.  square  air  currents 
projected  into  the  fluid  matte  will  be,  for  each  inch  length  of  such  pro- 
jection, 32  sq.  in.,  whereas  it  is  only  8  sq.  in.,  or  one-fourth  as  much,  for 
the  lai^e  tuyere.  Likewise,  the  air  is  distributed  and  made  to  pass 
through  a  four-times  greater  weight  of  matte.  This  breaking  up  of  the 
air  into  so  large  a  number  of  streams  of  a  moderate  volume  before  it  enters 
the  molten  sulphides,  cannot  be  without  marked  effect  on  ,the  velocity 
with  which  the  oxygen  can  combine  with  the  impurities,  thus  greatly  accel- 
erating the  reactions.  It  will  also  prevent  the  throwing  out  of  the  conver- 
ter charge,  the  excessive  production  of  shot  matte  and  shot  copper,  the 
fouling  of  the  converter  mouth,  and  the  forming  of  accretions  on  it. 

The  prevention  of  noses  and  of  that  clogging  of  the  tuyeres  which 
necessitates  continued  punching,  and  an  increased  blast  pressure,  is  of  even 
greater  importance  than  an  increased  speed  in  the  reactions.  To  heat  1 
kg.  of  air  to  the  temperature  of  the  converter  contents,  1,150°  C,  requires 
in  round  numbers  300  cal.  In  the  reaction  FeS  +  30  =  FeO  +  SOj, 
there  are  developed  -24,000  +  65,700  H- 69,260  (gas);  total,  110,960 
cal.  or  jV  =  2,312  cal.  per  1  kg.  of  oxygen.  To  furnish  this  1  kg.  of 
oxygen,  about  4.4  kg.  of  air  have  to  be  supplied,  which,  requiring  300 
cal.  per  kilogram  of  air  to  be  heated,  would  absorb  about  1,320  cal.,' 

*  To  be  exact,  0.67  kg.  of  oxygen  of  the  1  kg.  in  the  4.4  kg.  of  air  enters  into  com- 
bin&tion  with  sulphur,  forming  1.34  kg.  of  SOt,  the  balance  combining  with  the  iron, 
forming  protoxide  of  iron.  We  would  therefore  have,  with  a  mean  specific  heat  per 
kilogram  of  80i  of  0.125  -|-  0.0001  t,  or,  at  1,150°  C,  of  0.240  per  kilogram,  s  beat 
coDteat  is  1  kg.  of  80,  at  1,150°  C.  of  276  cal.,  and  in  1.34  kg.  SOi,  therefore,  370  cal. 
The  3.4  kg.  of  nitrogen  eecapmg  unchanged  ae  an  inert  gas  would  carry  off,  asauming  a 
meaa  specific  beat  pec  kilc«ram  of  0.2405  -t-  0.0000214  (,  or,  at  1,150°  C,  0.26511  per 
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leaving  not  quite  1,000  cal.  available  for  other  heat  requirementa — ^in 
addition  to  the  beat  in  the  matte  (about  250  cal.  per  kilogram  of  matte)  and 
the  heat  of  formation  of  the  ferrous  singulo-silicate.' 

In  the  Thomas  steel  converter,  the  heat  developed  per  kili^am  of 
oxygen  introduced  is  nearly  double  that  developed  per  kilogram  of  oxy- 
gen in  the  copper  converter,  and  after  the  air  has  been  heated,  there  is 
also  about  2,000  cal.  available  per  kilogram  of  oxygen  introduced.  The 
high  specific  heats  and  high  melting  points  of  steel  and  of  the  extremely 
basic  lime-silicate  slag,  require  very  much  h^her  temperatures,  and  larger 
heat  supplies,  so  that  the  net  beat  surplus  is  not  ao  large  as  it  at  first 
appears.  I  have  compared  the  two  processes  to  see  in  what  they  differ, 
and  why  it  should  not  be  practicable  to  do  away  with  "punching"  the 
copper  converter. 
2  312 

The  ~'£~r  =  525  cal.  devdoped  per  kilc^am  of  air  introduced  into 

the  copper  converter,  of  which,  aa  has  been  explained,  300  cal.  are  used 
to  heat  this  air  Itself,  leaving  225  cal.  available  for  other  requirements, 
can  only  be  counted  on  after  the  0.23  kg.  oxygen  in  that  kilt^am  of  air 
has  actually  come  in  contact  with  the  iron  sulphide  and  oxidized  the  iron 
and  sulphur.  Reverting  again  to  our  comparison  of  the  0.5-in.  tuyfires 
with  the  2-in.  tuydres,  we  have  in  one  case  a  matte  prism  10  in,  high, 
w^ghing  5  kg.,  in  the  other  case  a  prism  of  the  same  height,  we^hiog 
20  kg.,  superimposed  over  each  tuyere.  Columns,  say,  only  1  in.  high, 
would  therefore  weigh  respectively  0.5  and  2  kg.  With  a  heat  content 
of  250  cal.  per  kilogram  of  matte,  we  would  have  heat  contents  respec- 
tively of  125  and  500  cal.  in  each  1-in.  matte  column.  Introducing  in  one 
case  2.5  kg.  of  air  per  minute,  we  find  that  300  X  2.5,  or  750  cal.  of  heat, 
have  to  be  transmitted  per  minute,  or  12.5  cal.  per  second,  to  heat  this 
air.    In  the  other  case,  40  kg.  of  air  will  require  12,000  cal.  per  minute. 


kilogram,  3.4  X  SOS  =  1-037  cal.  We  have  therefore  a  total  heat  absorption  by  the 
waste  gasee  of 

370  cal.  in  SO. 

1,037  ail.  in  N' 

1,407  oal., 

resulting  from  the  introduction  of  I  kg.  of  oxygen  (4-4  kg.  air,  in  round  numbere)-  It 
will  therefore  be  seen  that  87  cal.  more  heat  has  to  be  supplied  than  has  been  credited 
above,  or  about  20  cal.  per  kilogram  of  air.  Hence,  320  cal.  per  kilogram  of  air 
introduced  is  a  more  exact  measure  of  the  heat  absorption.  But  for  purposes  of  show- 
ing how  much  heat  is  needed  boUI}/  for  heating  the  air  to  lilSO"  C,  and  the  influence 
of  a  large  concentrated  air  volume  pei  tuyere  on  the  formation  of  noaee,  the  simpler 
method  of  calculation  used  above  has  been  chosen. 

*  In  the  preceding  calculations  and  those  to  follow  I  have  used  the  physical  oon~ 
stanta  aa  given  in  LandoIt-BOmstein's  Physikalitch-chemische  TabeUm,  4th  ed'  (Juliua 
Springer,  Berlin},  as  well  aa  those  given  by  J.  W.  Richards,  in  MOailuTgicai  CaUuia- 
lw>n«.     The  heat  unit  employed,  as  will  be  easily  seen,  is  the  French  kilogram-oalorie- 
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ur  200  cat.  per  second.  It  will  be  aeen  that  the  matte  columa  above  the 
small  tuyere  will  have  to  transmit  but  10  per  cent,  of  its  heat  per  second, 
to  the  entering  cold  air,  whereas  that  above  the  2-111.  tuyeres  would  have 
to  transinit  40  per  cent.  This  example  is  not  an  exa^eration.  In  the 
la^  20-ft.  Great  Falls  converter  with  2.25-in.  tuyeres,  nearly  40  kg.  of 
air  per  tuyere  per  minute  is  introduced.  It  is  quite  apparent  that  the 
matte  cannot  transmit  a  sufficient  amount  of  heat  fast  enough  to  heat 
such  a  large  volume  of  air  at  its  point  of  eniry,  and  that  the  matte  becomes 
chilled,  and  noses  are  formed  around  the  tuyere  orifice. 

During  the  second  stage  of  the  process,  when  blowing  on  "white 
metal,"  the  conditions  are  indeed  very  much  less  favorable;  since  during 
this  stage  more  heat  is  carried  away  by  the  waste  gases  than  is  generated 
by  the  burning  of  the  sulphur  to  dioxide.  This  deficiency  in  heat  must 
he  made  up  from  a  surplus  stored  in  the  "white  metal"  during  the  first 
stage  of  the  blow.  This  critical  stf^^e  in  the  copper  converter  process 
mil  be  more  fully  discussed  later. 

According  to  the  reaction  CuiS  +  20  =  Cuj  +  SOj,  there  are  devel- 
oped -  20,300  +  69,260  (gas),  or  only  48,960  eal.,  the  chief  source  of  heat, 
since  the  iron  has  been  eliminated  during  the  previous  stage. 

Thus  only      '  „      =  1,530  cal.  per  kilogram  of  oxygen, 

or  '  i'iii    "  ^^^  "*'■  P®*"  kilc^ram  of  air,  are  developed. 

From  this  it  would  appear  that  there  was  a  surplus  of  50  cal.  available  per 
Julogram  of  air  supplied  to  the  converter. 

But  the  S0»  formed  has  a  higher  specific  heat  than  the  air  (0  and  N), 
so  that  more  than  300  cal.  per  kilogram  of  air  is  carried  off  in  the  waste 
gases.  We  have  at  1,150"  C.  a  mean  specific  heat  for  SOj  of  0.36  + 
(O.O003  X  1,150)  =  0.705  per  cubic  meter,  and  a  heat  content  of 
0.705  X  1,150  =  811  cal.,  and  for   nitrogen  a  mean   specific  heat  of 

0.303  +  (0.000027  X  1,150)  =  0.334  and  a  heat  content  per  cubic 

meter  of  0.334  Xl,150  =  384  cal. 

Tlie  amount  of  heat  carried  off  in  the  waste  gases  per  kilogram  of 

oxygen  introduced  is  therefore: 

2 
In  SO.       9-™  X  811  =     563  cal. 


1,599  cid.  per  kilogram  of  oxygen. 

We  have  seen  that  only  1,530  cal.  per  kilogram  of  oxygen  is  developed; 
so  that  69  cal.  will  have  to  be  supplied  from  the  heat  stored  in  the  white 
metal.      Expressed  in  calories  per  kilogram  of  air  introduced,  we  have 
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\  ■  =  348  cal.  per  kili^ram  of  sir  developed,*  and  the  waste  gases  carry 
off   V  4    ~  364  cal.  per  kilc^atn  of  air  introduced. 

It  is  thus  evident  that  a  concentrated  air  stream  not  only  decreases 
the  speed  of  the  chemical  reactions,  but  also  has  a  pronounced  chilling 
effect.  TMs  chilling  in  itself  will  decrease  the  velocity  of  the  chemical 
process.  "The  law  that  the  velocity  of  chemical  processes,  i.e.,  the  ratio 
of  the  amount  transformed  to  the  time  required,  rapidly  increases  with 
rising  temperature,  is  quite  universal,  and  is  valid  for  chemical  processes 
of  all  kinds."'  The  two  conditions  go  hand  in  hand,  as  must  be  quite 
evident.  With  the  smaller  volume  of  air  introduced,  a  relatively  larger 
contact  surface  between  air  and  sulphide,  therefore  increased  mass  action, 
is  obtained,  so  that  this  air  is  not  only  more  readily  heated,  but  there  is 
also  secured  at  the  very  tuySre  orifice  a  relatively  larger  pr<q)ortion  of  the 
total  heat  from  the  oxidation  of  the  sulphide.  This  is  further  augmented 
in  my  converter  by  the  novel  method  of  circulating  the  matte.  With  the 
tuyere  bottom  restricted  to  a  central  portion  of  the  converter,  the  air- 
penetrated  central  matte  column  will  be  less  dense  than  the  matte  sur- 
rounding it,  which  consequently  will  flow  toward  it,  A  portion  of  the 
gas- containing  matte  will  ascend  with  the  lai^e  volume  of  gas,  overflowing  . 
at  the  surface  and  spreading  toward  the  shell  of  the  converter,* 

There  is  ther^ore  a  constant  and  automatic  migration  of  molten  sul- 
phide with  its  contained  heat  toward  the  tuyere  bottom,  when  it  comes  in 
contact  with  the  air.  Thus  the  transmission  of  heat  through  the  matte 
is  aided  by  an  actual  flow  of  fresh  matte.  In  the  side-blown  converter, 
where  the  air  rises  almost  immediately  after  it  leaves  the  tuyeres,  it  is 
bounded  on  one  side  by  the  converter  wall,  and  the  fresh  matte  supply 
comes  toward  the  tuyeres  from  the  oppo^te  side  orUy. 

It  should  be  plain  that  to  prevent  noses  and  the  clogging  of  tuyeres, 
by  avoiding  the  cblllir^  of  the  matte,  in  the  manner  here  discussed, 
namely,  by  the  use  of  a  large  number  of  small  tuyeres,  it  is  not  necessary 
to  operate  the  converter  any  hotter  than  is  now  customary.  The  action 
would  be  quite  automatic;  because  the  air  supply  per  tuy^e  has  a  definite 
relation  to  the  amount  of  heat  that  can  be  transmitted  by  the  matte 
immediately  surrounding  each  focus  of  combustion. 

*  This  should  be  350  cal.  (see  page  1089)  but  by  neglecting  more  than  one  decimal 
figure  and  using  rounded  figures,  slight  inaccuracies  result,  but  which  do  not  affecl 
the  reBUlta  appreciably,  these  errors  not  exceeding  those  introduced  with  other  faetoTS- 

'  The  PriTicipUs  (if  Inorganic  ChemUtry,  by  Wilhelm  Ostwald,  transl.  by  Alex. 
Findlay,  2d  ed.,  p.  66  (Mscmillan  and  Co.,  1904). 

'  See  my  discussion  of  the  paper  of  Meesra.  Wheeler  and  Krejd,  Oraat  Falls  Con- 
verter Practice,  in  BuUefin  No.  83,  Nov.,  1913,  p.  2648^.,  for  a  more  extensive  explan- 
ation of  the  above  phenomenon. 
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The  loiter  life  of  s  magneeite  tuyere  bottom  in  a  copper  converter 
than  in  a  Thotnaa  steel  converts  will  permit  the  use  of  smooth  tuyere 
pipes  of  either  steel  or  ct^per/and  materially  reduce  fiictional  resistance. 
These  could  be  enlarged  at  the  point  <^  entry.  As  explained  elsewhere* 
the  principal  frictional  losses  are  largely  due  to  the  partial  closing  and 
roughness  of  the  tuyfire  orifices  by  adhering  frozen  matte  and  not  so  much 
to  pipe-surface  friction.  With  such  wide  distribution  trf  the  air,  it  is 
quite  likely  that  the  blowing  can  be  done  on  shallow  matte  columns, 
and  hence  at  low  air  pressures,  without  diminution  (A  efficiency. 

VI.  Example  of  Blowinq  a  Charge  in  a  Conterteb  with  an  E)lb- 

VATED   TdyAhE  tioTTOK 

To  illustrate  the  working  rf  the  converter  with  the  elevated  tuyere 
bottom,  and  the  effect  of  the  latter  on  the  static  heads,  I  have  prepared 
Table  V,  which  is  based  on  the  following  assumptions: 

It  is  assumed  that  the  matte  has  the  composition,  Cu,  30;  Fe,  40; 
and  S,  30  per  cent.,  that  is,  it  contains  sufficient  sulphur  to  form  CutS 
and  FeS  With  all  the  copper  and  iron  present;  that  at  no  time  during  the 
blowing  of  the  matte  to  white  metal  is  there  a  deficiency  in  sulphur,  so 
that  no  metallic  copper  would  be  produced  during  the  first  stage  of  the 
process,  and  the  air  supply  to  the  converter  could  be  assumed  as  constant, 
conforming  to  the  reaction,  FeS  +  30  =  FeO  +  SO*.  For  every  pound 
of  oxygen  forced  into  the  converter,  there  will  be  oxidized,  according  to 
this  formula,  1.167  lb.  of  iron,  and  0.67  lb.  erf  sulphur,  with  the  ratio  of 
0  fi7S^  ~  ^*^^'  ^""^"K  the  second  stage,  when  blowing  the  white 
metal  to  copper,  1  lb.  of  oxygen  will  oxidize  1  lb.  of  sulphur,  according  to 
the  formula  Cu,S  +  20  =  2Cu  +  SOj. 

The  rate  of  conversion  in  Table  V  is  based  on  an  au*  supply  of  200  kg. 
of  oxygen,  corresponding  to  some  870  kg.  of  air  (about  680  cu.  m.,  or 
24,000  cu.  ft.)  per  minute.  This  weight  of  oxygen  would  oxidize  234  kg. 
of  iron  to  some  300  kg.  of  FeO  per  minute,  forming  about  425  kg.  of  dag  of 
the  composition  2FeO.SiOi,  and  133.4  1^.  of  sulphur  to  266.8  kg.  of 
SO].  In  30  min.,  this  would  correspond  to  an  elimination  of  7  (metric) 
tonsof  iron  and  4  tons  of  sulphur.  In  a  like  period  13.2  tons  of  slag  would 
be  produced,  which  alimented  by  0.3  ton  of  copper,  going  into  the  alag, 
would  bring  the  total  slag  to  13.5  tons,  containing  nearly  2J  per  cent.  Cu. 
The  specific  gravity  of  this  slag  has  been  assumed  to  be  3.5. 

The  blow  is  started  with  an  initial  charge  of  60  (metric)  tons  of  matte, 

of  4.2  sp.  gr.,  7.1  cu.  m.  (about  250  cu.  ft.)  of  which  would  fill  the  annular 

sump  up  to  the  tuy^e  orifices,  and  7.2  cu.  m.  (about  255  cu.  ft.)  would 

be  above  the  tuyere  block.     It  will  be  seen  that  instead  of  blowii^  against 

'  BulUUn  No.  83,  Nov.,  1913,  p.  2656  ff. 
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f  T^^~r  =  0.770  m.  (18.33  in.),  and  having  to  counter- 

0  770  X  4  2 
balance  a  static  head  of    '      ,^      '     =  0.323  kg.  per  square  cent^eter 

(4.6  lb.  per  square  inch),  we  only  have  to  blow  against  0.386  m.  (15.2  in.) 
of  matte  correepondiog  to  a  static  head  of  0. 163  kg.  ^er  square  centimeter 
(2.32  lb.  per  square  inch).  After  30  min.  of  blowing,  some  13.5  tons  of 
slag  (ap.  gr.  3.5)  will  have  been  formed,  occupying  some  3.S6  cu.  m.; 
and,  since  18.6  sq.  m.  (200  eq.  ft.)  is  the  area  of  the  converter  inside  of  the 
linii^  (diameter  16  ft.,  or  4.877  m.),  thie  alag  would  have  a  height  of 
3  86  0  208  X  3  5 

,  o  J.  =  0.208  m.    The  pressure  due  to  this  static  head  is    -      ,  „  = 

0.073  )^.  per  square  centimeter  (1.04  lb.  per  square  inch). 

During  the  same  30  min.,  the  elimination  of  4  metric  tons  of  sulphur 
and  7  tons  of  iron  (which  have  gone  into  the  slag)  has  caused  the  matte  to 
shrink  in  volume,  and  increase  slightly  in  specific  gravity,  so  that  its  depth 
above  the  tuyere  bottom  is  qow  only  some  0.228  m.  (9  in.),  exerting  a 
static  pressure  of  0.098  kg.  per  square  centimeter  (1.40  lb.  per  square 
inch).  But  there  is  also  above  it  a  column  of  slag,  0.208  m.  (8.2  in.) 
high,  which  exerts  a  pressure  of  0.073  kg.  per  square  centimeter  (1.041b. 
per  square  inch) ;  so  that,  before  the  slag  is  skimmed,  we  have  the  com- 
bined head  due  to  matte  and  slag  of  0.171  kg.  per  square  centimeter 
(2.44  lb.  per  square  inch).  After  skimming  the  sla^,  20  (metric)  tons  of 
fresh  matte  are  added,  which  increases  the  matte  column  from  0.22S  m. 
to  0-484  m.  (19  in.),  and  the  pressure  from  0.098  kg.  to  0.2056  kg.  per 
square  centimeter. 

During  the  blow  on  white  metal,  the  oxygen  supply  is  lowered  to  120 
kg.  per  minute,  eliminating  only  2.4  tons  of  sulphur  in  20  min.  With  the 
rapid  reduction  of  the  copper  during  this  stage,  the  specific  weight  of  the 
metal  increases  quickly,  bringing  about  a  rapid  shrinking  of  the  bath, 
80  that  the  static  pressure  drops  rapidly,  and  is  only  0.66  lb.  per  square 
inch  at  the  finish  of  the  blow. 

When  skimming  the  slag,  the  converter  is  tilted  but  slightly,  the  slag 
(about  140  cu.  ft.  after  30  nun.)  being  discharged  through  the  slag  open- 
ing on  the  side.  Blowing  is  not  stopped  while  the  slag  is  being  dischai^ed. 
To  do  this  quickly,  the  slag  cqiening  is  large  (4  ft.  wide  and  about  18  in. 
high),  so  that,  with  the  sl^  occupyii^  a  space  of  4  ft.  by  0.25  ft.  =  1  sq. 
ft.  in  the  slag  opening,  it  would  have  to  be  dischaiged  at  the  rate  of 
about  1.2  ft.  per  second  to  complete  skimming  in  2  min.  In  the  last  two 
columns,  the  pressure  due  to  static  head  has  been  multiplied  by  3  and  2, 
the  mean  of  which  would  about  correspond  to  the  actual  air  pressure 
(gauge  pressure)  required  in  operatit^  the  charge.  As  will  be  discussed 
later,  for  the  higher  columns  of  liquid  the  ratio  between  working  air 
preraure  and  static  head  will  be  more  nearly  2,  and  for  the  low  columns 
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iiiore  Dearly  3.  This  is  due  to  the  fact  that  the  various  frictional  re£ist- 
ances  offered  by  the  matte  to  the  air  by  the  tuyere  pipe  surface,  roughness 
of  the  orifice,  etc.,  are  about  the  same,  regardless  of  the  height  of  the  matte 
columu,  BO  that  with  an  increased  height  of  liquid  the  pressure  must  only 
be  increased  about  an  amount  corresponding  to  the  increase  in  static 
head.  Frictional  losses,  as  such,  will  be  lessened  with  an  increase  in  air 
pressuTR. 

VII.  The  Influence  of  Metallic  Copper  in  Mattes  on  the  Rate  op 
Elimination  op  Sulphur  in  Convbrtino 

To  satisfy  myself  that  the  elimination  of  the  sulphur  and  the  iron  in  the 
hypothetical  Table  V  conforms  to  actual  converter  practice,  I  compared 
the  iron  and  sulphur  ratios  (copper  =  100}  calculated  from  this  table 
with  those  given  in  "Table  III,  Kecalculation  of  Mathewson's  Data,  given 
in  his  Table  III,"  by  D.  H.  Browne,  Trans,  xli,  p.  312  (1911),  which  are 
based  on  samples  taken  while  blowing  a  charge  of  matte,  and  are  there- 
fore not  hypothetical.  Both  are  plotted  togethOT  in  Fig.  9,  the  curves 
based  on  the  Mathewson-Browne  data  being  marked  M. 

It  will  be  seen  that,  notwithstanding  my  assumption  of  an  ideal  matte, 
the  iron  elimination  in-this  hypothetical  blow  corresponds  very  closely  to 
that  in  actual  converter  practice,  whereas  a  striking  difference  appears  in 
the  sulphur  curve.  This  difference  is  due  to  sulphur  deficiency  in  Math- 
ewson's matte,  showing  that  metallic  copper  was  present  in  it.  A  strik- 
ing characteristic  of  the  M  sulphur  curve  is  its  fiattening  as  the  "white 
metal"  stage  is  reached,  showing  that  there  is  a  decrease  In  the  rate  of 
elimination  of  the  sulphur,  before  blowing  on  "  white  metal"  begins,  and 
that  it  approaches  the  ideal  matte  a^CuiS,  j/FeS  at  that  stage  of  the  blow. 
This  led  me  to  seek  further  for  a  satisfactory  explanation.  The  hypo- 
thetical curves  illustrate  the  conversion  process  according  to  the  formula 
xCuS,  I/FeS  +  30  =  xCuS  +  I/FeO  +  S0»,  in  which  ideal  matte  the 
cupric  sulphide  is  not  acted  upon  until  all  iron  and  the  sulphur  combined 
with  it  have  been  eliminated,  when  the  dissociation  of  the  cuprous  sul- 
phide and  the  oxidation  of  its  sulphur  begin.'" 

As  is  well  known,  mattes  do  not  conform  to  this  Ideal  composition, 
but  carry  varying  amounts  of  metalfic  copper  in  solution  or  mechanical 
suepension.  The  amount  of  metallic  copper  a  matte  can  thus  hold  is 
influenced  by  the  amount  of  ferrous  sulphide  in  the  matte— the  metallic 

">  In  Table  V,  on  which  the  curves  in  Pig.  9  are  based,  I  did  not  attempt  to  avoid 
slight  inaccuracies,  due  to  assuming  round  numbers  for  the  atomic  weights  (Cu,  64; 
S,  32;  0, 16;Fe,  56);  to  a  percental  composition  of  30  Cu,  40  Fe,  30  S,  which  does  not 
quite,  though  nearly  enough  (see  Table  VII,  columns  1,  5  and  7,  for  30  per  cent. 
copper  matte),  correspond  to  the  form  zCuiS,  ^FeS;and  to  the  deduction  of  a  portion 
of  the  copper  (0.3  ton)  which  goes  into  the  slag-  To  do  bo  would  have  made  the 
calculations  unneceeaarily  involved  and  the  presentation  of  the  subject  less  clear. 
16 
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copper  decreasing  with  a  decrease  in  ferrous  sulphide  and  an  increase  In 
cuprous  sulphide. 

Under  certain  conditions  metallic  iron  decomposes  cuprous  sulphide 
according  to  the  reaction  CuiS  +  Fe  =  FeS  +  2Cu." 
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Fio.  9. — SuLFHUB  AKD  Iron  Ratios.    Copper  =  100. 

By  a  study  of  the  researches  of  Gibb  and  Philp  and  Paul  Roentgen," 
as  well  as  of  the  chapter  on  mattes  by  Peters,"  and  the  papers  of  Van 

"  CoDBtitutioQ  of  Mattes  Produced  in  CoppN  Smelting,  by  Qibb  and  Philp- 
rran«.,  zxxvi,  p.  669  (1905). 

"Zur  Kenntnis  der  Natur  des  Kupfenteinea  (Paul  Roentgen).  MtiaBurffit, 
vol.  iii,  pp.  479  to  487  (1906). 

"  PrincipUi  of  Copper  SmeUing. 
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Liew,'*  MatbewBon,"  and  Browne,'*  I  arrived  at  the  coucluaion  that  this 
reactioD  can  be  read  in  eithw  direction — i.e.,  is  a  reversible  reaction;  the 
metallic  copper,  under  certain  conditions,  being  also  capable  of  decompos- 
iog  the  ferrous  sulphide,  and  combining  with  the  sulphur.'^ 

Gibb  and  Philp,  and  Roentgen,  found  that  with  an  increasing  pro- 
portion of  FeS  the  separation  of  metallic  copper  grew  larger,  whereas 
mattes  with  less  than  10  per  cent.  FeS  may  or  may  not  contain  metallic 
copper  in  mechanical  suspension. 

"Nor  will  CuiS  dissolve  an  excess  of  either  of  its  constituents  Cu  or 
S,  when  matte  contains  Uss  than  10  per  cent.  FeS.'"* 

This  is  'confirmed  by  Mathewson's  data.  Calculating  the  amount  of 
FeS  and  CuiS  that  could  be  formed  with  the  sulphur  present,  I  ascertained 
the  amount  of  metallic  copper  'm  that  matte,  from  which  the  metallic- 
copper  ratios,  with  Cu»S  =  100  as  a  basis,  were  figured.  Taking  as  a 
basis  his  Table  III,"  I  obtained  the  results  shown  in  my  Table  VI. 

In  this  table,  the  gradual  reduction  of  metallic  copper  with  a  decrease 
of  FeS  is  quite  noticeable,  until  practically  all  FeS  has  been  eliminated. 

Browne  says: 

"A  curiouB  point  of  resemblaace  ie  the  little  jog  or  reversal  in  the  sulphur-curve, 
which  occurs  when  the  iron  ie  reduced  to  5  per  cent.  All  the  curves  of  individuBl  blows 
show  this.  The  only  explanation  I  can  offer  ie  that  at  this  point  e,  certain  amount  of 
metallic  Copper  or  copper-nickel  separates  out  as  metal,  and,  falling  to  the  bottom  of 
the  converter,  leaves  the  sulphur  with  which  it  was  united  to  be  absorbed  by  the  over- 


"  Trans.,  jotriv,  418  (1003). 

"  Trans.,  xTxviii.  154  (1907). 

»  Trant.,  xli,  296  (ISIO). 

"  The  work  of  Bomcmann  and  Schreyer,  Das  System  CujS-FeS  {MetaUurgie,  vol. 
vi,  p.  619,  1909}  agrees  in  most  of  its  results  with  that  of  Roentgen,  and  in  the  main 
with  that  of  Hofman,  Caypless  and  Harrington,  The  Constitution  of  Ferro-Cuprous 
Sulphides,  Trans.,  xxxviii,  142,  1907).  But  it  should  be  borne  in  mind  that  these 
investigators  usually  start  with  a  variety  of  mixtures  having  different  proportions  of 
Cu^  and  PeS,  and  speculate  on  the  changes  taking  place  when  such  mixtures  are 
melted  and  cooled,  and  on  the  nature  of  the  compounds  formed,  to  account  for  the 
separatioD  of  metallic  copper  from  such  mixtures,  or  solutions.  In  practice,  the 
mattes  converted  usually  lack  in  sulphur,  so  that  either  the  copper  or  the  iron  cannot 
be  present  as  CuiS  and  FeS.  Nothing  points  to  the  presence  of  metallic  iron  in  the 
commercial  grade  of  matte.  The  fact  that  all  of  these  investigators  agree  on  the  sepa- 
ration or  the  presence  of  metallic  copper,  which  increasee  with  increasing  content  of 
FeS  to  a  certain  point,  and  then  decresees,  justifies  the  assumption  that  the  matte 
sent  to  the  oooverters  holds  metallic  copper  either  in  solution  or  suspension.  Borne- 
mann  and  Schreyer  found  that  abeady  with  8  molecular  per  cent,  of  FeS,  metallic 
copper  began  to  separate  out.  With  increasing  content  of  FeS  the  metallic  copper 
separated  out  increased  and  was  at  its  maximum  between  33  and  35.7  molecular 
per  cent,  of  FeS,  then  the  metallic  copper  decreased  gradually  with  a  further  increase 
in  PeS,  was  very  small  with  66  molecular  per  cent.,  and  with  79  molecular  per  cent. 
PeS  was  hardly  discemible- 

"Peters,  op.  cit.,  p.  402. 

'•  TroM.,  xli,  312  (1910). 
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lying  matte,  which  makes  the  matte  at  this  point  higher  in  sulphur  than  it  was  b«fore 
the  metal  separated  out."'° 

Table  VI. — Recalculalion  of  the  Data  in  Matheweon's  TtAle  III 
Relative  Elimination  oC  Iron,  Sulphur,  and  Arsenic  in  Besaemeriring  Copper- 
Mattes,  Trana.,  xxxviii,  154  to  161  (1908).     Taken  from  David  H.  Browne's  Paper: 
The  Behavior  of  Copper- Matte  and  Copper-Nickel  Matte  in  the  Bessemer  Convnter, 
Trant.,  xli,  296  to  317  (1910)  at  top  of  p.  312. 

{ Ratio  of  Met. 
Composition  Calculated  Composition  Cu  with 

I  Cu,8  -  100 

'    Cu  Pe  S  Cu,S  PeS       '   Met.  Cu.  ; 

Per  Cent.  I  Per  Cent.  '  Per  Cent.  I  Per  Cent.  '  Per  Cent.  [  Per  Cent,  j    Per  Cent. 


40.68 

29.60     ! 

24.30 

37.00' 

46.60    ■ 

11.08 

42.50    , 

27.80     ! 

22.70     i 

34.00 

43.70    i 

16.30 

49.16    1 

23.70 

22.60     1 

46.60 

37.20 

12.76 

55.86 

17.60     ■■ 

22.90    ' 

59.60 

-27.50 

8.26 

62.97    1 

12.10    1 

20.40    1 

67.60    : 

19.00 

8.97 

72.06 

6.30 

19.10 

79.00  : 

8.60     1 

8.86 

78.96 

0.90 

18.70 

90.96     1 

1.41    : 

6.20 

81.32    1 

0.40 

15.90     1 

78.36    ; 

0.63     1 

18.64 

I  believe  that,  in  the  converter,  a  portion  of  the  sulphur  that  is  com- 
bined with  the  iron,  instead  of  being  oxidized  to  SOi,  combines  with  the 
metallic  copper  to  form  CuiS,  increasing  the  amount  of  the  latter  and 
decreasing  that  of  SOi  (which  is  the  measure  of  sulphur  elimination) 
until  nearly  all  the  iron  has  been  eliminated. 

At  the  high  temperatures  used  in  metallurgy,  a  reversal  of  reactions 
frequently  occurs.  Decomposition  of  SiOj  and  re-absorption  of  the  sili- 
con by  the  steel  takes  place  in  the  Thomas  converter,  and  this  is  true,  to 
an  even  greater  extent,  of  manganese  oxide  (MnO),  which  is  re-absorbed 
as  Mn.  A  well-known  example  is  the  oxidation  of  heated  iron  to  an 
oxide  by  water  vapor,  with  the  formation  of  hydrogen.  Hydrt^en  may 
likewise  reduce  the  iron  from  its  oxide,  metallic  iron  and  water  being 
formed.     These  phenomena  are  due  to  mass  action. 

"Not  only  the  nature,  and  say,  the  temperature,  are  the  determining  faoters  for 
the  occurrenoe  of  a  chemical  process,  but  also  the  ratio  of  the  ttAilances  pretent  to  Ikt 
given  twiume  or  the  amtentratum,  as  well."  " 

Fe 
This  would  also  explain  why  in  practice  the  ratio  of  elinunation  of  - 

b  more  nearly  2,  Instead  of  1,75  (see  p.  1091).     A  portion  of  the  FeS  sul- 
phur enters  into  combination  with  the  metallic  copper,  to  be  eliminated 


"ioc.  ct(.,  p.  304. 

"  Wilhelm  Ostwald.  op.  cU.,  p.  100. 
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during  the  second  stage,  in  the  blow  on  "white  metal."  There  is,  at 
times,  also  a  certain  amount  of  iron  already  oxidized  introduced  with  the 
siliceous  flux,  which  increases  the  iron  elimination. 

The  close  agreement  between  the  hypothetical  curves  and  the  M 
curves  based  on  actual  practice,  demonstrates  also  the  correctness  of  the 
reaction  FeS  +  30  =  FeO+  SOj,  with  the  exception  above  noted  as 
caused  by  a  sulphur  deficiency,  and  the  consequent  presence  of  metallic 
copper  in  the  matte. 

VIII.  Air  Requireuents  for  Convebting  and  Power  Needed  roB 
CoupREssiNO  Air 

Table  VII  shows  the  theoretical  and  "commercial"  or  actual  air 
requirements  for  converting.  A  slightly  greater  theoretical  air  weight 
is  here  indicated,  since  it  is  assumed  that  no  metallic  copper  exists  in  the 
matte;  i.e.,  there  is  no  deficiency  In  sulphur.  The  air  we^hts  given  are 
also  applicable  to  sulphide  ores,  since  these  have  usually  other  con- 
stituents besides  copper,  iron,  and  sulphur,  which  would  diminish  the 
weight  of  air  required  per  ton  of  ore.  The  "commercial"  air  consump- 
tion and  horse-power-hours  used  in  compressing  that  weight  of  air,  as 
stated  in  columns  13  and  14,  should  be  secured  at  all  well-managed  works, 
in  converting  the  usual  mattes.  If  they  are  not  obtained,  either  there 
is  something  radically  wrong  with  the  blowing  engines,  or  air  is  need- 
lessly allowed  to  escape,  or  an  excessive  air  pressure  is  used. 

It  should  be  noted  that  no  allowance  has  been  made  for  copper  losses. 
It  is  assumed,  for  instance,  that  100  tons  of  1  per  cent,  "matte"  produce 
1  ton  of  copper. 

Carr  B.  Neel**  says  that  the  Peirce-Smith  converters  at  the  Garfield 
plant  of  the  American  Smelters'  Securities  Co.  used  from  4.86  to  4.94 
tons  of  air,  and  from  107.5  to  109.8  h.p.-hr.,  per  ton  of  copper.  Since  the 
mattes  converted  at  that  plant  probably  vary  between  40  and  45  per  cent, 
copper,  it  will  be  seen  in  columns  13  and  14  of  Table  VII  that  this  repre- 
sents good  pactice.  It  should  not  be  forgotten  that  these  converters  re- 
ceived only  from  6,000  to  9,000  cu.  ft.  of  air  per  minute  at  that  time,  so 
that  the  chances  for  air  losses  were  greater  than  if  one  converter  received 
30,000  cu.  ft.  of  air  per  minute. 

Figures  which  I  have  based  on  average  yearly  operations  at  one  of  the 
largest  copper  smelters,  with  the  old-style  acid-lined  shells  (96  by  126  in.), 
and  a  yearly  production  of  60,000  tons  of  copper,  show  an  air  consump- 
tion of  6.76  (short)  tons  and  155  h.p.-hr.  per  ton  of  copper.  This  small 
difference  of  only,  say,  45  h.p.-hr.  per  ton  of  copper,  amounts  to  2.7 
million  h.p.-hr.  per  year,  or  312  h.p.-years.    At  this  particular  plant, 


■^  Sttfintering  and  Mining  Jourrud,  vol.  xci,  No.  19,  p.  664  et  teq.  (Mftjr  13,  Iftll). 
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the  h.p.-year  cost  was,  at  that  time,  $70,  exclusive  of  intereat,  deprecia- 
tion and  amortization  on  tlie  power  equipment.  The  increased  power 
cost  amounted  therefore  to  $21,840  per  annum. 


Table  YIL—Theoreiictd  and  Commercial  Air-Requirements  for  the  Conver- 

sion  of  Matte  of  Various  Compositions 
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Column  1  of  Table  VII  gives  the  copper  content  of  an  ideal  matte, 
i.e.,  one  containing  sufficient  sulphur  to  permit  all  the  copper  to  be 
present  as  CutS,  and  all  the  iron  as  FoS.  This  composition,  and  the  air 
requirements  for  it,  are  applicable  to  pyrite,  FeSt,  also,  since  the  second 
atom  of  sulphur  is  usually  distilled  off  without  being  oxidized,  the  FeS» 
splitting  up  into  FeS  and  S,  Column  2  gives  the  sulphur  that  is  in  com- 
bination with  the  amount  of  copper  stated  in  column  1;  column  3,  the 
amount  of  CUiS;  column  4,  the  balance  of  FeS,  to  make  up  100  per  cent.; 
column  5,  the  iron;  column  6,  the  sulphur  combined  with  the  iron,  as 
stated  in  column  5;  and  column  7,  the  total  sulphur  combined  with  the 
copper  and  iron;  column  8,  the  weight  of  oxygen,  and  column  9  that  of 
air  required  pertonof"  matte  "of  the  percental  composition  stated  in  the 
previous  columns. 

In  column  10  are  given  the  metric  tons  of  air  required  per  metric  ton 
of  copper  for  mattes  with  varying  copper  content,  correspondii^  to  the 
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compositions  stated  in  the  first  7  columns.  Tlieae  are  tkeoraical  air 
requirements. 

Od  the  assumption  of  1  atm.  as  initial  or  atmospheric  pressure,  and 
1.65  atm.  (9.25  lb.  per  square  inch  gauge  pressure)  as  the  working 
pressure  required,  the  adiabatic  compression  of  1  cu.  m.  of  air  per 
hour  will  require  theoretically,  according  to  the  well-known  formula, 
about  0.02  h.p.  On  this  basis,  the  column  in  Table  VII,  showing  the 
theoretical  horae-power-hours  required  per  ton  of  copper,  and  the  follow- 
ing column,  allowing  for  the  loss  of  power  in  the  machinery  (80  per  cent, 
efficiency),  have  been  calculated  for  each  matte  of  the  composition  given. 
But  since  there  are  other  losses,  leaks,  etc.,  a  still  larger  volume  of  ur 
must  be  compressed.  Assuming  that  80  per  cent,  of  the  amouut 
indicated  by  engine  displacement  is  actually  delivered,  we  obtain  the 
figures  of  air  requirement  and  horse-power-houra  given  in  the  last  two 
columns  of  the  table.  This  represents  the  "commercial  efficiency" 
attainable  with  efficient  blowing  equipment  and  careful  operation.  The 
punching  of  tuyeres  being  entirely  eliminated,  and  the  leakage  of  air  in 
every  possible  way  prevented,  this  efficiency  in  the  delivery  of  the  air 
should  be  as  high  as  90  per  cent.,  assuming  complete  utilization  of  the 
oxygen  in  the  converter  itself. 

The  air  volume  has  been  figured  on  the  basis  of  1.25  kg.  as  the  weight 
of  1  cu.  m.  of  air,  so  that  0.8  cu.  m.  =  1  kg.  of  air. 

IX,  Cost  op  Power  to  Fcrnish  Air  Required  im  Converting 

The  power  for  blowing  being  the  chief  item  of  expense,  let  us  look  into 
the  cost  of  producing  it,  with  efficient  prime  movers.  With  good  steam 
turbines,  in  the  sizes  (upward  of  1,000  h.p.)  that  would  here  come  into 
question,  and  directly  connected,  as  they  would  be  in  this  case,  to  turbo 
blowers,  we  can  count  on  a  steam  consumption  of  12  lb.  per  effective 
horse-power-hour,  and  with  a  good  boiler  1  lb.  of  coal  will  evaporate  8  lb. 
of  water;  so  that  with  1,5  lb.  of  coal  an  effective  horse-power-hour  is 
produced.  With  oil  fuel,  an  evaporation  of  14  lb.  of  water  from  1  lb.  of 
oil  can  be  obtained  in  good  average  practice,  so  that  not  quite  0,9  lb,  of 
oil  would  furnish  one  effective  horse-power-hour.  Where  fuel  is  expen- 
sive, Diesel  engines  for  operating  the  blowing  engines  may  be  advantage- 
ously used,  since,  with  the  favorable  load-factor  of  a  continuously  op- 
erated blowing  plant,  they  would  generate,  a  horse-power-hour  for  less 
than  0.5c.,  with  fuel  oil  costing  J1.50  per  barrel  (of  330  lb.),  and 
includii^  12,5  per  cent,  interest  and  amortization  on  the  capital  in- 
vested.*' 

At  most  laige  smelting  works,  power  should  be  generated  at  a  cost  not 

"  See  my  artide,  Prindplee  of  the  Diesel  Oil  Engine,  Engineering  and  Mining 
Jmtmal,  voL  xor.  No.  17,  p,  343  (Apr.  26,  1913). 
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exceeding  Ic.  per  horse-power-hour,  which  we  may  use  as  a  basis  for  cal- 
eulatit^  the  cost  of  furnishing  the  air  for  converting.  The  h<H«e-power- 
hours  in  column  14,  Table  VII,  would  then  give  us  the  cost  in  cents  of  fur- 
nishing the  air  per  metric  ton  of  copper. 

Other  power  requirements,  for  tilting  the  converter,  etc.,  would  be 
very  sm&ll  items  per  ton  of  copper.  The  cost  of  chaif;ing  the  converta*, 
with  proper  mechanical  arrai^ements  and  equipment,  should  not  exceed 
that  of  charging  blast  furnaces,  nor  should  attendance  for  the  converter  be 
greater  than  for  the  blast  furnace. 

Moreover,  we  must  credit  the  total  operation  of  beesemerizing  and 
smelting  in  the  converter  with  the  saving  of  the  cost  of  the  previous  blast- 
furnace smelting  which  it  renders  unnecessary.  In  pyrite  smelting  about 
2,000  cu.  m.  or  2.5  tons  of  air  are  used  in  the  blast  furnace  (much  lees 
efficiently  than  in  the  converter)  per  ton  of  chaige  smelted.  The  power 
used  to  compress  this  very  much  larger  amount  of  air,  even  at  its  lower 
pressure,  is  about  one-half  that  used  in  converting  an  equal  quantity  of 
copper.  Then  there  is  the  cost  of  coke,  of  which,  in  the  average  practJce  of 
pyrite  smelting,  scarcely  less  than  5  per  cent,  of  the  weight  of  the  charge 
is  used.  At  $10  per  ton,  which  is  about  the  price  ruling  at  many  Western 
works,  this  item  alone  would  be  50c.  per  ton  of  charge  smelted. 

The  most  serious  grounds  on  which  the  practice  of  converter  smelting 
may  be  condemned,  are  the  metal  losses.  Very  likely,  it  might  be  neces- 
sary to  use  a  reverberatory  furnace  or  reverberatory  forehearth,  to  which 
all  of  the  discarded  converter  slag  would  be  run,  and  from  which  the 
entrained  copper  would  be  s^arated  by  the  occasional  addition  of 
"green"  ore.  The  low-grade  matte  thus  made  would  be  added  to  the 
converter  chaises.  The  reverb eratory-furnace  gases  would  be  passed 
under  waste-heat  boilers,  as  is  the  customary  p^acti[^e  now. 

It  should  not  be  overlooked  that  the  converter  slag  has  a  heat  content 
of  about  400  cal.  per  kilogram,  or  400,000  cal.  per  metric  ton.  As  the 
efficiency  of  the  reverberatory  furnace  (not  taking  into  consideration  the 
recovery  under  boilers  of  the  heat  of  waste  gases)  is  about  25  per  cent., 
this  heat  in  the  slag  represents  about  1,600,000  cal.  of  fuel  heat  expended 
in  the  reverberatory,  or  slightly  more  than  1  barrel  of  fuel  oil,  which  con- 
tuns  1,500,000  cal.  (nearly  6,000,000  B.t.u.).  Of  course,  the  saving  in  fuel 
that  would  result  by  having  the  slag  already  molten  would  only  be  a  por- 
tion of  the  above  amount. 

The  investment  required  for  a  converter  smelting  plant  would  be  con- 
siderably less  than  for  a  plant  with  MacDougall  roasters,  reverbera- 
tory furnaces  and  converter  department,  or  blast  furnaces  and  converter 
department. 

Where  the  gases  can  be  utilized  commercially  for  the  manufacture  of 
sulphuric  acid,  th^  have  the  advantage  of  great  concentration  of  SOi, 
without  the  admixture  of  carbon  dioxide  and  monoxide; 
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X.  The  Feeding  op  Sulphides  thkough  Convebtbh  Tuyeres 

Tbe  radical  difTerences  betweeo  tbe  converter-smelting  aud  blast- 
furnace smelting  processes  indicate  a  method  of  chargingl  sulphide  ores 
into  the  converter  unlike  that  which  is  practiced  at  blast  furnaces.  In  the 
blast  furnace,  the  shaft  is  filled  with  layers  of  ore,  flux,  and  fuel,  which 
gradually  descend  to  the  smelting  zone,  at  a  short  distance  above  the  tuy- 
eres. The  melted  portions  of  the  charge  trickle  through  portions  not 
yet  melted,  and  drop  below  the  tuySre  zone  into  the  crucible,  in  which, 
or  in  a  forehearth  outside  of  the  furnace,  the  slag  and  matte  are  separated. 
The  charge  above  the  tuyeres  acts  as  a  screen,  preventing  excessive  throw- 
ing out  of  fine  material,  and  absorbs  also  a  portion  of  the  eeosible  heat  of 
the  gases. 

In  the  converter  we  have  a  layer  of  slag  on  top  of  a  layer  of  sulphide. 
If  the  sulphide  ore  is  charged  through  the  converter  mouth,  it  must  be 
melted  and  pass  through  the  slag  into  the  molten  sulphide,  before  it  can 
be  acted  upon  by  the  aacencUi^  air  currents.  The  charging  of  pulveru- 
lent ores  and  concentrates  through  the  converter  mouth  must  be  con- 
demned also  on  account  of  the  unavoidable  mechanical  losses  and  large 
quantities  of  flue  dust  that  would  result.  It  is  evident  that  the  large 
volume  of  gases  passing  through  the  mouth  at  a  velocity  of  more  than 
2,000  ft.  per  minute  would  carry  small  particles  with  it. 

Since  it  is  desired,  not  merely  to  melt  the  sulphides,  but  also  to  decom- 
pose them,  eliminate  iron  and  sulphur,  and  retain  copper,  their  intro- 
duction in  a  finely  pulverized  condition  at  the  very  place  where  the  chem- 
ical process  takes  place,  namely,  in  the  tuyere  zone  of  the  converter, 
appears  to  offer  many  advantages.  The  process  would  not  differ  in  prin- 
ciple from  that  of  using  pulverized  coal,  blown  into  a  furnace  for  firii^ 
purposes,  or  into  a  slagging  producer  for  generating  gas,  except  that  the 
material  would  be  blown  into  a  molten  medium  and  become  absorbed 
by  it. 

The  small  particles  of  sulphide  ore  would  be  melted  very  much  more 
readily  and  rapidly,  and  being  in  intimate  contact  with  air  (oxygen), 
their  iron  and  sulphur  would  at  once  begin  to  bum  and  thus  furnish  at 
least  a  portion  of  the  heat  absorbed  in  their  fusion.  The  great  velocity 
of  this  chemical  process  would  warrant  the  expense  of  finely  grinding 
coarse  ore,  so  that  the  fines  could  be  blown  into  the  converter.  A  much 
greater  mass  of  oxygen  can  take  part  in  the  burning  process  if  the  par- 
ticles are  in  a  state  of  fine  subdivision;  and,  by  reason  of  the  greatly 
increased  mass  of  the  reacting  elements,  the  speed  of  the  reactions  would 
be  greatly  increased.  Not  only  the  increased  mass  action,  but  the  fact 
that  it  would  be  conducted  at  a  relatively  high  temperature,  would  aug- 
ment the  velocity  of  the  chemical  process.  It  would  be  a  simultaneous 
roasting,  smelting,  and  converting,  all  of  which  steps  are  now  carried  on 
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separately,  the  first  in  MacDougall  furnaces,  the  second  in  reverberatory 
furnaces,  and  the  last  in  the  converter  on  a  concentrated  ferrous-cuprous- 
sulphide. 

Temperature  inSuences  the  rate  of  oxidation  tremendoualy.  Sub- 
stances combine  with  oxygen  at  all  temperatures,  but  with  very  different 
velocitiea. 

"Tlie  higher  the  iemperature,  the  more  rapid  is  the  oombiDSitioii ;  on  tlie  other  hand, 
as  the  temperature  fallsi  the  process  becomes  slower  aod  slower,  and  soon  diminishea 
BO  as  to  be  inappreciable-'"* 

"  By  time  measurements  of  the  progress  of  many  chemical  reactions,  the  approxi- 
mate mle  has  been  obtained,  that  the  velocity  of  chemical  reactions,  on  an  average, 
is  doubled  by  a  rise  of  10"  G.  in  the  temperature.  That  is  to  say,  if  a  reaction  at  a 
given  temperature  requires,  say,  a  quarter  of  an  hour  to  reach  a  (xrtain  point,  at  a 
temperature  10°  higher  it  would  require  only  7^  minutes,  and  at  one  10°  lower,  30 
minutes.  If  the  temperature  is  towered  100°,  a  2"  »  1,024  times  longer  period  is 
necessary,  or  in  our  example,  about  11  days.  On  descending  further  60°,  or,  on  the 
whole,  only  the  moderate  amount  of  150°,  it  would  be  a  year  before  the  reaction  had 
proceeded  so  far  as  it  had  done  in  a  quarter  of  an  hour  at  the  higher  tempwature."" 

Conversely,  assuming  that  the  chemical  reaction  in  roasting  sulphides, 
for  instance,  requires  900  sec.  to  reach  a  certain  point  at,  say,  500°  C, 
according  to  the  above  rule,  the  same  reaction,  conducted  at  1,150°  C, 
would  have  proceeded  as  far  in  900  X  0.5*^  part  of  a  second  of  time.  It 
will  be  seen  that  the  expression  0.5**  conveys  such  an  Infinitesimally  smaU 
period  of  time  that  the  mind  can  hardly  grasp  it.  Tbis  expression  solved 
gives  a  fraction  with  16  zeros  to  the  right  of  the  decimal  point  preceding 
the  number  4,878  ■  .  .  Even  the  slight  increase  of  150°  C.  in  tempera- 
ture would  reduce  the  time  of  900  sec.  to  0.054931  .  .  .  sec. 

These  examples  are  merely  cited  to  show  the  powerful  infiueoce  of 
temperature  on  the  speed  of  reactions.  It  appears  desirable,  in  order  to 
accelerate  the  process  of  oxidation,  to  introduce  the  sulphides  in  a  finely 
divided  form  at  the  focus  of  the  chemical  reactions,  rather  than  melt  the 
coarse  lump  ore  slowly  and  pass  it  through  the  slag  into  the  molten  sul- 
phides below. 

Similar  considerations,  and  others  also,  would  favor  the  introduction 
of  the  siliceous  fluxing  ores  in  a  finely  powdered  condition  through  the 
tuy^es.  They  would  then  come  immediately  into  intimate  contact  with 
the  FeO,  as  the  iron  is  oxidized.  The  tendency  to  form  FejO*,  which 
appears  to  be  particularly  pronounced  at  the  low  temperatures  at  which 
the  basic-lined  copper  converter  is  operated,  would  then  probably  be 
lessened,  as  the  silica  would  be  introduced  at  the  verypoint  where  the 
iron  is  oxidized.     A  possible  explanation  for  the  formation  of  FcgOt  may 


"Wilhelm  Ostwald,  op.  cii.,  p.  66. 
»  WUhohn  Ostwald,  op.  cit.,  p.l07. 
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be  the  existence,  at  times,  at  the  tuydres,  of  a  temperature  lower  than  that 
of  the  formation  of  the  ferrous  silicate.** 

Such  practice  would  not  present  unsurmountable  mechanical  diffi- 
culties. Assuming  the  air  to  weigh  1.25  kg.,  and  the  FeS  4.8  tons  per 
cubic  meter,  and  U.5  tons  of  air  to  be  required  for  the  oxidation  of  1 
cu.  m.  FeS,  the  iron  to  FeO  and  the  S  to  SOi,  we  find  theairvolume  to  be 
more  than-9,000  times  greater  than  the  FeS  volume  which  the  air  is  to 
oxidize.  The  silica  required  to  flux  this  amount  of  iron,  to  form  2FeO, 
SiO»,  would  be  about  1.6  tons,  occupying,  at  2.3  sp.  gr,,  0.7  cu.m.,  which, 
if  added  to  the  4.8  tons  iron  sulphide,  would  make  the  combined  volume 
less  than  l-5400th  of  that  of  the  air  required  to  oxidize  the  FeS.  In 
other  words,  each  cubic  meter  of  air  would  have  to  carry  with  it  into  the 
converter  0 . 7  kg.  of  ore  mixture,  consisting  of  iron  sulphide  and  siliceous 
flux.  This  large  volume  of  air  would  be  an  efficient  carrier  of  the  finely 
ground  ore. 

Such  practice  would  also  offer  an  opportunity  of  controlling  the  proc- 
ess, especially  the  SiOj  content  in  the  alag,  the  basicity  or  acidity  of  which 
affects  the  amount  of  corrosion  of  the  magnesite  lining.  The  silica  con- 
tent could  be  controlled  by  decreasing  or  increasing  the  rate  of  feed. 
Under  this  practice,  the  slag  would  rise  up  through  the  molten  bath  with 
the  rising  gas  stream:  and,  at  an  adequate  converter  speed,  sufficient 
slag  for  a  continuous  discharge  would  be  produced. 

We  have  seen  (footnote  4,  p.  1087)  that  a  heatsurplus  of  905  cal.  is 
available  per  kilogram  of  oxygen,  after  deducting  the  heat  (1,407  cal.) 
carried  off  by  the  waste  gases  from  the  oxidation  of  the  FeS  to  FeO 
and  SOt,  and  that  1  kg.  of  oxygen  (in  addition  to  the  sulphur  oxidized) 
oxidizes  1.17  kg.  Fe  to  1.5  kg.  FeO,  forming  about  2.1  kg.  of  slag. 
This  slag  has  a  heat  content  of  about  400  cal.  per  kilogram,*'  of  which 
about  25  per  cent,  is  furnished  by  the  heat  of  formation  of  the  ferrous 
silicate,**  so  that  about  300  cal.  per  kilogram  of  slag  would  have  to  be 

"  If  magnetite  is  formed  in  the  oopper  converter,  of  which  there  seems  to  b«  little 
doubt,  it  would  be  interesting  to  know  in  what  form  it  exists  in  the  slag  or  the  converter 
contents.  Is  it  held  in  suspension,  aa  unfused  particles  or  crystals,  or  is  ita  melting 
point  lowered  by  beii  g  mixed  with  other  minerals  either  chemically  or  mechanically? 
FeiOt  has  a  high  melting  point.  Kohlmeyer  (Mett^wgie,  vol.  vi,  p.  323,  1909]  deter- 
mined it  at  1,527°  C,  that  of  FeiOi  at  1,565°  and  showed  thst,  for  these  oxides 
generally,  the  melting  point  rises  with  an  increase  in  oxygeaandia  between  1,600°  and 
1,600'  C.  The  heat  content  is  also  very  high.  According  to  Eichards's  determina- 
tions, it  is  0.1447  1  +  0.000188  t'.  Even  at  1,150°  C.  this  would  amount  to  416  cal. 
per  kilogram  of  FeiO(.  If  it  does  not  enter  into  chemical  combination  with  silica, 
as  ia  likely  the  case,  more  than  100  cal.  from  the  heat  of  formation  ot  the  ferrous 
silicate  is  lost  (per  kilogram  of  ferrous  silicate). 

"  Fayalite,  Fe.8iO,,  Q,  cold  (0°-l,040°  C),  310  cal.  latent  heat  of  fusion,  8S  cal. 
(Vogt,  through  Richards,  (oe.  eU.)- 

"  H.  O.  Hofm&n,  Traru.,  xli,  1910,  p.  508,  found  an  average  value  of  109  cal. 
per  kilogram  of  ferrous  singulo-silicate  (2FeO,SiO)). 
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furnished;  and  as  2. 1  kg.  of  slag  are  produced  from  the  oxidation  of  1-17 
kg.  Fe,  630  cal.  have  to  be  supplied  from  the  surplus  of  905  cal.  per 
kilogram  of  oxygen,  leaving  some  275  cal.  still  available.  A  risumi  of 
these  calculations,  in  tabulated  form,  here  follows: 

Heat  Balance  of  Fttrout  Sidphide,  Convertet'SmeUing  Process 

Fe8        +  30  -  FeO  +  80i 

-  24,000  66,700  +  69,260  (gas) 

-I — /- —  cal.  =  2,312  col.  developed  per  kilogram  of  oiygen. 

Proceaa  conducted  at  IjlSO"  C. 
Heal  Absorbed  Heat  Deeeloped 

1.34  kg.  SOi  @  276  cal.  -     370  cal.  Heat  of  formation  of  ferrouB 

3.40  kg.  N*  ®  30fi  cal.  -  1,037  csl.  aingulo-eilicate,  ®  100  cal.  per  kg. 

2.1  kg.  =  210  cal.  =  fl  per  cent.. 

Total  iu  waste  gases    ••  1,407  cal.  ••  66  per  cent. 

2.1  kg.  of  ferrous  singu-  Net  beat  of  oxidatioQ  (after  de- 

lo-siljcate  slag  @  400  ducting    heat    of    dec.    of    Fe8) 

cal.  -     840  cal.  =  33  per  cent.  -  2,312  cal.  =  91  per  cent. 

Surplus,  by  difference, 

for  radiation  and  other 

losses  —     27fi  cal.    —  11  per  cent. 

2,S22  cal.    -  100  per  cent.  2,522  cd.  >■  100  per  cent. 

It  is  not  safe  to  allow  less  than  100  cal.  per  kilogram  of  FeS  for  radia^ 
tion  losses,  and  as  ~4Q>r  "  1.833  kg.  FeS  take  part  in  the  above  process, 
184  of  the  275  cal.  are  lost  in  that  way,  leaving  a  final  surplus-of  91  cal. 
per  kilogram  of  oxygen  introduced,  or,  in  round  numbers,  50  cal.  per  kilo- 
gram of  FeS. 

On  the  basis  of  400  cal.  heat  content  in  1  kg.  of  slag  and  250  cal.  in  the 
cuprous  sulphide,  to  melt  every  unit  (in  thb  case  figured  as  being  i^-j 
part  of  1  kg.  FeS)  of  Cu]S  added  to  1  kg.  FeS  would  require  2.5  cal.  and 
to  melt  every  unit  of  silicate  4.0  cal.,  which  indicates  plainly  how  moder- 
ate must  be  the  amount  of  diluents  that  are  non-productive  of  heat. 
Any  iron  that  is  already  oxidized,  and  silica  that  is  no  longer  free,  but 
combined  with  ferrous  oxide,  alumina,  or  lime,  act  as  such  diluents.  The 
cuprous  sulphide,  likewise,  is  non-productive  of  heat  until  the  second  stage, 
that  of  blowing  "white  metal"  to  blister  copper,  is  reached.  While  the 
process  is  initially  started  with  molten  matte,  having  a  heat  content  of  250 
cal.  per  kilc^ram.,  this  cannot  be  counted  on  continuously,  if  the  conver- 
ter-smelting process  is  to  be  self-supporting  from  the  heat-producing  ele- 
ments in  the  ore  alone. 

The  above  data  convey  the  importance  for  the  success  of  the  process  of 
very  large  converters,  with  large  storage  capacity  for  molten  matte,  and 
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r&pid  speed  in  converting;  i.e.,  large  air  supply.  If  there  is,  for  instance, 
a  net  surplus  of  only  10  cal.  per  kilogram  of  oxygen,  with  1,100  kg,  air 
supply,  per  minute,  or  250  kg.  of  oxygen  per  minute,  there  will  be  avail- 
able a  net  surplus  of  2,500  cal.  per  minute,  whereas  with  an  air  supply 
one-half  or  one-fourth  as  large,  only  1,260  or  625  cal.  would  be  available. 
There  is,  therefore,  great  danger  that  the  rate  of  surplus  heat  supply  will 
lag  behind  the  rate  of  heat  radiaton,  and  check  the  process.  Of  such  heat 
surplus  only  about  one-third  to  one-half  goes  to  increase  the  bath  tem- 
perature, the  remainder  escaping  with  the  waste  gases,  the  temperature  of 
which  it  increases. 

The  above  calculations  point  to  the  profitable  use  of  air  enriched  with 
oxygen,  or  the  moderate  preheating  of  the  air  which  could  be  done  with  the 
converter  waste  gases,  so  that  ores  with  a  smaller  ferrous  sulphide  and 
higher  silicate  content  could  be  handled. 

The  process  is  nevertheless  under  more  perfect  control  of  the  operator 
than  any  pyrite  blast-furnace  smelting  process  can  be;  since,  by  reducing 
the  amount  of  ore  fed  or  stopping  its  supply  entirely  for  short  periods  of 
time,  he  can  draw  a  heat  supply  from  the  molten  bath.  This  bath, 
absorbing  any  excess  heat  produced  as  the  blow  progresses,  will  also  give 
off  a  portion  of  its  heat,  during  such  critical  stages  in  the  process  as  may 
occur  for  a  variety  of  reasons.  It  has  been  shown  (p.  1091)  that  about  30 
metric  tons  of  matte  can  be  stored  below  the  elevated  tuyere  bottom. 
This  lai^e  weight  of  matte,  in  addition  to  at  least  a  like  amount  stored 
above  the  tuy^  bottom,  acts  as  an  efficient  heat  accumulator  contaioit^ 
fully  15,000,000  cal.,  and  capable  of  absorbing  200,000  cal.  more,  a  lai^e 
portion  of  which  can  be  given  off  during  critical  stages  in  the  process. 
This  is  undoubtedly  one  of  the  most  important  features  that  determine 
the  success  or  failure  of  a  converter  smelting  process.  As  already  ex- 
plained, this  is  Jiol  to  be  replenished  by  fresh  matte,  after  the  applications 
are  once  started,  as  that  250  cal.  are  lost  for  every  kilc^ram  of  molten 
matte  that  is  to  be  superseded  by  ram  unmelied  sulphide  ore. 

The  velocity  of  converting  smelting,  as  well  as  the  weight  of  the  chaige 
in  the  converter,  must  be  so  great  that  radiation  losses  are  reduced  to  a 
minimum,  and  too  rapid  cooling  of  the  bath  is  prevented.  Likewise, 
excess  heat  developed  must  be  absorbed,  so  that  it  can  be  given  off  if  an 
occasional  change  in  the  ore  supply  to  one  having  a  decreased  heat  content 
(less  Fe  and  S)  should  require  it.  Such  a  large  molten  bath  acts  very 
much  like  a  flywheel,  absorbing  and  giving  off  eneigy,  which  in  thb  case 
is  in  form  of  heat. 

The  forming  of  slag  near  the  tuydre  orifices  by  this  method  of  blowing 
through  the  tuyfires  finely  ground  sulphide  ores,  with  the  requisite 
amount  of  siliceous  ore  flux,  or  concentrates  (which  always  contain  a 
certain  amount  of  silica),  makes  it  doubtful  if  punching  can  be  entirely 
avoided.     To  do  the  work  of  punching  mechanically  and  autonkaticiUly, 
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I   have  designed   a  mechanical  tuy^e-punching   apparatua,    ahready 
described  elsewhere." 

The  forgoing  remarks  r^arding  the  th^no-chemlcal  characteristicB 
of  the  eonverter  smelting  process,  demonstrate  that  a  siliceous  flux  should 
have  as  little  iron  in  combination  with  it  as  possible.  Such  iron  wculd 
furnish  no  heat,  since  it  cannot  be  further  oxidized;  and  the  heat  of  for- 
mation between  uncombiaed  SiOt  and  FeO  is  likewise  lost  if  a  silicate  of 
iron,  instead  of  free  silica,  is  used.  It  also  reduces  the  amount  of  silica 
available  for  fluxing  purposes.  In  this  respect  conditions  in  the  convert^" 
smeltii^  process  are  the  same  as  in  the  ordinary  pyrite-smelting  blast- 
furnace process,  and  demand  a  quartzose  ore,  high  in  free  alica. 

XI.  Construction  op  TiryiSRE  Bottom 

The  tuyere  bottom,  of  which  a  long  life  is  demanded,  is  naturally  one 
of  the  vital  parts  of  a  bottom-blown  converter. 

In  devising  such  a  bottom,  I  was  greatly  aided  by  a  study  of  Thomas 
steel  practice  and  a  comparative  study  of  iron  metallurgy.  Such  com- 
parisons are  always  of  value;  and  copper  metalluigbts  can  undoubtedly 
learn  much  from  the  iron  and  steel  men.  The  ingenious  designs  of  the 
American  engineer  Alexander  Jj.  Holley,  by  which  quick  renewals  of 
Bessemer  converter  bottoms  and  shells  were  made  possible,  and  helped 
early  to  make  the  Bessemer  process  a  commercial  success,  and  which  were 
applied  with  profit  to  the  Thomas  converter,  should  be  familiar  to  all 
copper  metallurgists.  Of  late  years  copper-smelting  practice  has  ap- 
proached in  scale  of  operations  that  of  iron  and  steel  works,  and  has 
adopted  some  oi  the  apparatus  commonly  used  in  steel  works. 

In  the  Thomas  converter  practice  particularly,  there  is  much  of  value 
to  the  copper  metalluigist,  because  it  uses  basic-lined  converters,  and 
has  been  developed  to  a  high  state  of  perfection  during  the  last  34  years, 
since  its  start  on  a  practical  scale  in  1879  at  the  works  of  Bolckow, 
Vaughan  &  Co.,  Middlesbrough,  England.*" 

In  the  preparation  of  the  basic  linings  made  of  dolomite,  and,  occa- 
sionally of  magnesite,  and  that  of  the  tuyere  and  needle  bottoms,  a  great 
deal  of  work  has  been  done,  since  the  success  of  this  process  depended 
principally  on  the  Ufe  and  cost  of  the  linings.  A  bit  of  interesting  history 
is  the  use  of  a  solution  of  sodium  silicate  as  a  binder  of  the  lime  lining  by 
Sidney  Gilchrist  Thomas,  when  he  prepared  his  first  experimental  con- 
verter that  could  hold  a  6-lb.  charge,*'    The  use  of  sodium  silicate  as  a 

'*  BuUetin  No.  83,  Nov.,  1913,  p.  2664  Jj". 

">  Dreissig  Jabre  Thorn  as  verfabren  in  DeuUchland,  StafU  und  EUen,  vol.  xxix, 
No-  38  (1909). 

"  SUxhl  uTid  EUen,  toe.  cU.,  and  F.  W.  Harbord,  The  MelaUurgj/  of  Steel,  2d  ed., 
p.  66. 
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binder  for  bouc  linings  in  copper  converters  is  said  to  have  been  discovered 
accidentally  at  the  Anaconda  Copper  Mining  Co. 'a  works. 

Another  interesting  historical  fact  is  the  presentation  by  Thomas,  in  a 
paper  delivered  May  8,  1879,  before  the  Iron  and  Steel  Institute,  of  his 
conclusion  that  the  elimination  of  the  phosphorus  in  the  steel  converter 
depended  mainly  on  the  preparation  of  a  highly  basic  slag  with  silica 
below  20  and  CaO{MgO)  above  30  per  cent.  Such  a  basic  slag  required, 
of  course,  also  a  basic  linii^.  He  also  recognized  at  that  early  period 
the  great  potential  value  of  the  Thomas  slag  as  a  phosphate  fertilizer." 

What  made  the  use  of  the  basic  lining  in  the  Manhte-David  converter 
a  success,  was,  aside  from  the  adoption  of  large  converters,  the  realization 
that  the  basic  lining,  to  avoid  excessive  corrosion,  demanded  a  verylaasic 
alag.  Thomas,  from  the  very  banning  of  his  operations,  started  to 
protect  the  basic  converter  lining  by  the  addition  of  basic  fluxing  mate- 
rials, ranee  it  is  very  much  cheaper  to  eliminate  impurities  by  adding  lime 
to  the  converter  charge  than  to  have  the  lining  corroded  in  furnishing 
iime  for  that  purpose.  A  moderate  amount  of  lime  might  be  a  desirable 
addition  to  the  copper  converter,  in  making  the  slag  more  fiuid  and  lighter, 
and  permitting  wider  variations  in  temperatures,  i.  e.,  higher  temperatures 
in  the  converter,  without  increasing  the  magneaite  corrosion. 

In  view  of  the  great  amoimt  of  information  collected  and  experience 
had  in  the  use  of  basic  linings  abroad,  the  employment  of  expensive  lin- 
seed oil  as  a  magnesite  binder  in  the  Peirce-Kmith  converters  seems 
somewhat  surprising.  In  Europe  anhydrous  tar  is  used  almost  exclusively 
as  a  binder  of  dolomite  or  magnesite  mortar  in  joining  bricks,  or  tamping 
into  place  the  ground  dolomite  or  magnesite.  This  tar  cakes  when  the 
molten  metal  comes  in  contact  with  it,  and  makes  a  very  desirable  and 
tight  joint.  This  practice  can  no  doubt  be  used  to  advantage  also  by 
the  copper  smelter.  I  have  heard  of  its  adoption  by  coppei^smelting 
works  in  Siberia.  The  increase  in  life  of  lining  has  been  due  chiefly  to 
the  high  pressures  used  in  making  the  dolomite  bricks,  500  atra.  being 
no  longer  uncommon. 

The  method  of  constructing  needle  bottoms  may  be  the  same  as  that 
used  in  the  Thomas  steel  industry.  The  finely  ground  magnesite  or 
dolomite  is  mixed  with  from  5  to  10  per  cent,  of  anhydrous  tar,  and  tamped 
ID  a  form  havii^  the  shape  and  diameter  of  the  desired  Iwttom.  For 
this  work  a  Versen  machine  is  usually  employed.  The  form  or  mold  is 
a  slightly  tapered  cast-iron  ring  with  a  cast-steel  bottom  plate,  which 
has  as  many  holes  as  there  are  tuyfere  openings  in  the  bottom.  The  form- 
ring  and  its  perforated  bottom  plate  rest  on  a  supporting  table,  which  is 
lowered  when  the  bottom  has  been  tamped.  There  is  also  a  plate, 
provided  with  as  many  steel  needles  as  there  are  needle  tuySre  holes  in 

"  Staid  wid  Eiten,  loe.  cH. 
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the  bottom.  These  needle  bottoms  are  made  fairly  thick,  900  mm. 
(about  3  ft.)  being  a  standard  size.  The  needles  are  made  still  longer  to 
clear  the  bottom.  Below  the  cast-steel  bottom  plate  forming  the  bottom 
of  the  form  is  a  perforated  diaphragm,  which  acts  as  a  guide  plate  to  the 
many  needles,  keeping  them  vertical  and  parallel.  The  plate  to  which 
the  needles  are  secured  is  also  guided  by  heavy  steel  rods,  and  can  be 
forced  up  or  down  by  a  feed  screw.  The  rammer  proper  is  carried  by 
a  movable  lever  arm,  and  is  mechanically  operated,  traveling  from  the 
center  of  the  form  to  its  periphery  and  back  again,  describing  concentric 
arcs  on  the  dolomite  or  magnesite  mass  while  the  form  is  gradually  being 
filled.  While  this  ramming  or  tamping  is  going  on,  the  table  on  which  the 
form  rests  revolves  continuously.  To  secure  a  uniformly  tamped  bottom, 
the  number  of  strokes  of  the  rammer  is  proportioned  to  the  diameter 
throt^h  which  the  rammer  travels  at  any  time. 

The  tuyere  needles  are  forced  into  the  rammed  mass  by  the  screw  feed, 
but  are  always  kept  several  centimeters  below  the  top  of  the  mass,  so 
that  the  hardened  steel  needle  points  are  not  damaged  by  the  rammer. 
The  finished  bottoms  resting  on  the  steel  bottom  plate  are  then  run  on 
trucks  to  kilns,  holding  as  many  as  six  bottoms  each,  and  are  burned. 
The  bottoms,  after  burning,  are  pressed  into  place  in  the  converter  by  a 
hydraulic  jack,  and  when  in  place,  the  bottom  plate  forms  the  top  por^ 
tion  of  the  wind  Ixix. 

The  size  of  the  bottoms  varies,  of  course,  with  the  size  of  the  converters. 
Those  of  the  Burbacher  Hutte,**  for  24-ton  converters,  are  1.9  m.  (75  in.) 
in  diameter,  0.9  m.  high,  and  have  253  air  holes  or  tuy^^s  15  mm.  (0.59 
in.)  in  diameter.  Those  of  the  21-ton  converters  at  the  Thomas  steel 
works  of  the  Aachener  Hutten  Aktienverein  in  Rotbe  Erde"  are  1.9  m. 
in  diameter  at  the  bottom,  and  1.825  m.  at  the  top,  are  0.9  m.  high,  and 
have  20<l  holes,  18  mm.  (nearly  0.72  in.)  in  diameter.  This  practice 
could  be  modified,  somewhat,  to  adapt  it  to  the  different  conditions  of 
copper-converter  practice.  The  tuyfere  holes  would  be  made  slightly 
lai^er,  and  conically  enlarged  at  the  bottom,  tapered  for  one-third,  and 
straight  for  about  two-thirds,  of  the  total  thickness  of  the  bottom. 
Smooth  steel  or  copper  pipes  would  be  inserted  into  these  holes,  to  avoid 
excessive  friction. 

Another  method  of  making  these  bottoms  would  be  by  means  of 
hydraulic  presses,  forcing  together  layers  of  the  ground  magnesite  minted 
with  10  per  cent,  of  tar,  and  then  burning  the  entire  bottom.  The 
holes  would  be  drilled  subsequently  in  the  hard  mass. 

It  would  not  be  necessary  to  have  this  apparatus  and  the  kilns  at 

"Das  neue  Thomasstahlwerk  der  Burbacher  HOtte,  SUM  und  Eiten,  toI- 
xxviu.  No.  46,  p.  1641  (Nov.  11,  1908). 

"  Das  neue  Thomaaetshlwerk  des  AAchener  HOtten  Aktienvereina  in  Rothe  Erde, 
Stahl  und  Eiien,  vol.  xxvii.  No.  43,  p.  1525  (Oct.  23,  1907). 
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every  works.  Since  two  sizes  of  convertera,  of,  say,  about  12  ft.  and 
20  ft.  diameter  of  shell,  would  fill  the  needs  of  most  works,  these  could  be 
made  standard,  and  each  could  have  a  etandard-sise  bottom.  A  centrally 
located  establishment  could  prepare  and  ship  to  the  different  works  the 
bncks,  bottoms,  or  ground  material.  Deposits  of  excellent  dolomite  and 
magnesite  are  available  in  California;  and  there  appears  to  be  no  good 
reason  why  the  imported  article  from  Greece  should  be  preferred,  when  it 
can  be  secured  nearer  home,  particularly  by  Western  smelting  works. 
In  such  an  enterprise  the  different  works  could  undoubtedly  co-opraate 
proEtabiy. 

The  European,  especially  tbe  German,  steel  works"  used  to  bum  their 
own  dolomite,  necessitating  kilns  and  brick-pressing  departments,  etc.; 
but  of  late  years  one  company  performing  these  operations  for  most  of 
the  steel  plants  provides  them  with  excellent  material,  and  is  also  mabled 
thereby  to  save  valuable  by-products,  which  can  only  be  done  commer- 
cially in  a  large  centrally  located  plant. 

XII.  Thbbho-Chbuistry  of  the  Manh^Datid  and  Thouab  Con- 

VGBTER  PnOCESBEB. 

The  fact  that,  in  iron  converting,  the  tuy&res  are  not  punched  while 
blowing,  as  they  are  in  copper  converting,  and  are  only  occasionally 
inspected,  led  me  to  investigate  and  compare  the  thermo-chemical  and 
physical  conditions  of  the  two  processes.  I  endeavored  also  to  ascertain 
the  reasons  for  the  early  failures  in  attempting  to  blow  white  metal  to  blis- 
ter copper  in  bottom-blown  Bessemer  convertera. 

As  a  basis  of  thermo-chemical  comparison,  I  made  use  of  the  investi- 
gations of  the  Thomas  process  by  F,  Wiist  and  L,  Laval,*'  and  of  a  hypo- 
thetical heat  balance  of  the  Manh^David  converter  by  Prof.  J.  W. 
Richards." 

The  work  of  Wtist  and  Laval  is  particularly  valuable,  as  the  first 
determination  of  the  composition  of  the  contents  of  the  Thomas  converter 

"  By  reason  ot  its  large  depoaits  of  iron  ore  high  in  phoaphorus,  Germany  profited 
more  than  any  other  country  by  Sidney  G.  Thomas's  invention,  so  that  the  Thomas 
process  has  found  its  widest  application  in  Germany,  where  the  tatftl  produirtion  of 
steel  by  the  basic  process  in  1913  probably  exceeded  17,000,000  tons,  of  which  about 
10,000,000  tons  were  made  in  the  Thomas  converters,  and  the  remainder  in  basic 
Siemens- Martin  furnaces.  Only  about  600,000  tons  were  made  by  the  acid  open- 
hearth,  and  200,000  in  the  aoid  converter. 

**  Eicperimentelle  TIntereuchung  des  Thomasproiesses,  MetaUurgie,  vol.  v,  Nos. 
15  and  16,  pp.  431-462,  and  471^89  (1908.) 

Experimenlelle  Unterauchung  des  Thorn aspro leases   (abstracted  from  Metal- 
luTirie),  SlaM  und  Eiaen,  vol.  xxix.  No.  4,  p.  121  (Jan.  27,  1909). 

"  In  chapter  xiv,  Application  of  Thermo-oheraistry,  p,  551^.  in  Peters 's  Principles 
of  Copper  Smelling. 
16 
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during  the  different  stages  of  the  process;  the  weights  of  the  impurities 
and  iron  burned  off  during  these  stages,  and  the  analysis  of  gaaea  under 
actual  lai^e-scale  operating  conditions.  This  is  a  difficult  piece  of  work, 
since  the  duration  of  a  blow  is  only  about  15  min.,  so  that  samples  have 
to  be  taken  at  very  short  intervals  of  time,  if  the  nature  of  the  reactions 
and  the  rate  of  the  elimination  of  impurities  are  to  be  determined  with 
any  degree  of  accuracy.  Silicon,  for  instance,  is  removed  to  the  extent  of 
90  per  cent,  in  less  than  2  min. 

From  9  to  10  samples  of  the  converter  contents  were  taken  (iron  and 
slag  separately),  at  intervals  of  0.5  to  2.25  min.  Gas  samples  were  taken 
for  corresponding  periods  of  blows,  from  a  number  of  converters,  and  the 
mean  of  the  gas  analyses  from  five  different  charges  was  taken  as  repre- 
senting the  composition  of  the  gas. 

From  the  data  in  the  papers  named,  I  have  prepared  Table  VIII, 
reducing  all  figures  to  a  basis  of  calories  of  heat  developed  and  expended 
per  ton  of  material  chained.  For  the  Manhte-David  process,  the  two 
stages  of  blowing  the  matte  to  white  metal,  and  the  white  metal  to  blister 
copper,  have  been  considered  separately,  basing  the  heat  balance  on 
calories  per  metric  ton  of  matte,  and  per  metric  ton  of  white  metal 
charged.  The  figures  for  the  Thomas  converter  are  those  for  lO-ton 
charges  of  pig  iron,  reduced  to  a  basis  of  1  metric  ton. 

To  secure  a  better  criterion  of  the  heat  balance  of  the  processes, 
the  heat  of  oxidation,  i.e.,  heat  developed,  and  the  heat  carried  off  in 
the  gases,  including  heat  of  decomposition  of  water  in  the  Thomas  con- 
verter, and  the  very  appreciable  heat  of  decomposition  of  the  sulphides 
in  the  copper  converter,  are  stated  by  themselves,  without  taking  into 
consideration  the  heat  content  of  the  molten  metals.  Then  the  complete 
heat  balance  follows,  including  that  item. 

Comparing  the  two  processes,  we  see  that  there  is  not  a  very  great 
difference  in  the  amount  of  heat  by  oxidation  of  the  constituents 
eliminated,  per  ton,  from  pig  iron  and  from  matte.  With  mattes,  the 
total  heat  developed  during  the  blow  to  white  metal  will  be  greater, 
the  greater  the  iron  and  sulphur  in  the  matte,  that  is,  the  lower  its  grade 
in  copper.  The  pig  iron  brings  with  it  40  per  cent,  of  the  total  heat, 
whereas  the  matte  carries  only  32  per  cent.  But  68  per  cent,  of  the  total 
heat  is  developed  in  the  copper  converter,  and  only  60  per  cent,  in  the  steel 
converter,  from  the  oxidation  of  impurities.  Neglecting  the  heat  con- 
tained in  the  molten  metals,  there  is  an  excess  of  240,000  cal.  over  heat 
expended  in  the  steel  converter  per  ton  of  pig  iron  charged,  and  only 
193,000  cal.  per  ton  of  matte  in  the  copper  converter.  Numerically, 
this  may  look  unfavorable  for  the  copper-matte  charge,  but  when  the 
greater  specific  heat  of  the  steel  and  the  very  much  higher  temperatures 
demanded  by  the  Thomas  process  (1,600°  C.  toward  the  finish  of  the 
blow)  are  borne  in  mind,  the  excess  of  47,000  cal.  per  ton  of  pig  iron 
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Table  VIII.— fieof  Balanoes  of  Thomas  (Sled)  and  Copper  Converters 
Compared 
Thom&B  Converter  Mtuihto>David  Conv«rter 


Calories  per  Ton  of  Mat»> 
rial  Charged 


Piglroo,  1,000  kg.,  Matte,  1,000  kg. 


"White  Metal" 
1,000  kg. 


Heat  developed . . 
Heat  expended . . 


633,000 
I   340,000 


Heat  in  pig  iron,  matte,  and  j 

"white  metal." ' 

Heat  of  oxidation I 


193,000       Def. 


278,000    40.0%l    260,000    32.0% 
410,000    60.0%    633,000    08.0% 


Totidbeat j    686,000  100.0%    783,000  100.0% 


Heat  in  gaaes  inc.  deoomp.  c 
H,0 


Deoompoeition  of  sulphides .  1 
Heating  of  lime,  and  carried 

away  by  slag 

Heat  in  steel,  "white  metal" 

and  blister  copper 

Radiation  and  other  loases. . 


170,000    24.8% 
(abt.  20,000  cal.). 


240,000  30.8% 

100,000  12.7% 

133,000  17.7% 

170,000  22.5% 

70,000    10.2%|    134,000  17.0% 


Total  beat 686,000  100.0%!    783,000  100.0% 


290,000     42.0% 
400,000     68.0% 


690,000  100.0% 

320,000    46.3% 

142,000    20.6% 

17,000      2.4% 

138,000    20.0% 
73,000    10.8% 


690,000  100.0% 


charged  is  seen  to  be  essential  to  the  process.  This  accounts  for  the  lai^e 
difference  in  the  heat  contents  of  the  steel  and  the  white  metal — 306,000 
cal.  and  176,000  cal.  respectively.  As  the  impurities  in  the  pig  iron  are 
burned  out,  the  melting  point  of  the  refined  metal  aa  it  gradually  ap- 
proaches the  composition  of  steel  is  continuously  raised,  and  additional 
heat  is  required  to  keep  the  bath  in  a  molten  condition.  The  pig  iron 
has  a  heat  content  of  only  about  250  to  270  cal.,  and  a  comparatively 
low  melting  point  (about  1,200°  C),  whereas  the  steel  requires  a  heat 
content  of  335  to  350  cal.  (sp.  heat  while  liquid,  0.22;  latent  heat  of  fusion 
about 35  cal.;  melting  point  between  1,560°  and  1,600°  C.,**  depending 
on  composition.)  In  Table  VIII  the  heat  content  is  expressed  per  ton  of 
material  chained.  As  only  abut  0.9  ton  of  steel  is  made  from  1  ton 
of  pig  iron  charged,  306,000  cal.  per  ton  of  pig  iron  charged  are  equal  to 

**  Melting-point  determinations  of  pure  iron  vary.  Richards  {MetaUurgieal 
CaiciUatioru,  Part  I,  p.  67)  givea  it  at  1,600°  C,  according  to  Roberta-Austen. 
Carpenter  (AfaleUlwgU,  vol.  v,  p.  679,  1908)  determined  it  to  be  1,610°.  (See 
Ernest  J.  Kohlmeier,  Melallurgit,  vol.  vi,  p.  333,  1900.)  In  lAndolt-Bfimetein's 
Phj/nkaiith-dtemiaehe  robetbn,  melting-point  determinations  made  by  a  number  of 
different  authorities  range  from  1,602°  to  1,632'  C. 
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340,000  cal.  p^  ton  of  steel  made,  or  340  cal.  per  kilt^am  of  steel. 
Likewise,  since  it  takes  from  1.5  to  1.7  tons  of  matte  to  make  1  ton  of 
white  metal,  assuming  the  matte  composition  customary  at  copper 
smelters  to-day,  the  176,000  cal.  per  ton  of  matte  charged  are  equal  to 
from  264,000  to  300,000  cal.  per  metric  ton,  or  264  to  300  cal.  per  kilo- 
gram, of  white  metal  made. 

An  interesting  condition  is  disclosed  in  the  second  period  of  the 
ManhSs-David  process,  when  blowing  the  white  metal  to  blister  copper. 
Deducting  the  heat  expended  in  heating  the  waste  gases,  and  the 
best  absorbed  in  decomposite  the  sulphide,  CutS,  into  2Cu  and  S,  from 
the  heat  of  oxidation  of  the  sulphur  to  sulphurous  acid  anhydride, 
SOj,  there  is  a  heat  defidency  of  62,000  cal.  The  heat  balance  also 
shows  that  66.8  per  cent,  of  the  total  heat  is  used  for  heating  the  gas 
and  decomposing  the  sulphide,  whereas  only  58  per  cent,  is  developed. 
This  deficiency  of  62,000  cal.,  besides  90,000  cal.  lost  by  radiation  and 
the  production  of  a  slight  amount  of  slag,  has  to  be  supplied  by  the 
heat  accumulated  in  the  molten  white  metal  during  the  preceding 
operation  of  blowing  the  matte  to  white  metal.  The  heat  balance 
discloses  the  fact  that  these  152,000  cal.  are  furnished  by  the  white 
metal,  leaving.  In  the  blister  copper  made,  138,000  cal.  per  ton  of  white 
metal  charged.  Since  about  0.8  ton  of  blister  copper  is  made  from  1  ton 
of  white  metal  charged,  the  138,000  cal.  represent  173,000  cal.  per  ton  of 
blister  copper. 

The  feasibility  of  the  second  stage  of  the  Manh^David  process  is 
due  to  a  combination  of  physical  properties  of  the  materials  handled. 
The  specific  heat  of  the  white  metal,  CujS,  is  considerably  higher  than 
that  of  copper.  At  1,200°  C.  the  mean  specific  heat  of  Cu^S  is  0.22 
(Bellati  and  Lussana),'*  so  that  its  heat  content  at  that  temperature, 
adding  25  cal.  for  the  latent  heat  c^  fusion,  is  some  290  cal.  per  kilogram. 
That  of  the  matte  is  probably  not  far  from  that  of  the  white  metal. 
The  ^ecific  heat  of  copper  at  its  meltii^  point  is  very  materially  less 
(0.133,  Richards)'"  and  its  heat  content  at  the  melting  point,  1,085°  C, 
is  162  cal.  (Richards)  per  kilogram.  From  170  to  175  cal.  per  kilc^am 
of  blister  copper  will  keep  this  in  a  molten  condition  at  a  safe  temperature 
(about  60°  to  100°  C.)  above  its  melting  pcunt.  Then  we  have  in  the 
copper  converter  the  very  reverse  of  the  conditions  in  the  steel  converter, 
wherean  increase  of  heat  must  be  provided  for  the  steel  to  be  made  from 
the  pig  iron,  while  in  the  copper  converter,  we  g^n  heat  from  the  change 
of  the  CuiS  into  copper,  as  follows:  1.25  kg,  of  CujS  contains  290  X 
1.25  =  362.5  eak  is  converted  to  1  kg.  of  blister  copper,  requiring  only 
175  cal.  to  keep  it  fluid— a  gain  of  187.5  cal.  per  kilogram  of  copper. 

"  Through  Richards,  loc.  cU. 

^'Landolt,  op.  cU.,  gives  the  specific  heat  of  liquid  copper  at  1,084°  C.  as  0.15S63 
(Glafler),  and  of  solid  copper,  at  from  26'  to  148°  C,  as  0.11064. 
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Since  this  amount  is  furnished  by  1.25  kg.  of  CutS,  it  represents  140  cal. 
per  kilogruQ  of  CutS.  If  the  original  heat  was  270  instead  of  280 
cal.,  the  net  gun  becomes  130  cal.  (There  is,  of  course,  an  additional 
source  c^  heat  in  the  oxidation  (A  the  S  to  SOt.) 

This  libwation  of  130  or  140  cal.  by  each  kilogram  of  CuiS  in  its 
transformation  into  copper,  is  available  for  other  heat  requirements  than 
that  ot  keeping  the  copper  liquid.  If  there  are  no  compensating  heat 
losses  (radiation,  heat  in  waste  gases,  alag)  and  absorptions,  the  cop- 
per m^  become  greatly  overheated.  In  converting  with  great  speed 
this  can  easily  happen,  through  the  rapid  accumulation  of  the  heat 
increment. 

We  have  previously  seen  (p.  1089)  that,  when  only  the  theoretical 
amount  of  oxygen  is  used  and  no  free  oi^gen  escapes  with  the  gases,  the 
quantity  of  heat  carried  oS  by  the  waste  gasee  for  every  kilc^ram  of  air 
intj-oduced  is  about  16  cal.  In  excess  of  the  net  heat  of  oxidation  devel- 
oped; and,  since  870  kg.  air  are  required  theoretically  (see  Table  VII, 
column  9)  to  convert  1  metric  ton  of  CuaS  into  0.8  ton  of  copper,  thb 
deficiency  is  only  13,000  to  14,000  cal.,  but  an  increase  of  only  130  kg. 
of  air  would  bring  it  up  to  62,000  o&l.,  the  amount  given  in  the  heat 
balance,  Table  VIII,  which  was  deduced  from  an  entirely  different  source 
of  information.  There  is,  moreover,  90,000  cal.  to  be  provided  for  radia- 
tion losses,  and  any  heat  carried  away  in  whatever  slag  may  be  skimmed 
oCf. 

Supposing  no  excess  of  air  above  the  theoretical  oxygen  requirements 
to  be  introduced,  and  deducting  the  16  cal.  more  of  heat  carried  off  by  the 
waste  gases  than  is  developed  by  the  oxidation  of  the  sulphur,  there  are 
liberated  about  100  to  126  cal.  per  kilogrfjn  of  white  metal  in  its  eon- 
version  to  blister  copper,  makiiig  available  for  other  uses  from  100,000  to 
125,000  cal.  per  ton  of  white  metal  chaiged.  The  white  metal,  therefore, 
does  not  have  to  be  very  much  overheated  during  the  first  stage  of  the 
process  to  carry  it  through  the  more  critical  second  sti^e. 

While  the  bath  temperature  will  increase,  if  no  excess  of  air  is  passed 
through  it,  its  overheating  is  checked,  to  a  certain  extent,  by  the  increase 
in  the  specific  heat  of  the  converter  gases  and  the  metal,  so  that  an 
increased  amount  of  heat  is  carried  off  by  the  gases.  It  may  be  stated, 
from  approximate  estimates,  that  in  lieu  of  increasing  1°,  the  bath  tem- 
perature increases  only  one-third  that  amount,  the  greater  heat  carried 
off  by  the  gases  reducing  by  two-thirds  the  increment  in  temperature. 

.  This  critical  stage  in  the  Manhfe-David  process  explains  the  early 
failures  of  blowing  white  metal  to  blister  copper  in  a  bottom-blown 
(Bessemer)  converter.  The  foregoing  thermo-chemical  data  demonstrate 
also  that  white  metal  can  be  brought  to  blister  copper  in  a  bottom-blown 
converter,  provided  the  chaise  of  white  metal  is  sufficiently  large,  and  the 
converting  is  done  rapidly  enough  to  generate  and  store  sufficient  heat 
to  supply  the  different  heat  losses  occurring  during  that  stage.         , 

logic 
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To  keep  the  tuy£d-es  open,  the  necessity  of  Bubdividing  the  air  currents 
and  reducing  the  weight  of  air  per  minute  per  tuy^e,  exists  to  a  greater 
extent  during  this  stage  than  in  blowing  on  matte,  since  the  air  must  be 
heated  principally  by  direct  contact  with  the  copper,  when  the  latter  has 
been  brought  down  into  the  tuy^  region,  and  its  heat-producing  impuri- 
ties (in  the  main,  sulphur)  have  been  buraed  out. 

It  does  not  make  much  difference  whether  this  copper  is  oxidized  to 
CuO  or  CujO,  the  molecular  heats  of  formation  of  which  are  37,700  and 
43,800  cal.  respectively,  or  590  and  342  cal.  per  kilogram  of  copper,  de- 
pending on  whether  CuO  or  CujO  is  formed.  Expressed  per  kilogram  of 
oxygen,  this  is  2,356  and  2,738  cal.  respectively,  or  540  and  625  cal.  per 
kilogram  of  air  introduced,  which  is  240  and  325  cal.  (seep.  1088^.)  more 
than  is  needed  to  heat  that  amount  of  air  from  0°  to  1,150°  C.  A  like 
amount  of  heat  will,  of  course,  be  absorbed,  when  the  oxides  react  with 
the  sulphides,  so  that  this  heat  of  oxidation  cannot  be  reckoned  as  being 
available. 

The  clogging  of  the  tuyeres  in  the  very  small  copper  converter  during 
this  second  stage  was,  perhaps,  not  due  so  much  to  the  "chilling  of  the 
copper"  (usually  assigned  as  the  reason  for  the  first  failures  in  applying 
Bessemer's  bottom-blown  converter  to  the  conversion  of  white  metal  to 
blister  copper)  as  to  the  fact  that  the  copper  oxides  formed  required  very- 
much  more  heat  content  than  the  copper,  to  keep  them  molten.  The 
specific  heats  of  these  oxides,  even  at  very  low  temperatures,  point  to  that. 
I  was  not  able  to  find  a  determination  of  the  specific  heats  of  these 
oxides  at  1,100°  or  1,200°  C,  except  a  determination  by  R^piault  (through 
Richards)  of  0.142  for  temperatures  between  12°  and  98"  for  CuO,  which 
points  to  a  high  specific  heat  at  higher  temperatures.  It  is  therefore 
quite  likely  that  a  portion  or  all  of  the  surplus  heat  of  oxidation  (after  the 
air  had  been  heated)  would  be  absorbed  by  the  oxides  formed,  and  yet  be 
insufficient  to  keep  these  molten,  and  atop  their  reactions  with  the  cuprous 
sulphide. 

In  a  large  converter,  especially  of  the  type  I  propose,  the  air  weights 
entering  through  the  tuyeres  are  so  moderate,  and  are  distributed  over  so 
large  a  matte  surface,  that  with  the  shallow  bath  and  the  nearly  equal 
specific  gravities  of  the  cuprous  oxide  and  sulphide,  every  opportunity 
is  ^ven  for  a  conmiingling  of  the  two  and  bottom  blowing  appears  en- 
tirely feasible,  even  if  the  elevated  tuyere  bottom  were  discarded  for  a 
flat  bottom. 

According  to  WUst  and  Laval  there  is  also  a  critical  stage  in  the  Thomas 
process,  which  occurs  from  4  to  5  min.  after  starting  the  blow,  and  during 
which  the  available  excess  heat  developed  is  so  small  that  it  renders  the 
success  of  the  process  questionable,  if  the  metal  bath  had  not  been  super- 
heated previously  (by  the  burning  of  the  silicon  and  a  portion  of  the  car- 
bon) so  as  to  act  as  an  accumulator  of  heat,  which  is  given  off  during  this 
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critical  period.  This  condition  resemblea  very  closely  tbat  of  blowing 
matte  to  white  metal,  and  storing  the  heat  excess  developed  during  this 
stage  in  the  white  metal,  which  then  hberates  it  and  helps  the  process  over 
the  critieal  stage  of  the  following  period. 

After  the  ^licon  has  been  bumed  off,  the  iron  begins  to  be  oxidized  to 
FeO  in  increasing  amount.     The  phosphorus  in  the  p^  iron  is  contained 
as  a  phosphide  of  iron,  FeiP,  held  in  solution  in  the  iron.     The  FeO 
formed  reacts  with  this  phosphide,  according  to  the  formula: 
5FeO  4-  2FeaP  =  PiOo  +  llFe 

The  oxidation  of  the  phosphorus  furnishes  the  necessary  heat*'  to  create 
the  high  temperatures  needed  to  eliminate  the  phosphorus.  The  lime- 
silicate  slag,  containing  about  60  per  cent.  CaO,  is  exceedingly  viscous  and 
has  a  high  melting  point  and  heat  content,  between  530  and  550  cal.  In 
copper  converting,  the  slag  contains  about  400  cal.  only. 

Xni.  Relative  Rate  of  FIliuination  or  Impurities  in  the  Manh^b- 
David  and  Thouas  Processes 

Table  IX  shows  the  rate  of  elimination  of  impurities  from  a  10-ton 
charge  of  pig  iron  in  a  Thomas  converter,  as  calculated  from  the  data 
given  in  the  paper  by  WQst  and  Laval.  **  It  will  be  seen  that  the  average 
rate  of  elimination  of  impurities  is  97.5  kg.  per  minute,  for  charge  I, 
and  131.0  kg.  per  minute  for  charge  II,  or  a  mean  of  114  kg.  per  minute. 
In  addition  to  the  1,462  to  1,860  kg.  of  impurities  eliminated,  there  is 
added  to  the  charge  lime  amounting  to  from  14  to  17  per  cent,  of  the 
treight  of  the  charge  of  pig  iron,  so  that  in  about  15  min.  from  2.8  to 
3.56  tons  of  material  are  eliminated.  In  a  25-ton  converter  the  weight 
of  the  impurities  eliminated  is  about  2.5  times  greater,  or  250  to  325  kg. 
per  minute,  or,  with  the  lime  added,  from  5  to  8  tons  in  15  min. 

In  the  copper  converters  at  the  Garfield  smelter  the  weight  of  the 
iron  and  sulphur  eliminated  per  minute  is  about  67  and  34  kg.  respectively, 
and  in  the  Great  Falls  converter  about  180  kg.  iron  and  90  kg.  sulphur  per 
minute,  from  which  it  will  be  seen  that  we  are  only  approaching  now  in 
copper  converting  a  speed  which  has  not  been  out  of  the  ordinary  in  steel 
converters  for  a  number  of  years  past. 

In  view  of  the  variations  in  the  iron  and  sulphur  content  of  mattes 

"  The  high  temperature  toward  the  last  stage  of  the  Thomaa  proeeea  ino-easea 
the  loss  o(  troD,  which  goes  into  the  slag  eis  an  oxide  (FeO)-  This  loaa  is  considerable, 
Bmountmg  on  the  average  to  about  3  per  cent,  of  the  pig-iroD  charge,  so  that  the  baaic 
open-hearth  process  ia  being  adopted  more  extensively,  which  eliminates  the  impurities 
equally  well,  and  in  which  the  oxygen  ia  partly  furnished  from  the  iron  ores  charged 
with  tbe  pig  iron.  Moreover,  Thomas  atcel  usually  has  a  higher  phosphorus  content 
than  basic  open-hearth  steel,  about  0.06  as  compared  with  0-03  per  cent-  {Slahl 
und  Sistn,  vol.  xxix,  No.  4,  Jan.  27, 1900,  p-  133-) 
"  Op-  cU. 
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treated,  and  the  different  combining  weight  of  oxygen  with  different 
elements,  I  propose  that  the  capacity  of  a  converter  be  stated  by  naming 
the  amount  of  oxygen  or  air  in  kilograms  or  pounds  that  is  pumped  into 
the  converter.  This  can  be  the  oidy  correct  measure  of  converter 
capacity,  permitting  comparisons  between  different  plants. 

Tablb  IX. — Elimination  of  Impurities  in  Iron  in  the  Thomas  Sted  Converter 


In  the  reaction 


5FeO  +  2Fe)P  =  P,0|  +  llFe, 


Pig 
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P  to  PjOi 

Mn  to  MnO 


stated  above,  50  (weighing  80)  oxidizes  only  2F  (weighing  62),  but  5Fo 

(weighing  280);  i.e.,  to  oxidize  !  kg.  of  P  requires  -s  =1.29  kg.  O,  and 

62  280 

1  kg,  0  oxidizes  only  ^  =  0.775 1^.  P,  whereas  ^j;  =  3.5  kg.  Fe  combine 

with  1  kg.  0,  and  ^^.  =  0.286  kg.  0  is  required  to  burn  1  kg.  Fe.     In 

other  words,  1  )^.  oxygen  will  oxidize  4.52  times  as  much  iron  as  phos- 
phorus. To  emphasize  the  importance  of  the  effect  of  the  different 
oxygen  requirements  of  the  elements  to  be  eliminated  upon  the  rate  of 
elimination  or  speed  of  converting,  the  following  figures  are  subjoined. 

Steel  Converter 

CtoCO  Xkg.  C     requires   1.33    kg.  O 

1kg.  0     bums      0.75    kg.  C  to  CO 

CtoCO,  1kg.  C     requires   2.67    kg.  O 

1  kg.  0     burns       0.375  kg.  C  to  CO, 

Si  to  SiO,        1  kg.  Si    requires  1 .  125  kg.  O 

1  kg.  O     bums      0.89    kg.  Si  to  SiO, 
1  kg.  P  ■  requires   1 .  29    kg.  0 
1  k«.  0     bums       0.775  kg.  P  to  PjOs 
1  kg.  Mn  requires  0.29    k^.  0 
1  kg.  0     bums      3.44    kg.  Mn  to  MnO 
Copper  Converter 

FetoFeO       1  kg.  Fe    requires  0.286  kg.  0 

1  1^.  0     bums      3.5     kg.  Fe  to  FeO 

S  to  SO,  1  kg.  S      requires  1         kg.  0 

1  kg.  0     bums       1         kg.  S  to  80, 

Cu  to  CuO      1  kg.  Cu  requires  0.25    kg.  O 

1  kg.  O     burns       4.00    kg.  Cu  to  CuO 

CutoCuiO     Ikg.Cu  requires   0.125kg.  0 

1kg.  0     burns       8.00    kg.  Cu  to  CuiO 

It  will  be  seen  that  the  oxygen  requirements  of  th^  elements  to  be 
burned  off  are  considerably  greater  in  the  Thomas  than  in  the  copper 
converter,  so  that  a  relatively  much  greater  weight  of  oxygen  (air)  has 
to  be  supplied  to  the  former,  to  bum  off  an  equal  weight  of  impurities. 
This  accounts  for  the  large  air  weight  used  in  modern  steel  converter 
plants — namely,  more  than  1,000  kg.  airperminutefor  25-ton  converters. 

By  a  proper  distribution  of  the  air,  I  look  for  the  use  of  greatly  increased 
air  weights  in  copper  converters. 

It  is  evident  that  by  stating  the  air  weight  used  in  a  converter,  its 
capacity  is  also  fixed,  since  the  ^r  or  oxygen  is  used  according  to  chemical 
taws. 
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(The  following  atomie  weights  were  used  in  figurii^  the  weight  of 
oxygen  required  for  different  elements:  C,  12;  Si,  28.4;  P,  31;  Mn,  55; 
Fe,  56;  S,  32;  Cu,  64;  O,  16.) 

XIV.  Advantaobb  of  Laboe  Convebtbrs 

The  advantages  of  large  converters  with  a  high  rate  of  speed  in  con- 
verting may  be  Bumraed  up  as  follows: 

1.  Smaller  capital  investment  for  plant.  It  is  apparent  that  a  20-ft. 
converter  to  which  air  is  supplied  at  the  rate  of  I  ton  or  more  per  minute, 
80  that  it  will  do  the  work  of  three  to  four  converters  with  proportionally 
smaller  air  supply,  will  cost  materially  less  for  the  installation  of  apparatus 
and  buildings. 

2.  Decreased  operating  cost. 

3.  Decreased  power  cost,  since  blowing  can  be  done  on  shallow  charges 
with  lower  air  pressures, 

4.  Reduction  of  air  losses  by  using  only  one  or  two  very  large  con- 
verters instead  of  a  number  of  smaller  ones,  and  by  eliminating  the 
punching  of  tuy^es  and  tuyere  valves. 

5.  Further  saving  in  installation  cost  of  converter  plant  and  in 
operating  coat  by  substituting  electrically  operated  matte-ladle  cars  for 
the  traveling  cranes  now  commonly  used. 

The  use  of  ladle  cars  is  undoubtedly  the  coming  practice  for  charging 
converters.  The  siliceous  ores  can  be  charged  from  chutes  placed  above 
the  converter  mouths,  on  the  side  of  the  converter  building  aisle,  and 
supplied  by  larries  or  conveyors.  As  the  basic-lined  converters  are 
stationary  furnaces,  and  are  lined  in  place,  the  large  powerful  traveling 
cranes  are  no  longer  needed,  since  the  shells  are  no  longer  lifted  from  the 
stands  and  carried  to  the  relining  department. 

I  have  before  me  designs  of  a  ladle  car  with  ladle  capable  of  holding 
25  tons  of  matte.  The  entire  car  weighs  50  tons  when  loaded.  The 
ladle  is  tilted  electrically  by  a  direct-current  10-h.p.  motor;  and  the  car 
is  propelled  by  a  25-h.p.  direct-current  motor,  from  a  cab  in  front  of 
the  car.  Its  speed  is  300  ft.  per  minute,  gat^e  standard  (4  ft.  S^  in.). 
The  maximum  wheel  pressure  per  wheel,  with  two  4-wheel  trucks,  is  only 
6.25  tons.  Such  a  car  can  be  safely  supported  by  a  comparatively  l^ht 
steel  trestle  bridge,  with  the  bents  close  together,  so  as  to  reduce  the 
beam  spans  and  the  size  and  weight  of  the  beams. 

A  60-ton  3-  or  4-motor  crane  (with  main  hoist  of  50  tons  and  auxiliary 
of  15  tons),  which  is  a  relatively  small-sized  crane  for  modern  converter 
plants,  with  a  span  of  only  26  ft.,  weighs  ^0  tons  (without  its  load),  and 
with  an  80-ft.  span  fully  55  tons  (without  its  load).  The  26-ft.  span  is 
entirely  too  short  for  a  modern  large-sized  converter  plant.  The  larg& 
crane  requires  30  h.p.  for  propelling  the  crane,  at  about  half  the  speed  of 
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the  ladle  car;  12  b.p.  for  propelling  the  trolley;  a  35-h.p.  motor  for  the 
m&in  hoist,  and  a  5-h.p.  motor  for  the  auxiliary  hoist.  The  maximum 
wheel  pressure  per  wheel  of  this  crane  is  41  tons,  nearly  seven  times  as 
great  per  wheel  as  that  *of  the  ladle  car.  This  great  wheel  pressure 
demands  heavy  columns  and  large  girders  for  the  crane-ways.  This 
heavy  steel  construction  can  be  avoided  by  the  use  of  a  ladle  car.  For 
elevating  the  car  from  one  level  to  another,  electric  or  hydraulic  elevators 
would  be  used. 

By  dispensing  with  traveling  cranes,  the  operatives  of  the  converter  • 
plant  will  become  more  efficient,  being  less  demoralized  by  the  cranes 
passing  constantly  and  rapidly  over  them,  with  loads  of  molten  metal, 
which  at  times  slops  out  of  the  ladles.  The  ladle-car  operators  would  not 
be  so  much  or  so  continually  exposed  to  the  sulphur  dioxide  fumes,  or 
be  so  greatly  disturbed  by  matte  explosions,  as  are  crane  operators. 

As  most  converter  plants  were  or^inally  designed  for  the  acid-lined 
converter,  which  required  powerful  cranes  for  economical  operations 
and  the  moving  about  of  the  shells,  as  well  as  of  the  ladles,  such  cranes 
are  still  made  use  of  for  the  basic-lined  converters.  But  in  new  plants  the 
advantages  of  ladle  cars  should  be  carefully  considered. 

6.  Reduced  magaesite  consumption.  The  size  of  the  converter  shell 
may  infiuence  the  magnesite  consumption,  since,  with  an  increase  in  the 
sise  of  the  converter,  the  ratio  between  lining  surface  in  contact  with  the 
molten  material  and  the  volume  of  that  material  becomes  smaller.  The 
following  is  a  comparison  of  a  12-ft.  with  a  20-ft.  converter  (having 
diameters  of  8  and  16  ft.  inside  of  lining  respectively) : 

12-/i.  Converter  20-ft.  Converter 

Bottom  area 50  sq.  ft.        200  sq.  ft. 

Circumferential  area,  for  each 

foot  in  hdght 25  sq.  ft.  50  aq.  ft. 

Cubical  contents: 

1  ft.  height 50  cu.  ft.        200  cu.  ft. 

2  ft.  height 100  cu.  ft.        400  cu.  ft. 

3  ft.  height 150  cu.  ft.        600  cu.  ft. 

Ratio  of  Total  Surface  in  Contact  with  Matte  (bottom  +  circum- 
ferential area)  to  Volume  of  Matte: 


Height 

1  tt      75  aq.  ft.  _  250  sq.  ft.  _ 

'■"-     50cu.ft.       ^-^  20bcu.ft. 

ft     100  sq.  ft.  _  300  aq.  ft.  _ 

^"-   100cu.ft.~  ^-^  400cu.ft.' 


3a  i§^  =  0.835  i§^  =  0.583 

150  cu.  ft.  600  cu.  ft. 
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These  ratios  are  decidedly  unfavorable  to  the  smaller  converter,  in 
which  the  surface  coining  in  contact  with  the  molten  metal  is  25,  33.3,  and 
43  per  cent,  greater  per  cubic  foot  of  contents  for  1  ft.,  2  ft.,  and  3  ft. 
height  of  bath,  respectively,  than  in  the  large  converter. 

7.  Application  of  the  large  converter  to  the  smelting  of  pyrite  ores 
and  concentrates,  and  the  simultaneous  converting  of  the  molten  sul- 
phides to  white  metal  or  blister  copper.  Everything  points  to  the  suc- 
cessful application  of  the  large  basic-lined  vertical  convwtCT  to  the 
smelting  of  pyrite  ores  and  concentrates  direct.  The  extent  to  which 
this  practice  can  be  carried  out  and  the  amount  of  the  tonnage  that  can 
be  smelted  and  converted  without  having  recourse  to  a  freeh  supply  of 
molten  matte,  depends  principally  on  the  iron  content  of  the  raw  ore  or 
concentrates  charged. 

XV.  Experimental  Wohk 

For  study  of  the  phenomena  attendii^  the  blowing  of  air  through  a 
liquid,  I  constructed  the  glass  model  of  a  converter  shown  in  Fig.  10. 

I  used  a  18.5-in.  diameter  arc-lamp  clear  glass  globe,  with  both  ends 
open,  having  had  the  two  rims  ground  parallel  to  each  other.  The  wind 
box  was  made  of  lignum  vita,  the  glass  glc^e  rim  settii^  into  a  groove  or 
recess  in  the  wooden  wind  box,  with  a  soft  rubber  gasket  between  wood 
and  glass.  A  wooden  cover,  also  of  lignum  vitee,  grooved  and  provided 
with  a  gasket  in  like  manner  as  the  wind  box,  fitted  over  the  top  part. 
This  cover  had  s  number  of  holes  through  which  the  air  could  escape, 
when  liquids  were  poured  into  the  vessel.  The  globe  was  clamped 
between  the  wind  box  and  top  by  |-in.  rods  in  the  manner  shown. 
The  tuyere  plate  into  which  the  tuyeres  were  set  was  screwed  to  the  wind 
box,  the  joint  being  made  water  and  air  tight  with  a  soft  rubber  gasket. 
A  half-inch  nipple,  N,  was  screwed  into  the  body  of  the  wind  box.  A 
half-inch  rubber  hose  connected  the  wind  box  with  the  half-inch  air- 
supply  pipe,  the  air  supply  being  controlled  by  a  needle  valve.  The 
air  pipe  was  connected  with  a  manometer  consisting  of  a  glass  tube,  a 
1-m.  scale  divided  into  millimeters,  and  a  bottle  containing  acidulated 
water,  colored  with  methyl  orange  for  better  observation. 

The  tuydre  plates  were  made  of  -^-m.  steel,  nickel  plated  to  pre- 
vent rusting.  To  each  plate  were  fitted  16  tuyeres,  g\  in.  internal 
diameter,  each  1 .5  in.  long.  The  plates  were  drilled,  the  tuy^e  pipes  set 
into  the  drill  holes,  and  the  joints  soldered.  One  plate  was  fitted  with 
the  vortex  tuyeres,  the  other  with  straight  vertical  tuySres.  The  vortex 
tuyeres,  shown  in  Fig.  11,  have  three  distinct  aisles  with  reference  to  the 
plate,  giving  them  a  forward,  outward,  and  upward  direction.  The 
height  of  the  liquid  above  the  tuyere  orifices  was  ascertained  by  filling 
the  converter  with  1  liter  at  a  time,  with  the  tuyeres  plugged,  and  cali- 
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bratiog  the  globe,  the  central  rod,  aod  taking  actual  height  measure- 
menta  of  the  liquid  above  the  pUtes,  so  that  by  adding  the  liquid  in 
amounts  of  1  liter  at  a  time,  while  an  experinwnt  was  in  progress,  the 


Fio.  JO.— Experimental  (Glabb)  Converter. 

height  of  the  liquid  would  be  known.  Necessary  corrections  were  made 
in  the  difference  of  elevation  of  the  vortex  and  vertical  tuyfires,  to  obtain 
the  net  static  head. 
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The  glass  globe  was  held  by  a  ring  supported  with  tnumioos  ia  a 
wooden  stand.  When  the  vortex  tuyeres  were  used,  positive  rotation 
was  imparted  to  the  liquid,  the  speed  of  which  decreased  when  the  head 
was  more  than  50  mm.;  and  with  a  further  increase  in  the  head,  the 
water  was  made  so  turbulent  by  the  action  of  the  air  forced  through  it 
that  the  rotation  became  irregular.  With  water  the  speed  of  rotation 
varied  from  5  to  18  ft.  per  minute.  I  could  not  find  that  a  fixed  relation 
existed  between  speed,  air  pressure  used,  and  head.  An  interesting 
condition  disclosed  was  that  the  speed  of  rotation  in  the  central  part 
of  the  converter  was  practically  the  same  as  at  the  outside.  The  arrange- 
ment of  the  tuyeres  in  a  ring  produced  a  crest,  also  ring-shaped,  where 
the  largest  portion  of  the  air  escaped,  causing  violent  ebullition  at  that 


Fia.  11. — VoKTEx  TuvisREB. 

place.  Outside  and  inside  of  this  geyser-like  rii^,  the  liquid  was  com- 
paratively calm.  Cork  ball  fioats,  slightly  weighted  with  lead  and 
covered  with  paraffine,  were  introduced,  and  their  rotations  timed  with  a 
stop  watch.  The  outside  fioats  rolled  along  the  glass  shell,  the  different 
perimeters  of  which  at  different  heights  of  liquid  could  be  quite  accurately 
determined.  This  could  not  be  so  easily  done  with  the  float  inside  of  the 
"geyser."  But  whereas  the  outside  float  traveled  very  slowly,  the  inside 
one  traveled  very  much  faster,  and  the  diameter  of  the  ring  through  which 
it  traveled  could  be  determined  pretty  closely  by  many  observations. 
Then  the  distance  traveled  was  ascertained. 

The  vortex  tuyferes*'  were  originally  devised  for  use  in  acid-lined  con- 

"  H.  Haas,  U.  S.  Patent  832666,  Oct-  9,  1906- 
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verters  with  the  idea  of  eetting  the  matte  in  rotation  and  thus  eecuring 
uniform  corrosion  of  the  lining.  It  is  abo  thought  that  the  matte,  sweep- 
ing over  the  tuy^  orifices,  would  keep  them  free  of  noses.  For  basic- 
lined  converters,  the  straight  vertical  tuyeres  can  be  formed  in  the  tuyere 
bottom  much  more  easily,  and  from  thermo-chemical  considerations  it 
appears  that  tuyeres  of  small  area,  with  moderate  air  supply,  will  keep 
themselves  open. 

Earlier  experiments  made  with  the  glass  model  indicated  lower  air 
pressures,  for  the  same  heads  of  liquid,  with  the  vortex  than  with  the 
straight  tuyeres;  but  this  result  was  so  contrary  to  hydrostatic  laws 
that  I  was  not  satisfied  with  it;  and  I  made  another  series  of  experi- 
ments later,  to  check,  under  more  favorable  conditions,  the  results 
first  obtfuned.  These  experiments  showed  the  pressures  to  be  practi- 
cally identical,  under  the  same  heads,  for  the  vortex  and  the  vertical 
tuy^es. 

1  also  used  brine  solutions,  of  specific  gravity  1.2,  which  had  no  appre- 
ciable effect  on  the  speed  of  rotation.  Mercury,  corresponding  to  a 
height  of  680  mm.  of  water  column,  was  also  set  in  rotation,  brass  balls 
being  used  as  floats.  With  mercury,  the  average  speed  of  rotation  was 
5.8  ft.  per  minute  for  the  outer  circle.  In  the  inner  circle  it  was  from 
5.2  to  6.1  ft. 

The  tuy^es  were  all  of  the  same  material,  and  had  the  same  internal 
diameter,  the  same  length,  and  the  same  size  of  orifice,  so  that  the 
frictional  resistances  in  the  ^r  pipe,  tuydre  pipes,  etc.,  could  not  vary 
very  materially  for  like  air  pressures  and  volumes.  The  manometer  was 
set  to  a  fixed  air  pressure,  with  the  air  discharging  into  the  atmosphere. 
Then  measured  quantities  of  water  were  added,  and  after  each  addition 
of  wat«r  the  manometer  reading  was  taken.  The  pressure  did  not  in- 
crease in  proportion  to  the  head  of  water  added,  the  ratios  p in- 
dicating the  known  fact  that  with  an  increase  in  head  a  relatively  lower 
excess  pressure  is  needed  to  balance  the  static  column  than  with  a  low 
head.  This  is  due  to  the  fact  that  the  work  lost  through  frictional  re- 
sistances is  practicf^y  the  same,  whether  a  low  or  a  high  static  column 
of  hquid  is  opposed  to  the  ^r  pressure,  and  that  with  an  increase  in  pres- 
sure frictional  losses  become  less.  These  curves  do  not  indicate  that  the 
amounts  of  pressure  opposed  to  the  heads  as' stated  are  necessary  to  avoid 
liquid  flowing  into  the  wind  box.     »  =  0.80  was  still  sufficient  to  keep 

the  tuyeres  open,  but  the  rate  of  flow  of  air  was  naturally  greatly  lessened. 
The  tuyeres,  being  confined  to  a  central  portion  of  the  vessel,  con- 
centrated the  air  to  that  portion,  where  it  rose,  carrying  with  it  a  portion 
of  the  liquid,  heavily  charged  with  air.  The  action  produced  was  that  of 
centrally  rising  currents  of  air  and  liquid,  rising  beyond  the  surface  and 
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overflowing  toward  the  glass  ehdl,  outward.  "Geyser"  describes  the 
action  perhaps  better  than  any  other  word  I  know. 

An  increase  in  the  height  of  the  liquid  intensified  the  ebullition, 
which  at  times  gave  to  the  liquid  a  swashing  motion. 

An  increase  in  the  ^r  flow,  which  in  effect  is  the  same  as  a  reBtricted 
number  of  tuyeres  with  a  large  air  supply  conceotrated  at  a  limited  area, 
had  the  effect  of  throwing  a  larger  amount  of  liquid  up  at  the  surface  of  it. 
With  a  further  increase  in  the  air  supply,  this  would  be  violent  enough  to 
throw  the  liquids  out  of  the  globe. 

Tilting  the  converter  had  invariably  the  effect  of  concentrating  the 
air  flow  through  those  tuyeres  the  orifices  of  which  were  nearest  the  sur- 
face of  the  liquid,  i.e.,  had  the  lowest  static  head  opposed  to  them. 


d 


Fia.  12. — TCBB  FOB  Stddt  of  Epfbct  or  Enlaboing  TctJirkb. 

To  study  the  effect  of  an  enlargement  of  the  tuyeres  on  the  air  pres- 
sure required  to  keep  the  liquid  from  running  into  the  tuyere  pipes,  the 
following  experiments  were  made:  Five  glass  tubes  were  prepared, 
each  provided  with  a  small  glass-tube  connection  on  the  side,  which  waa 
connected  with  the  manometer  by  a  rubber  hose  and  closed  by  a  pinch 
cock.  One  end  of  the  large  tube  was  connected  with  the  air-supply  pipe, 
tbe  other  end  was  passed  through  a  rubber  stopper,  fitted  into  a  bole 
in  the  bottom  of  a  glass  cylinder  or  tall  vessel.  A  sketch  of  the  tube  is 
shown  in  Fig.  12.  The  tubes  had  the  following  inside  diameters:  No. 
1—2.8;  No.  2—5.2;  No.  3,—  6.6;  No.  4,-10.2;  No.  5,-16  mm. 

A  measured  amount  of  water  was  used,  and  the  top  of  the  rim  of  each 
glass  tube  was  inserted  the  same  distance  into  the  glass  cylinder,  and  tbe 
samehcadof  liquid  was  opposed  to  eachtube.     Theair  pressure  was  then 
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gradually  decreased,  and  the  instant  water  began  to  flow  into  the  tuy^, 
the  manometer  reading  was  observed.  It  was  found  that  water  ran  into 
'  tube  No.  2  at  a  3  per  cent,  higher  air  pressure  than  into  the  smallest  tube 
No.  1,  and  into  No.  3  at  a  7  per  cent,  higher  air  pressure  than  into  No.  1. 
It  was  not  feasible  to  continue  the  experiments  further  with  the  facilities 
at  my  disposal,  since  with  the  larger  tubes,  the  concentration  of  the  air 
volume  was  so  great  that  the  bulk  of  the  water  was  thrown  out  of  the 
cylinder,  even  with  very  moderate  air  pressures,  notwithstanding  the 
fact  that  the  height  of  the  cylinder  was  about  18  in. 

The  water  invariably  brgke  into  the  tuySre  pipe  near  the  rim  of  the 
pipe  wall  and  adhered  partly  to  the  pipe  wall. 

If  we  consider  the  air  column  in  a  tuy^e  as  a  piston,  moving  forward 
and  pressing  upon  another  "air  piston,"  we  have  a  number  of  such  air 
pistons,  each  pressing  the  superimposed  one  forward  into  the  matte. 
Being  composed  of  a  gas,  this  "piston"  is  very  elastic,  and  if  we  were  to 
take  actual  pressure  measurements,  we  would  very  likely  find  that  the 
pressure  is  not  uniform  through  the  entire  cross-section  of  the  pipe. 
The  gae  molecule  composing  these  "pistons"  are  in  constant  motion, 
and  by  enlai^ng  the  diameter  of  the  gas  column  portions  of  these 
"pistoDfl"  may  disintegrate  and  the  liquid  may  break  through  them. 
To  prevent  this  possibility  a  safe  margin  of  excess  pressure  must  be  carried. 
This  excess  pressure  demanded  for  safety  may  easily  exceed  the  saving 
in  power  due  to  a  lessening  of  the  frictional  resistances  from  the  use  of 
a  smaller  tuyere-pipe  surface  with  tuyferes  of  cross-section. 

Large-scale  experiments  using  water  and  di Sere nt-si zed  air  pipes, 
duplicating  converter  conditions,  that  can  be  closely  observed,  and  from 
which  accurate  deductions  can  be  drawn,  would  undoubtedly  throw 
much  light  on  these  very  complex  phenomena,  about  which  comparatively 
little  is  known. 

Many  of  the  observations  made  with  the  experimental  glass  model 
of  a  converter  have  already  been  discussed  in  a  previous  communication*' 
in  views  regarding  the  action  of  air  currents  on  matte  in  the  converter. 
By  actually  observing  in  miniature  the  physical  occurrences  taking  place 
in  a  model  of  a  converter,  one  receives  a  much  better  understanding  and 
a  graphical  picture  of  the  action  of  the  air  in  the  large  converter. 

In  conclusion  I  wish  to  thank  Dr.  Frederick  G.  Cottrell,  Dr.  L.  H. 
Duschak,  D.  R.  Kellogg  of  the  U.  S.  Bureau  of  Mines,  and  Leroy  E. 
Caverly  for  much  valuable  assistance  and  many  suggestions  given  me 
during  my  experimenta. 

"BuUelin  No.  83,  Nov.,  1913. 
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RecrystalUzatioa  of  Limestone  at  Igneous  Contacts 

BT  C.  X.  LBITH,  lUAISOH,  WIS. 
(Ne*  York  Meetinc,  Fabnury,  1014) 

At  the  outset  I  would  like  to  make  it  clear  that  I  do  not  enter  this 
(UscuBsion  in  a  controversial  spirit,  but  in  aa  attempt  to  contribute  some- 
ttung  helpful  to  an  understanding  of  a  difficult  problem.  I  have  too  high 
regard  for  the  sterling  quality  of  the  work  of  the  men  who  have  studied 
this  subject  in  detail  to  offer  anything  in  the  way  of  essential  contradiction 
to  their  statements  of  fact.  Difference  of  opinion  arises  from  differing 
valuation  of  the  possible  alternative  hypothesis  which  these  facts  si^gest. 

Some  d^iree  of  recrystallization  in  limestone  contact  zones  has 
been  recognized  by  many  investigators.  Earlier  investigators,  for  the 
most  part,  assigned  an  important,  if  not  the  most  important,  rfile  to 
recrystallization  in  development  of  these  zones.  With  the  growing  recog- 
nition of  introduction  of  ores  and  gangue  materials  into  the  contact  zone 
frcm  igneous  rocks  through  the  medium  of  primary  magmatic  solutions, 
there  has  been  a  tendency  to  ascribe  to  this  process  most,  if  not  all,  of  the 
chemical  and  mineFalogical  characteristics  of  the  contact  zone.  This  has 
involved  a  correspondingly  diminished  emphasis  on  recrystallization  of 
substances  already  there  as  a  factor  in  the  process,  and  in  some  cases 
even  the  complete  elimination  of  this  hypothesis.  From  detailed  study 
of  a  few  contacts,  casual  observation  of  others,  and  a  general  familiarity 
with  the  literature,  some  of  us  have  been  led  in  recent  years  to  raise  the 
question  whether  the  pendulum  has  not  swui^  too  far  away  from  re- 
crystaUization  toward  direct  introduction  from  igneous  sources,  and  to 
ai^e  for  more  recognition  of  the  part  played  by  recry&tallization.' 
The  inevitable  sequence  has  been  that  those  of  us  who  have  taken  this 
view  have  been  charged,  at  least  by  inference,  with  empha-sizing  recrys- 
tallization to  the  total  exclusion  of  the  alternative  process.  Scientists, 
like  other  men,  like  to  classify  and  p^eon-hole  views  under  simple  and 
definite  designations,  leaving  out  qualifications  which  would  tend  to  make 
the  classification  more  difficult  to  state.  This  has  made  the  problem  seem 
more  d^nite  and  simple,  but  has  tended  to  obscure  the  fact  that  the 
disagreement  Is  primarily  not  one  relating  to  essential  facts,  but  one  of 

>  Bairell,  Joseph:  Geology  of  the  Marysville  Mining  Distriot,  Montana;  a  Study 
of  Igneoiu  Intnuion  and  Contact  Met&morphiam,  Profeteional  Paper  No.  57,  U.  S. 
GeoloffUal  Surety  (1907);  Leith,  C.  K.,  and  Harder,  E.  C:  The  Iron  Ores  of  the  Iron 
SfHuigi  District,  Southern  Utah,  BvOeHn  No.  338,  U.  S.  Geological  Svrveu  (1908). 


iii.f  „Google 


1130       RECBYBTALLIZATION    OF  LIMESTONE   AT  IGNBOUB   CONTACTS 

emphasis.  The  relative  importance  of  processes  seems  to  vary  greatly 
in  different  districts.  Until  many  more  contacts  have  been  carefully 
studied,  agreement  as  to  the  relative  importance  of  processes  in  general 
is  perhaps  not  to  be  expected. 

Evidences  for  recrystallization,  briefly  summarized  and  without 
qualification,  are  as  follows: 

1.  So  far  as  there  is  recrystallization  it  relates  mainly  to  part  of  the 
silicate  minerals  and  the  residual  carbonates  of  the  contftct  zone.  By 
no  stretch  can  it  explain  the  metallic  minerals.  The  development  of 
silicates  from  the  lime  or  magnesia  carbonates  involves  the  elimination  of 
all  the  carbon  dioxide  and  some  of  the  lime  and  magnesia,  with  re- 
crystallization into  silicates  of  part  of  the  lime  and  magnesia  together 
with  other  impurities  which  may  be  present,  such  as  silica,  iron,  kaolin, 
and  other  substances.  In  certain  districts  the  composition  of  part  of  the 
silicate  zone  (usually  the  outer  part)  corresponds  approximately  to  the 
composition  of  the  original  carbonate  rock,  minus  carbon  dioxide  and  a 
part  of  the  lime  and  magnesia.  No  analyzed  samples  have  shown 
exact  correspondence.  It  would  be  difficult  to  find  exact  correspondence 
because  of  later  replacements,  because  of  original  variation  of  beds,  and 
because  of  difficulty  of  confining  sampling  only  to  the  recrystalUzed  zone; 
but  in  some  cases  there  is  a  remarkable  tendency  toward  the  constancy  of 
silica-alumina  ratios  in  comparison  of  original  limestones  and  the  sup- 
posedly recrystallized  phases.  The  ratio  is  not  absolutely  mcuntuned, 
but  the  variation  in  the  silica-alumina  ratio  is  slight  as  compared  to  the 
variations  which  are  found  in  the  parts  of  the  contact  zone  in  which 
materials  have  been  clearly  introduced.  It  would  be  remarkable  if 
substances  brought  in  at  random  from  magmatic  sources  should  ap- 
proximate so  closely  the  composition  of  residual  impurities  of  limestone. 
A  most  striking  case  of  this,  which  has  been  worked  out  quantitatively  on 
a  large  scale,  is  the  contact  metamorphism  of  cherty  iron  carbonates  by 
great  masses  of  gabbro  in  the  Lake  Superior  country.  Here  the  iron-silica 
ratio  of  the  altered  phase  corresponds  almost  exactly  with  that  of  the 
original  carbonate  rock,  the  change  being  merely  an  elimination  of  carbon 
dioxide.  Analyses  have  been  taken  from  many  thousands  of  samples 
brought  up  in  drill  cores  and  in  continuous  sections  across  the  formation.* 

2.  Secondary  silicates  of  contact  zones  have  often  been  found  to  be 
localized  along  cherty  beds  or  around  frt^ments  of  chert  in  the  carbonate. 
Again  the  Lake  Superior  r^on  furnishes  an  illustration  in  that  cores 
brought  from  a  depth  of  many  hundred  feet,  where  there  has  been  no 
chance  of  surface  alteration,  and  at  some  distance  from  the  intri^ive,  show 
the  development  of  secondary  iron  silicates,  principally  grQnerite,  along 


'Van  Hise,  C.  R.,  and  Leith,  C.  K.r  The  Geol(«y  of  the  Lake  Superior  R^ion, 
Monograph  Lll,  U.  S.  Qeologieal  Swvey,  p.  546  (1911). 
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contact  of  carbonate  and  siliceous  layers,  in  a  rock  which  is  so  denae  there 
is  little  or  no  possiblity  for  the  introduction  of  these  substances  from 
without.  The  ratio  of  silica  to  iron  has  been  almost  exactly  maintained. 
And  yet  these  are  clearly  developed  under  influence  of  intrusives. 

3.  The  similarity  of  secondary  silicates  in  limestones  and  marbles  far 
removed  from  igneous  contacts  to  some  of  those  developed  at  contacts  is 
also  suggestive  evidence  of  recrystallization  along  contacts. 

4.  Elimination  of  carbon  dioxide  and  lime  is  postulated  under  either 
hypothesis,'  "replacement"  or  "recrystallization."  The  natural  conse- 
quence of  elimination  is  recrystallization  of  the  residual  materials,  whether 
or  not  these  are  supplemented  by  accessions  from  magmatic  sources. 
There  is  no  good  a  priori  reason  why  accessions  should  always  exactly 
balance  elimination,  especially  when  the  physical  conditions  of  intrusion 
are  considered — and  there  is  no  satisfactory  quantitative  proof  that  they 
have.  Under  physical  conditions  which  have  been  supposed  to  attend 
the  earlier  stages  of  intrusion  of  a  magma  it  is  easy  to  conceive  of  pore 
spaces  caused  by  elimination  to  be  closed  as  fast  as  formed,  thereby 
reducing  volume,  and,  in  fact,  it  is  usual  to  conceive  of  the  pressure 
actually  being  a  factor  in  the  elimination.  Under  the  replacement  hypo- 
thesis we  find  it  necessary  to  assume  that  whatever  the  pressure  con- 
ditions were,  whether  those  tending  to  close  up  openings  or  not,  the 
materials  taken  out  and  those  introduced  were  delicately  balanced  in 
volume;  that  just  enough  is  introduced  in  any  one  place  to  take  the 
place  of  that  which  is  left. 

5.  The  reduction  in  volume  required  by  the  recrystallization  hypothe- 
sis cannot  in  most  cases  be  disproved.  So  far  as  ordinal  textures  are 
retained,  as  they  are  in  some  districts,  then  it  is  possible  to  infer,  rightly 
I  think,  that  the  volume  has  not  been  considerably  reduced,  and,  there- 
fore, that  elimination  has  not  taken  place  except  by  equivalent  introduc- 
tion of  new  materials.  But  the  supposedly  recryetallized  substances 
are  usually  in  a  structurally  amorphous  zone  which  may  well  be  the 
residual  of  an  original  mass  many  times  greater.  Opponents  of  the 
recrystallization  hypothesis  have  argued  that  the  necessary  elimination  of 
substaJices,  and  consequent  reduction  of  volume,  is  too  large  to  be 
reasonable.  The  reasonableness  or  unreasonableness  of  this  is  a  difficult 
point  to  argue.  It  is  lai^ely  a  matter  of  personal  opinion.  To  me  it 
does  not  seem  inherently  improbable.  Elimination  is  equally  necessary 
to  the  alternative  hypothesis  of  introduction  of  the  materials  from 
magm&tic  sources.  Without  elimination  it  is  necessary  to  assume  an 
enormous  increase  in  volume  to  take  care  of  enough  new  material  to  give 
an  average  composition  of  the  contact  phase. 

6.  Discrimination  of  two  phases  of  contact  metamorphbm  is  essential 
to  an  interpretation  of  conditions  of  formation  of  contact  zones. 

Students  of  contact  metamorphism  may  to  much  advantage  study 
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the  mathematical  theory  of  heat  coaductjon  as  applied  to  aa  igneous 
contact.  We  are  indebted  to  Professors  It^ersoll  and  Zobel'  for  an  illumi- 
natii^  discussion  of  the  principles  of  heat  flow  from  an  igneous  rock  of 
given  dimensions  into  surrounding  limestone.  Their  conclubions,  which 
seem  to  be  well  based  on  general  physical  priDciples,  are  especially 
iaterestii^  in  showing  the  remarkably  slow  progress  of  a  heat  wave  into 
the  limestone.  Quoting  from  Ingersoll's  and  Zobel's  discussion  of  a 
hypothetical  case:* 

"The  conclusions  to  be  drawn  from  the  curves  are:  first,  that  the  cooling  is  a  very 
slow  process,  occupying  tens  of  thousands  of  years;  second,  that  the  boundary- 
surface  temperature  quickly  falls  to  half*  the  initial  value  and  then  oooIh  only  slowly, 
&nd  also  that  for  a  hundred  or  more  years  there  is  a  large  temperature  gradient  over 
only  a  few  meters  and  a  very  slow  progrees  of  the  heat  wave;  third,  the  maximuin 
temperature  in  the  limestone,  or  the  crest  (so  to  speak)  of  the  heat  wave,  travels  out- 
ward only  a  few  centimeters  a  year.  The  mass  behind  it  will  then  suffer  a  contractiOD 
ae  soon  aa  it  begins  to  cool,  and  the  cracking  and  introduction  of  mineral-beariDg 
material  is  doubtless  a  consequence  of  this." 

Especially  significant  is  the  inference  from  the  curves  of  heat  flow 
that  in  advance  of  the  heat  wave  the  rock  is  tending  to  expand,  therefore, 
to  be  compressed,  whereas,  following  it  during  a  long  period  of  time  there  is 
contraction  and  the  development  of  cracks.  These  conditions  seem  to 
favor  two  principal  phases  of  contact  metamorphism. 

As  the  igneous  mass  advances  into  limestone  it  presumably  is  exerting 
mechanical  pressure,  judging  by  deformation  at  some  contacts,  and  at  the 
same  time  sending  out  heat  into  the  surrounding  rock,  which,  't^elf,  in- 
creases the  pressure.  It  is  difficult  to  avoid  the  conclusion  that  for  a  time 
at  least  the  adjacent  rocks  are  under  considerable  pressure  and  that  this 
pressure  would  favor  elimination.  It  does  not  seem  at  all  necessary  or 
probable  that  under  pressure  this  elimination  should  be  immediately 
followed  by  introduction  of  other  substances  from  the  magma,  or,  ' 
putting  it  in  another  way,  that  substances  from  the  magma  should  always 
80  closely  follow  elimination  as  to  replace  molecule  by  molecule  the 
original  materials  and  thereby  prevent  any  reduction  of  volume.  As  the 
crest  of  the  heat  wave  advances  into  the  siurounding  limestone,  lower 
temperatures  follow,  with  the  result  that  there  is  contraction  and  the 
development  of  openings.     This  contraction  may  effect  not  only  the  lime- 

'  Ingeraoll,  L.  R.,  and  Zobel,  O.  J.:  An  Introduction  la  MatheTnatiail  Theory  oj 
Heat  Conduction  with  Enffineering  and  Qeoloffical  Applicationa  (Ginn  &  Co.,  1913). 

•  Loe.  eiL,  pp.  128  to  129. 

*  Strictly  speaking,  the  initial  t«mperature  of  the  boundary  surface  would  be  some- 
what higher  than  this;  for  the  conductivity  of  hot  igneous  rock  is  considerably  greater 
than  that  of  the  cold  limestone  although,  in  order  to  be  able  to  handle  the  problem, 
we  have  had  to  coTisider  their  thermal  constants  as  the  same.  The  temperature  of 
the  boundary  surface  for  the  first  hundred  yeara  or  so  could  best  be  estimated  from 
equation  (40)  of  Art.  80.  The  error  introduced  by  assuming  the  diifusivities  to  be  the 
same  becomes  less  and  lees  as  the  cooling  proceeds. 


.coy  Google 


RECHYSTALLIZATION   OF  LIMESTONE   AT   IGNBOUB    CONTACTS     '  1133 

9toae  but  the  intrusive  itaelf.  Into  such  openings  the  magmatic  solutioos 
may  freely  enter,  and  there  are  deposited  the  ores  and  some  of  their  gangue 
materials.  At  the  same  time  these  solutions  may  replace  the  materials 
of  the  surrounding  rock  to  a  greater  or  leas  extent. 

That  contact  metamorphism  of  limestone  has  been  accomplished  in 
two  successive  phases  has  been  pretty  well  proved  at  certain  contacts. 
It  seems  probable  that  when  attention  is  directed  specifically  to  this 
feature  it  may  be  found  at  others.  The  first  phase  seems  to  be  charac- 
terized by  the  production  of  an  amorphous,  homogenoouE.,  silicate  mass, 
not  definitely  associated  with  fissures.  In  some  cases  this  is  discriminated 
sharply  from,  in  other  cases  it  merges  gradually  into,  a  phase  characterized 
by  sulphides  and  other  ore-bearing  minerals  with  their  gangue  materials, 
which  occur  much  more  largely  in  fissures.  These  fissures  may  often  be 
seen  to  traverse  the  silicate  zone  of  the  first  phase.  The  minerals  of  the 
later  phase,  both  because  of  their  composition  and  because  of  evidence  of 
their  transportation,  cannot  be  r^arded  as  recrystallizaticns  of  materials 
in  place.     They  afford  evidences  of  introduction  from  magmatic  sources. 

The  two  phases  of  alteration  may  mei^e  one  into  the  other  both  in 
time  and  place.  The  later  phase  may  be  expected  to  obliterate  to  some 
extent  the  earlier  phase.  Ordinarily  the  later  minerals  differ  from  the 
earlier  ones,  but  certain  silicates,  quartz,  and  other  minerals,  may  be  com- 
mon to  both. 

I  do  not  attempt  to  cite  evidences  in  detail  from  specific  localities. 
My  purpose  is  rather  to  outline  the  case  for  recrystallization.  W.  L. 
Uglow,'  in  a  recent  paper,  has  cited  evidences  and  references  in  some 
detail  and  in  a  forthcoming  paper  will  cite  more.  I  do  not  contend  that 
all  contacts  will  be  proved  to  show  important  recrystallization  or  even 
that  all  of  the  illustrations  cited  in  Mr.  Uglow's  paper  are  valid  ones.  I 
hold  only  that  recrystallization  has  been  proved  in  enough  places 
and  to  sufficient  d^ree  to  warrant  its  citation  as  a  usual  accompaniment 
of  the  process  of  introduction  of  magmatic  materials.  In  some  cases  it 
seems  to  be  important.  In  others  evidence  of  it  is  alight  or  absent,  though 
in  these  cases  it  may  be  masked  by  the  introduction  of  materials  in  the 
second  phase  of  contact  metamorphism.  Its  complete  absence  in  the 
nature  of  the  case  is  difficult  to  prove  quantitatively.  Advocates  of  the 
recrystallization  hypothesis  have  not,  so  far  as  I  know,  held  that  it  was 
sufficient  to  explain  all  contact  phenomena.  They  have  offered  it 
only  as  an  explanation  of  one  phase  of  contact  alteration.  Failure  to 
consider  this  hypothesis  involves  failure  to  consider  the  possibilities  of 
a  two-phase  alteration  which  seems  to  me  to  be  the  probable  key  to 
much  contact  metamorphism.     With  the  majority  of  economic  geolo- 

'  Uglow,  W.  L. :  A  Review  of  the  ExiBtiiig  Hypothesis  on  the  Origin  ot  the  Second- 
ary SiLoate  Zonee  at  the  Contacts  of  Intmsivea  with  Limeatooea,  Economic  Qeology, 
vol.  viii.  No.  1,  pp.  16  to  50;  No.  3,  pp.  215  to  234  (Jan.,  Apr.,  1913). 
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gists,  I  recognize  the  coospicuouB  evidence  of  the  iatroduction  of  ma^- 
matic  materials.  My  plea  is  that  this  hypothesis  be  not  magaified  to 
the  exclusion  of  the  recrystallization  hypothesis.  Quantitative  stud- 
ies of  contacts  based  on  adequate  sampling  have  unfortunately  been  rare. 
Without  them,  conclusions  can  be  only  qualitative  and  not  exclu^ve. 
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ITnifomi  Mining  Legislation  in  All  the  States  Based  on 
Federal  Act 

BY  C.  L.  COLBURN,  DBNVKR,  COLO. 
(New  Ycicfc  MMtioa.  Fibnury,  1914} 

The  statutory  requirements  of  the  States  and  the  district  rules  are, 
broadly  speaking,  similar.  There  is  just  enough  difference  to  make  it 
tantalizing. 

DiFTBBENCKS  IN  StATE  LEGISLATION  GOVERNING  THE  LOCATION  OF 

Mining  Claims 
Discovery 

Discovery  is  the  first  step  in  the  location  of  the  claim.  The  provision 
of  the  Revised  Statutes  (2320)  is,  "  No  location  of  a  mining  claim  ahaJI  be 
made  until  the  discovery  of  the  vein  or  lode  within  the  limits  of  the  claim 
located."  Strictly  speaking,  discovery  may  be  defined  as  the  finding  of 
ore  or  metalliferous  rock  in  place  in  a  well-defined  vein.  This  definition 
was  too  strict,  so  discovery  extended  later  to  cover  such  indications  of  the 
presence  of  ore,  within  rock  in  place,  as  would  justify  an  experienced  miner 
in  spending  his  time  and  money  with  a  reasonable  expectation  of  finding 
ore  in  paying  quantities.  According  to  Colorado  statutes  a  discovery 
must  show  a  well-defined  crevice;  in  Arizona,  a  lode,  deposit,  or  mineral 
in  place;  in  Montana,  a  well-defined  crevice  or  valuable  deposit;  in 
Nevada,  a  lode  or  deposit  of  mineral  in  place. 

It  is  wrong  to  require  a  discovery.  An  honest  prospector,  wishing  to 
obey  the  law,  finds  himself  compelled,  in  most  cases,  to  evade  this  point. 
In  Clear  Creek  district,  Colorado,  a  quartz  seam  will  constitute  a  dis- 
covery; in  Butte,  a  red  capping;  in  Leadville  or  Ely,  it  is  any  place  where 
a  man  can  find  a  piece  of  vacant  ground  big  enough  upon  which  to  sink  a 
10-ft.  hole.  If  the  vein  or  deposit  outcrops  a  man  can  show  a  discover}', 
but  if  it  does  not  outcrop  it  is  foohsh  to  compel  him  to  show  one ;  and  this 
point  has  been  gently  side-stepped.  Any  hole  10  ft.  deep  now  constitutes 
a  discovery.  It  is  no  use  having  laws  that  the  people  cannot  consistently 
obey.  No  sane  man  will  dig  unless  he  expects  to  find  mineral,  and  he 
should  be  protected  while  Tli^ing.  He  should  be  required  to  show  that  he 
has  mineral  ground  only  when  he  comes  to  patent, 

D,.i,i,.e,.„Googlc 


1136  UNIFORM  MINING  LEGISLATION  BASED  ON  FEDERAL  ACT 

Time  to  Sink  Discovery  Shaft  and  Complete  Location 

When  a  discovery  has  been  made,  the  discoverer  is  entitled  to  retain 
undisputed  possession  of  his  claim  for  a  reasonable  time  in  order  to  com- 
plete the  acts  of  location  required  by  law.  The  length  of  time  for  this 
purpose  is  not  fixed  by  the  law  of  the  United  States,  but  is  left  to  the  law  of 
the  State  or  the  regulations  of  the  district.  In  Colorado,  Idaho,  Mootaoa, 
North  Dakota,  South  Dakota,  Oregon,  and  Wyoming,  he  has  60  days  to 
sink  a  10-ft.  discovery  shaft  and  to  complete  his  location.  In  Arisona, 
Nevada,  New  Mexico,  and  Washington,  the  time  is  90  days.  In  Alaska, 
a  discovery  shaft  is  not  required;  in  California  and  Utah,  the  matter  is 
left  to  district  rule.  Most  of  the  States  allow  the  lode  to  be  exposed  in  an 
open  cut,  cross-cut,  or  tunnel  instead  of  the  10-ft.  hole.  Some  States 
specify  the  amount  of  excavation  work  necessary  to  show  the  discovery. 

Marking  the  Localism  of  the  Ground 

The  provision  of  the  Revised  Statutes  (2324)  is  as  follows:  "The 
location  must  be  distinctly  marked  on  the  ground,  so  that  its  boundaries 
can  be  readily  traced."  The  law  of  the  United  States  does  not  define 
what  kind  of  marks  shall  be  made,  or  where  they  shall  be  placed.  In 
Colorado,  the  surface  boundaries  must  be  marked  by  six  posts,  one  at 
each  corner  and  one  at  the  center  of  each  side  line,  hewed  or  marked  on  the 
side  toward  the  claim.  In  New  Mexico,  four  substantial  posts  or  monu- 
ments, set  one  at  each  corner  of  the  claim,  are  all  that  is  necessary. 
North  Dakota  requires  two  posts,  one  at  the  center  of  each  end  line,  in 
addition  to  the  six  posts  required  in  Colorado.  Arizona  requires  six  posts 
set  4  ft.  above  ground  or  stone  monuments  3  ft.  high.  Montana  requires 
posts  4  in.  square  by  4  ft.  6  in.  long,  I  ft.  lu  the  ground,  and  a  mound  of 
earth  or  stone,  4  ft.  in  diameter  and  2  ft.  high,  placed  around  each  post. 
If  a  stone,  not  a  rock  in  place,  Is  used,  it  must  be  6  in.  square  by  18  in. 
long,  set  two-thirds  its  length  in  the  ground.  In  Oregon  the  posts  need 
only  stand  3  ft.  above  ground  or  there  may  be  mounds  of  stone  2  ft.  high. 
In  Utah  the  details  of  marking  are  left  to  district  rules. 

Posting  of  Notice  of  Location 

The  rules  and  regulations  of  the  several  mining  districta  or  States  gen* 
erally  require  the  locator  to  post  upon  his  claim  a  notice  of  his  location. 
What  this  notice  must  contain  is  governed  by  the  particular  statute  or 
regulation  applicable  in  the  district  where  it  is  made.  Generally  it  con- 
tains the  date,  extent  of  cl^m,  name  of  the  claim,  and  name  of  the 
locator. 
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Record  of  Localion  Certificate 

The  final  step  in  the  location  of  a  claim  is  the  filing  of  the  location 
certificate.  This  is  not  required  by  the  U.  S.  law,  and  therefore  is  left  to 
the  States  and  distriets.  la  Arizona,  Idaho,  Utah,  Oregon,  and  New 
Mexico  the  statutes  require  the  making  of  location  certificates  in  duplicate, 
one  to  be  placed  on  the  claim  and  one  filed  for  record.  In  the  other  States 
this  is  not  required.  In  Montana  and  Idaho  the  location  certificate  must 
be  sworn  to  before  it  will  be  admitted  to  record. 

In  the  majority  of  cases  the  location  certificate  must  be  filed  with  the 
County  Clerk  and  Recorder  of  the  county  in  which  the  claim  is  located. 
Iq  North  and  South  Dakota  the  certificate  is  filed  with  the  Register  of 
Deeds;  in  Washington  with  the  County  Auditor.  In  some  States  the 
certificate  may  be  filed  with  either  the  County  Clerk  and  Recorder  or  with 
the  Mining  District  Recorder;  in  other  States  the  claimant  must  file  with 
both  the  County  and  the  District  Recorder.  Alaska  is  divided  into  three 
Recording  Divisions  which  are  subdivided  into  Recording  Districts. 
Location  certificates  are  filed  with  the  Recorders  of  these  districts. 

Size  of  Claim 

The  maximum  length  of  a  lode  claim  is  fixed  by  Congress  at  1,500  ft. 
The  width  may  vary  from  50  to  600  ft.,  according  to  State  or  district 
regulation.  North  and  South  Dakota  fix  the  width  of  a  claim  at  300  ft., 
but  allow  the  counties  to  increase  or  decrease  it  within  the  Congressional 
limit.  The  width  of  claims  in  Colorado  was  formerly  300  ft.  and  in  some 
counties  150  ft.  Recently  the  legislature  amended  the  laws,  increasing 
the  width  to  600  and  300  ft.,  respectively,  thus  doubling  the  size  in  all 
sections  of  the  State.  In  all  the  other  States  the  width  is  600  ft.,  so  that 
a  claim  equals  a  little  more  than  20  acres.  The  tendency  seems  to  be  in 
Tavor  of  the  larger  claims. 

Suggestions  Leading  to  Uniformity 

Congress  can  make  uniform  laws  concerning  the  appropriation  of  min- 
ing claims.  This  can  be  done  by  leaving  nothing  whatever  for  the  States 
to  do.  A  man  wishes  to  take  up  a  homestead.  He  does  so  under  the 
Federal  law  and  Land  Office  regulations.  The  States  have  nothing  to  do 
«ith  the  matter  until  the  man  "proves  up"  and  receives  patent  to  his 
land.  It  would  be  a  bad  mix-up  if  the  States  could  regulate  the  size  and 
shape  of  these  homesteads,  the  amount  of  soil  that  the  homesteader 
should  till  each  year,  and  countless  minor  matters.  The  miner  should 
be  put  in  the  same  position  as  the  homesteader.  He  should  make  his 
application  directly  to  the  government  and  should  be  relieved  of  State 
iDterference. 
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The  Federal  law  of  1872  and  the  State  statutes  were  all  baaed  on  the 
theory  that  valuable  minerals  were  found  either  in  steeply  dipping  veins 
or  in  placers.  The  prospector  in  those  days  was  looking  for  juBt  such 
deposits.  To-day  mining  conditions  have  changed.  The  old  prospector 
has  gone.  Modem  metallurgical  practice  has  made  it  possible  to  treat 
low-grade  ore  at  a  profit.  Mines  are  now  sought  and  found  not  only  in 
steeply  inclined  veins,  but  f^so  in  large  irr^ular  masses  and  in  fiat-lying 
deposits.  This,  then,  is  surely  an  opportune  time  for  Congress  to  revise 
our  mining  laws. 

The  following  suggestions  will  show  how  the  mining  laws  can  not  only 
be  made  uniform,  but  simplified: 

1.  Mining  claims  should  be  taken  up  according  to  l^al  subdivision. 
Forty  acres  should  constitute  a  claim. 

2.  Upon  proper  application  the  claim  should  be  withdrawn  from  the 
public  domain  and  held  for  the  use  of  the  claimant,  just  as  farming  land  ia 
withdrawn  and  held  for  the  homesteader.  No  cqnfiicting  claim  of  any 
kind  should  be  granted  as  long  as  the  claimant  obeys  the  law. 

3.  The  claimant  should  be  required  to  perform  1,000  cu.  ft.  of  develop- 
ment work  each  year.  Proof  of  this  work  must  be  filed  before  Feb.  1,  for 
the  previous  year. 

4.  The  claimant  should  be  allowed  to  apply  for  patent  after  excavating 
5,000  cu.  ft.  of  material.  He  should  at  that  time  show  that  he  has  mineral 
ground. 

5.  The  claimant  should  be  compelled  to  apply  for  patent  within  five 
years. 

6.  After  a  patent  is  issued  the  claimant  should  be  entitled  to  the  sur- 
face and  all  mineral  lying  under  It,  and  between  planes  passing  through  the 
center  of  the  earth  and  the  boundaries  of  the  surface. 

7.  Failure  to  comply  with  any  of  the  above  requirements- should  con- 
stitute a  forfeiture  of  the  claim,  and  the  land  should  be  thrown  open  for 
other   claimants. 

8.  One  claimant  should  not  have  more  than  eight  claims  under  appli  a- 
tion  at  any  one  time. 

Laws  based  on  the  above  suggestions  would  serve  equally  well  for  all 
kinds  of  mineral  deposits  and  for  all  kinds  of  minerals. 

In  the  ca^e  of  oil  and  natural  gas  a  claimant  should  be  required  to  sink 
400  ft.  of  well  each  year,  and  he  should  also  be  debarred  from  sinking  a  well 
within  a  fixed  minimum  distance  from  his  boundaries. 
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The  Classlflcation  of  Public  Lands 

BT  aEoiun  ons  aurra,~ii'ASRtNaTOH,  d.o. 

(New  York  MmUd«.  Febiunty,  1014) 

The  Secretary  of  the  Interior  id  his  recent  report  to  the  President  has 
defined  the  new  public-land  policy,  which  is  in  fact  "but  a  new  applica- 
tion of  an  old  policy."  His  words  may  be  more  acceptable  on  this  sub- 
ject of  land  classification  than  the  repetition  of  phrases  which  have  served 
some  of  us  for  several  years.     Secretary  Lane  says  of  the  past: 

"Coi^ress  has  always  been  most  generous  as  to  the  disposition  of  the 
national  lands.  .  .  .  There  was  land  for  all,  and  it  was  the  govern- 
ment's glad  function  to  distribute  it  and  let  those  profit  who  could.  .  .  . 
And  this  generous  donor  was  not  so  petty  as  to  discriminate  between  kinds 
of  lands,  the  uses  to  which  they  could  be  put,  or  the  purposes  which  those 
might  have  who  got  them.  Land  is  land,  save  when  it  contains  minerals ; 
tbis  was  roughly  the  broad  principle  adopted.  To  classify  was  a  task  too 
difficult  or  not  worth  while.  The  lands  would  classify  themselves  when 
they  arrived  in  individual  ownership.  And  so  the  door  was  opened  for 
monopoly  and  for  fraud." 

Of  the  reaction  and  the  evolution  of  a  new  policy,  the  Secretary  con- 
tinues: 

"A  reaction  was  inevitable.  If  lands  were  to  be  withdrawn  from  pub- 
lic service,  why  might  not  the  government  do  the  withdrawing  itself? 
The  old  philosophy  that  'land  is  land'  was  evidently  unfitted  to  a  country 
where  land  is  sometimes  timber  and  sometimes  coal;  indeed,  where  land 
may  mean  water— water  for  tens  of  thousands  of  needy  neighboring 
acres.  For  the  lands  of  the  West  differ  as  men  do,  in  character  and  condi- 
tion and  degree  of  usefulness.  We  had  not  recognized  this  fact  when  we 
said  'land  is  land.'  Lands  fitted  for  dry  farming  and  lands  that  must 
forever  lie  unused  without  irrigation;  lands  that  are  worthless  save  for 
their  timber;  lands  that  are  rich  in  grasses  and  lands  that  are  poor  in 
grasses;  lands  underlain  with  the  non-precious  minerals  essential  to  indus- 
try or  agriculture;  lands  that  are  invaluable  for  reservoir  or  dam  sites — 
these  varieties  may  be  multiplied,  and  each  new  variety  emphasizes  the 
fact  that  each  kind  of  land  haa  its  own  future  and  affords  its  own  op- 
portunity for  contributing  to  the  nation's  wealth. 
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"So  there  has  slowly  evolved  in  the  public  mind  the  conception  of  a 
new  policy — that  land  should  be  used  for  that  purpose  to  which  it  is  best 
fitted,  and  it  should  be  disposed  of  by  the  government  with  respect  to  that 
use.  To  this  policy  I  believe  the  West  is  now  reconciled.  The  West  no 
longer  ui^es  a  return  to  the  hazards  of  the  'land  to  land'  policy.  But  it 
does  ask  action.  ...  It  asks  that  the  machinery  be  promptly  eetab- 
liahed  in  the  law  by  which  the  lands  may  be  used." 

Following  Secretary  Lane's  thought,  the  public  lands  need  to  be  used, 
but  it  is  equally  important  that  they  be  used  right.  The  day  of  accidental 
or  incidental  classification  is  past.  Either  disposition  of  these  lands  with 
their  varied  values  should  not  precede  classification  or  the  terms  of  that 
dispoeition  must  be  such  as  to  neither  overlook  nor  disr^ard  the  possible 
results  of  future  classification. 

As  a  matter  of  fact,  two  methods  of  wise  disposition  of  public  lands  are 
possible;  the  one  would  require  the  determination  of  the  land's  highest 
use  as  the  antecedent  and  prerequisite  of  any  transfer  of  title  from  the 
government;  the  other  method  would  limit  whatever  title  is  granted  so 
as  to  give  recognition  to  known  or  anticipated  land  characters.  Either 
aystem  would  in  theory  recognize  the  principle  of  land  classification  and 
express  its  purpose  of  ultimate  full  utilization,  but  in  practice  the  one 
system  necessitates  official  classification  before  use,  while  the  other 
permits  immediate  development  without  endangering  full  utilization. 
The  one  method  means  delay,  the  other  involves  limited  titles. 

Current  public-land  legislation,  whether  we  review  recent  enactments 
or  read  proposed  bills,  is  seen  to  express  this  idea  of  full  and  highest  use  of 
thelandandabandone  the  old  policy  of  "land  is  land."  The  various  sep- 
aration Acts  of  the  past  few  years  permit  the  agricultural  use  demanded  by 
present-day  needs,  without  sacrificing  the  future  utilization  of  the  mineral 
estate.  The  procedure  seems  both  safe  and  sane  for  the  government  to 
issue  the  limited  surface  title  both  where  classification  has  shown  the 
existence  of  two  or  more  estates  in  the  land  and  where  future  investigation 
not  now  practicable  may  be  expected  to  develop  mineral  possibilities. 

Classification  of  land  is  simply  the  determination  of  its  natural  values 
as  fixed  by  the  use  or  uses  to  which  the  land  can  be  put.  The  practicabil- 
ity of  land  classification  is  contingent  upon  the  quantity  of  facta  available 
to  the  classifier.  The  elimination  of  coal  land  from  non-coal  land,  or  of 
irrigable  from  non-irrigable  land,  or  of  mineral  land  from  non-mineral 
land,  may  possess  all  degrees  of  certainty  and  accuracy.  So  it  follows 
that  where  an  official  classification  is  possible  because  of  a  fortunately 
adequate  knowledge  of  its  character,  the  highest  utilization  both  present 
and  future  can  be  at  once  insured  by  the  separation  of  the  different  values 
and  by  their  appropriate  disposition.  If,  on  the  other  hand,  knowledge  of 
the  luid'a  resources  is  at  best  only  imperfect  or  can  be  expected  only  in  the 
course  of  future  settlement  and  development,  then  ^e  disposition  of 
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known  values  for  present  use  should  not  await  formal  classification,  but 
future  clas^catioQ  should  be  provided  for  by  the  issue  of  limited  patents. 

Clasaficatiou  of  public  lands  and  separation  of  estates  wherever  lands 
have  a  double  value  is  mmply  the  common-sense  method  of  safeguarding 
public  interest  against  fraud  in  the  case  of  known  or  determinable  resources 
and  against  speculation  in  unearned  increments  in  the  case  of  resources 
at  present  unknown  or  only  suspected. 

Land  clasmfication  is  a  business  policy  that  we  should  adopt  as  indi- 
viduals, were  we  landed  proprietors;  as  citizens  having  special  technical 
acquiuntance  with  the  public  lands  and  their  resources  can  we  advise  any 
course  of  action  less  favorable  to  the  interest  of  our  fellow  citizens? 
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Application  oi  Electricity  to  Mines  and  Mills  of  Witherbee, 
Sheimon  ft  Co.,  Inc.,  Mineville,  N.  Y. 


(New  York  Meetiin,  February.  19U) 

The  application  of  electricity  to  the  nuDing  and  beneficiation  of  tlie 
magnetic  iron  ores  of  the  Mineville,  N.  Y.,  district,  on  Lake  Champlain, 
has  resulted  in  economies  and  enhanced  quality  of  product,  without 
which  only  a  comparatively  small  quantity  of  the  present  output  could 
be  marketed.  The  output  of  the  Witherbee,  Sherman  &  Co.  mines  is, 
about  700,000  tons  per  annum,  and  of  this  about  four-fifths  is  treated 
by  magnetic  separation  to  increase  the  iron  content  and  reduce  the 
phosphorus. 

The  use  of  electricity  for  the  magnetic  separation  of  the  ore  from  the 
gangue  is  therefore  of  primary  importance,  and  makes  possible  the 
appUcation  of  electric  power  for  mining  and  preparing  the  ore  for  con- 
centration. The  fact  which  speaks  loudest  in  favor  of  the  application 
of  electricity  is  this:  It  is  possible  for  about  25c.  per  ton  of  shipping 
ore  to  furnish  all  the  power  required  to  put  the  ore  on  cars.  This  in- 
cludes mining  a  hard  ore  underground,  from  a  depth  of  900  ft.,  hoisting 
to  surface,  crushing  to  ^  or  J  in.  in  size,  and  separating  from  the 
gsi^ue.  This  also  includes  lights  about  the  works,  and  all  miscellaneous 
power,  such  as  about  the  shops. 

The  first  plant  for  the  generation  of  electric  power  for  use  at  Mineville 
was  completed  in  1903,  and  was  one  of  the  first  for  the  application  of 
electricity  to  mining  iron  ore.  This  was  a  Nordberg  compound  con- 
densing steam  engine,  direct  connected  to  a  750-kw.  alternating-current ' 
generator,  3,300  volts,  3  phase,  25  cycles.  All  the  plants  added  later 
use  the  same  current  but  with  higher  voltage.  The  map.  Fig.  1,  shows 
the  power  phints  and  the  transmission  system;  Figs.  2  and  3  are  views  of 
the  shaft  houses  and  the  mills. 

The  power  from  the  first  plant  was  distributed  to  Mills  1  and  2,  one 
2,500  cu.  ft,  compressor,  and  to  the  Harmony  hoist,  which  wa^  driven 
by  a  300-h.p.  motor  operating  four  10-ft.  drums.  Our  experience  with 
the  hoist  covers  largely  the  development  of  electric  hoisting  from  1903 
to  date,  and  in  some  cases  improvements  were  worked  out  to  satisfy  our 
needs.  The  motor  is  still  operating  as  installed,  but  the  control  apparatus 
has  been  radical^  changed  several  times.    When  installed,  the  iron  re- 
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sistance  grids  were  light,  and  they  would  vibrate  when  the  rush  of  current 
entered,  sufficiently  to  touch  and  short  circuit,  and  bum  out;  it  was  a 


Fia.  2. — Joker,  Bonanza  a 

regular  thing  to  replace  those  burnt  out,  between  shifts.  We  then 
increased  the  weight  about  four  times  and  got  very  good  results.  Still 
later  we  installed  a  water  rheostat,  which  has  been  in  operation  about  two 


Fio.  3.— View  o 


years  and  has  coat  practically  nothing  in  repairs,  besides  being  very 
much  smoother  in  operation  and  acceleration. 
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The  heavy  duty  on  the  control  of  this  hoist  is  due  to  the  four  drums 
attached  to  one  motor.  When  one  car  is  hoisted  slowly  for  men,  and 
the  other  cars  have  ore  in  them,  the  motor  gets  full  load  at  slow  speed 
and  a  very  heavy  current  must  be  carried  by  the  resistance  In  the  rotor 
circuit. 

As  the  depth  and  output  increased  the  300-h.p.  motor  was  over- 
loaded, and  the  delays  in  hoisting  due  to  handling  men  were  considerable. 
On  that  account  a  new  double-drum  hoist  is  now  being  installed,  and 
two  drums  of  the  old  hoist  will  be  discarded. 

The  hoist  serving  the  Joker  shaft  (Fig.  4)  has  double  drums,  10  ft. 
in  diameter,   6-ft.  face,  geared  to  a  500-h.p.  motor,  and  hoists  3  tons 


Fto,  4. — DouBLE-Dscu  Hoist  for  Joker  Sbaft  in  No.  I  Power  Station. 

of  ore  in  each  skip  at  900  ft.  per  minute,  the  two  skips  being  in  balance. 
It  takes  1  kw,  of  power  to  hoist  1  ton  of  ore  375  ft.  This  hoist  will 
deliver  forty  3-ton  skips  per  hour  from  a  depth  of  900  ft.  This  allows 
3  min,  for  a  round  trip  of  each  car. 

The  ore  includes  lumps  up  to  2  or  3  ft.  in  diameter  mixed  with  fines. 
This  is  drawn  out  of  a  pocket,  through  a  door  4  ft.  square,  opened  and 
closed  by  a  12-in.  diameter  air  lift,  into  a  measuring  chute  12  ft.  long  on 
an  angle  of  45°,  at  the  bottom  of  which  is  a  lip  chute  raised  to  hold  back 
the  skip  load.  As  soon  as  the  car  lands,  the  lip  chute  is  dropped,  the 
car  loaded,  and  the  signal  given  to  hoist  in  from  15  to  30  sec.    The 


.coy  Google 


APFLICATION   OF   BLBCTOICITY   TO   UINE8   AND   UILL8'  1147 

measuring  chute  is  then  filled  while  the  skip  goes  up  and  back,  A 
little  skill  in  following  the  descending  car  with  the  loading  lip  chute 
often  makes  the  signal  to  hoist  reach  the  engine  room  at  the  same  instant 
with  the  roar  made  by  the  dumping  of  the  ore  from  the  other  car  in  the 
shaft  house.  Heavy  cast-iron  grids  are  used  for  resistance  on  this  hobt 
and  have  given  do  trouble.  Double-pole  contactors  are  used,  which  are 
operated  by  a  master  controller  on  the  operating  platform  (Fig.  5). 
The  hoisting  costs  about  2c.  a  ton  for  power.  With  the  steam  hoist 
the  cost  was  7c.  per  ton,  a  saving  of  5c.  per  ton  in  favor  of  electric 
hoistiDg. 

We  are  dow  iDstalling  four  new  hoists  underground.     The  depth 
of  the  workings  and  the  shape  of  the  ore  bodies  make  it  advisable  to 


Fio.  5. — ^TKANSFOBmiis  amd  Contact  or  Pamzl  for  Joker  Hoist  Motor. 

divide  the  hoist.  The  undei^round  hoists  operate  on  slopes  from  25° 
to  40°  from  horizontal,  and  dump  into  pockets,  from  which  the  ore  is 
reloaded  into  skips  and  hoisted  up  shafts  which  are  vertical  or  nearly  so. 

These  new  hoists,  shown  in  Fig.  6,  a  shop  view,  have  double  drums 
7  ft.  in  diameter,  3-ft.  face,  with  a  single  reduction  of  Wuest  herringbone 
gears  to  the  shaft  of  a  300-h.p.  motor.  This  is  arranged  so  that  if  desired 
to  operate  to  capacity  without  working  in  balance,  another  300-h.p. 
motor  can  be  added  on  the  opposite  side.  The  hoists  were  all  section- 
alized  to  go  down  a  4  by  4  ft.  compartment  in  shaft. 

These  hoists  will  be  equipped  with  a  new  type  of  liquid   rheostat 
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which  has  two  sets  of  electrodes,  one  set  of  pipes  which  are  spaced  far 
apart  and  are  used  for  starting,  and  another  set  of  plates  which  are 
spaced  close  to  give  a  very  small  slip  when  full  speed  is  desired.  This 
eliminates  the  danger  of  the  rheostat  arcing  over  if  the  motor  is  suddenly 
reversed,  and  also  gives  a  much  wider  range  of  speed  than  the  ordinary 
type  of  rheostat. 

The  separators  used  are  the  Ball-Norton  type  as  developed  by  S. 
Norton  at  Mineville,  K.  Y.,  and  are  simple  in  construction  and  opera- 
tion; they  handle  large  quantities.  Three  types  are  in  use:  the  drum 
machine  (Fig.  7),  the  belt  machine  (Fig.  8),  and  the  pulley  type,  or  rock 
picker.     The  drum  machine  is  used  on  material  from  2  in.  to  }  in.. 


Fio.  8. — BsLT  Ttpe  op  Ore  Separator  in  Use  at  Mi 

although  it  will  work  on  finer  sizes,  but  the  belt  machine  is  preferred  on 
I  in.  or  finer,  as  it  costs  less  and  is  more  op>eD  ior  examination  and 
repairs. 

The  drum  machines  are  usually  30  in.  in  diameter,  15-in.  face,  with 
brass  shell  revolving  about  the  face  of  the  magnets.  These  are  bus-  - 
pended  in  a  fixed  position  inside  the  drum,  taking  up  about  half  of  the 
periphery. 

The  belt  machine  has  the  magnets  suspended  in  a  horizontal  position 
over  the  take-oflE  belt,  and  under  the  return  of  same.  The  feed  belt 
runs  below  the  take-off  belt,  and  when  the  ore  comes  under  the  first 
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magnet,  which  is  only  a  few  inches  from  the  end  of  the  feed  belt,  it  is 
lifted  up  to  the  under  side  of  the  take-off  belt  and  carried  along  until  it 
reaches  the  last  m^net,  where  it  drops  over  a  division  board  into  the 
concentrates.  The  tailings  drop  into  the  space  between  the  end  of  the 
feed  belt  and  the  division  board. 

The  magnets  are  so  connected  in  the  wiring  as  to  be  of  alternating 
polarity.  One  end  of  a  particle  of  ore  is  attracted  to  a  magnet,  and  as 
the  belt  carries  it  forward  the  other  end  turns  to  the  following  magnet, 
thus  turning  the  stream  of  ore  over  and  over,  and  leavingthegangue 
free  to  drop,  instead  of  being  carried  along  enmeshed  in  the  ore. 

The  pulley  type  machine,  or  rock  picker,  is  used  in  the  head  end  of 
a  conveyor,  and  has  a  full  circle  of  magnets,  which  revolve  with  the  pulley. 
This  is  used  with  a  heavy  current,  and  holds  to  its  face  anything  with  ore 
in  it.  The  pure  rock  flies  off  over  a  division  board  set  ahead  of  the 
pulley. 

In  making  the  concentrates  from  the  Mineville  ores,  that  from  the 
Old  Bed  mine  is  crushed  to  i  in.,  but  this  is  because  the  chief  object  is 
to  reduce  the  phosphorus.  For  the  Harmony  and  New  Bed  concentrates, 
the  moat  economical  practice  is  to  pass  the  crude  ore,  after  crushing  to 
a  maximum  of  2  in.,  over  a  drum  machine,  which  picks  out  the  rich  ore, 
as  heads  or  concentrates,  leaving  the  balance  as  middlings,  which  are 
passed  over  a  pulley  machine  and  by  this  divided  into  tailings  and 
middlings.  The  middlings  from  the  pulley  machine  are  then  passed 
through  rolls,  and  the  same  process  is  repeated.  When  the  material  is 
reduced  to  i  in.,  belt  machines  are  substituted  for  the  drum  machines. 

The  use  of  the  pulley  machines  reduces  materially  the  amount  of 
work  the  rolls  have  to  do,  and  also  the  bulk  of  material  to  be  treated 
by  the  final  machines.  This  treatment  also  recovers  the  ore  in  the 
coarsest  possible  state,  consistent  with  maintaining  the  desired  per- 
centage of  iron. 

We  make  occasional  car  loads  of  concentrates,  used  for  magnetite 
arc  Ughts,  guaranteed  to  contain  70  per  cent,  metallic  iron,  and  have 
reached  71,2  per  cent.,  leaving  only  1.2  per  cent,  of  total  impurities,  as 
pure  magnetite  carries  72.4  per  cent.  iron. 

Direct  current  is  used  for  the  magnets  at  about  125  volts,  and  the 
amount  of  current  on  the  individual  machines  runs  from  3  to  7  amperes 
on  the  machines  making  heads,  and  up  to  25  amperes  on  the  pulley 
machines.  The  adjustments  on  individual  ores  to  get  the  desired 
results  are  variations  of  the  current,  air  gap,  and  belt  speeds. 

A  table  is  appended  showing  the  average  results  obtained  for  the 
year  1913  in  the  various  mills.  The  recovery  runs  from  90  to  98  per 
cent,  of  iron  in  the  crude,  as  concentrates  containing  between  62.5  and 
66  per  cent,  metallic  iron. 

Slip-ring  induction  motors  are  used  principally,  and  with  reversible 
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controller,  which  ia  very  desirable  when  putting  on  belta,  or  when 
crusher  or  rolls  block.    In  this  case  a  slight  reverse  releases  the  material. 

We  have  been  using  220-volt  direct  current  for  the  mine  lighting,  and 
the  electric  haulage  used  current  from  the  same  circuit.  In  the  near 
future  a  transformer  will  be  installed  to  reduce  the  alternating  current 
to  110  volts  and  this  will  be  used  for  lights,  which  will  then  be  taken  off 
tBe  trolley  circuit.  Clusters  of  incandescent  lights  are  used  in  chambers 
instead  of  arc  lights. 

The  distribution  of  current  about  Mineville  is  at  3,300  volts,  with 
transformers  from  3,300  to  440  near  each  motor  or  group  of  motors. 

Ail  of  the  electrical  apparatus  of  the  present  equipment  is  of  General 
Electric  manufacture,  and  the  plant  was  described  in  the  Qeneral  Electric 
Review  of  February,  1912,  to  which  we  are  indebted  for  some  of  the 
illustrations  used  herewith.  We  wish  to  acknowledge  also  valuable 
assistance  received  from  H.  F.  Pigg,  Mechanical  and  Electrical  Engineer 
for  Witherbee,  Sherman  &  Co, 

The  tables  appended  give  the  generating  units,  having  a  total  capacity 
of  4,975  kw.,  and  a  recapitulation  of  the  distribution  of  the  power  for 
the  year  1913,  also  lists  of  the  motors  installed. 

The  generator  capacity  is  about  70  per  cent,  of  that  of  the  motors 
installed,  and  the  power  used  is  about  60  per  cent,  of  the  motor  capacity. 
The  average  operating  cost  of  power  was  $0.0091  per  kilowatt-hour,  and 
with  depreciation  of  plants  added  $0.0105. 

Compressed  air  is  the  principal  item  of  power  cost  and  took  10.5 
kw-hr.  per  ton  of  crude  ore  mined,  or  73^  per  cent,  for  compressed 
air  out  of  a  total  for  minii^  of  14.3  kw-hr.  The  milling  took  4.1 
kw-hr.  and  the  total  power  for  all  purposes  was  18.7  kw-hr.  per  ton  of 
crude  ore  produced. 

The  distinct  advant^e  which  magnetic  ore  has  over  the  other  mar- 
ketable varieties  lies  in  the  ease  and  certainty  with  which  it  can  be  sepa- 
rated from  the  gangue,  after  the  particles  of  ore  are  crushed  free  from 
the  rock.  In  this  respect  the  Lake  Champlain  ores  have  a  great  advan- 
tage on  account  of  coarse  crystallization,  so  that  crushing  to  1  or  | 
in.  permits  a  recovery  of  from  90  to  98  per  cent,  of  the  iron  in  the  crude  in 
the  form  of  a  uniformly  high-grade  concentrate  with  a  small  percentage 
of  objectionable  fines.  The  quality  of  the  concentrate  can  be  made  to 
stay  practically  constant  at  whatever  point  may  be  fixed  as  the  best 
economic  limit,  without  regard  to  the  iron  content  of  the  crude  ore, 
whether  it  be  25  or  55  per  cent,  iron,  which  is  about  the  range  of  the  ores 
treated. 

This  advantage  ought  to  increase  very  materially  the  amount  of 
magnetic  ore  used,  as  the  demand  for  increased  ore  tonnage  continues  to 
grow.  The  quantity  of  iron  ore  used  doubles  every  ten  years.  To 
provide  this,  even  if  the  amount  of  imported  ore  grows  largely,  prepara- 


.cy  Google 


1152  APPLICATION  OF  ELGCTBICtTT  TO  UINES  AND  lOLLB 

tioD  must  still  be  made  at  a  rapid  rate  for  new  mines  and  increased  outputs 
of  present  mines. 

Concentration  Resvlta,  Average,  1913 


Crndt    ,    Tail!    '. 


Cent.       Cant. 


Old  Bed  etmeentnOea. 

MiUNo.l 64.38 

MmNo.2 66.21 

Cobbini;  plant 63 .  41 

JVeuj  Bed  concenlralea. 

MillNo.4 34.16 

Htamony  ameentrates.    \ 

MiUNo.  3 47.791  7,34     62.67  0.087 


fi.30  63.76|  0.74 

7.88  ftfi.15  0.67 

e.98  60.71    1.26 

6.26  65.04  0.027 


87,lfi7j    73,I90:  1.191 
170,161  140,676   1.21 


00. 4i:  192,137 
96.93|  223,787 


Sl,230|  2.106 


Equipmerd  of  Power  Plants 


Loutlon 

Port  Henry 

DriTB 

Turbine 

Turbine 

Eilontt. 

800 

1,600 

760 

750 

6,600 
6,000 
3,300 
3,300 

6,600 
13,200 

7,463,700 
4.306,800 

Turbine 

3,800 
376 
800 

1,870,700 

Total 

4,975 

14,419,600 
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Recapittdation — DiatribtiHon,  1913 


lUomtt-honn 


Peresat-  at 

FuJI-Load 
Capacity  UB«d 


Compraaaore 2.100  7,273,365  ,  10. S 

Hoista I     2,200  1,604,956  2.6 

Hoists,  Dew 1,200  i 

Pumps \        131       I  287,564  0.4 

Haulage 1 212,083  |  0.4  1 

Mine  lighting I        275      ■  333,826  I  0. 5  J 

I j , 

Tot&Imining '     6,906  9,771,784  i  14.3 

Milla I     2,094      '  2,766,408  |  4.1 

Carpenter  shop  and  MwmiUj          95      '  89,019  0.13 

Sherman  mine  development 98,084  |  0.14 

Total  power  ueed 8,095      j  12,716,295  '  18.7 

Commercial  power 1,150  1  ,  -q.  ^qk 


Compressors — Motor  DiOribvUon 

1  Pow„  1 

B«rTi« 

A  and  B  power  house. 

MO  1  3,300 

2,500  c- 

400 

3,300 

2,600  c 

400 

3,300 

2,500  01 

200 

440 

1,250  CI 

1.  ft.  compressor. 

200 

440 

1,260  ci 

11.  ft,  compressor, 

No,  I  powerhouse... 

200 

440 

1,250  0 

J.  ft.  compressor. 

75 

440 

600  CI 

Sherman  mine 

ISO 

440 

600  01 

Total 

2,100 

Note. — Synchronous  motors  are  operated  at  80  per  cent,  power  factor  leading, 
which  brings  up  the  power  factor  at  the  distributing  points  in  Mineville  to  about  93 
to  94  per  cent. 
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Hoists — Motor  Distr^tion 


No.  1  powerhouse... 
A  and  B  power  house 

Horee 
Pow« 

500 
300 
300 
300 
100 
52 

VdIU 

440 
3,300 

440 
3,300 

440 

440 

BnriM 

Double  drum — Joker  shaft. 
Double  drum— Bonania  shaft. 
Double  drum— B  shaft. 
Double  drum- A  ahaft. 

Shermtm  mine 

Single  drum. 

Vnderirowid 
Barton  Hill 

52 

440 

440  Single  dnuD — South  pit. 

440  Single  drum— .South  pit. 

440  Single  dnim^Orchard. 

440  Single  drum — South  pit  raise. 

440  Single  drum— South  pit  raise. 

440  Single  drum—North  pit  raise. 

440  Single  drum— E.  aide,  A  sink. 

440  Single  drum— W.  aide,  A  sink. 

440  San^B  drum — B  sink. 

440  Single  drum — A  pocket. 

440  Double  drum— A  ahaft  drde. 

440  Man  hoist — A  ahaft  circle. 

440  Single  drum — Miller  pit  sink. 

440  Single  drum- Miller  pit  raise. 

440  Single  drum— Slope  No.  1— To  be  replaced. 

440  Single  drum— Slope  No.  2— To  be  replaced. 

440  Single  drum— Slope  No.  3 — To  be  replaced. 

440  Double  drum— Slope  No.  1— Partly  installed. 

440  '  Double  drum— Slope  No.  2— Partly  installed. 

440  '  Double  drum— Slope  No.  3 — Partly  installed. 


Total 3,452 
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Pumps — Motor  Distribtition — oU  440  Volts 

Smith  mine 30  , 

'  6  '  Bottom. 

Bshaft ^ 30  '  Cirole. 

I  15  I  Bottom. 

A  shaft 12  i  Cirde. 

5  I  Bottom. 

Old  Bed I  6  No,  6. 

3  ,  No.  4. 

Burton  Hill 3 

3 

SurCaoe 16  B  abaft  water  supply. 

5  \  '  B  shaft  wat«r  supply. 

Total 131 


Power  Houses — Motors 

p.  Volu 


No.  1  power  houec. . 


60 


10 


60 


Direct-ounent  motorg       22 


60 


50  440    '  35-kw.  motor-f;eneratoT  exciter. 

Ventilating  fan  for  SCKHtw.  turbine. 
Motor-generator  exciter. 
Centrifugal  pump  for  condenser. 
Ash  conveyor  and  elevator. 
3,300      7S-kw.  motor  generator  for  direct  current 
—220  volte. 

3S-kw.  motor  generator  for  direct  current 
—220  volts. 

(Theoe  two  for  lighte  and  haulage.) 
Two  37)-kw.  D,>C.  generators,  125  volts 

(Spare). 
Hoist  in  Old  Bed,  Overland. 

!2      j Hoist  in  Old  Bed,  Overland. 

6      ^ Pump  at  Bonanza  circle. 

Five  locomotives,  two  5-h.p.  motors  each, 
trolley  haulage. 

9      1  Two  locomotives,  one  4J-h.p.  motor  each, 

tailings  cars, 
"niree-car  tipple,  Joker  shaft. 


I 
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M^ls— Motor  DiarOution—AU  440  VoUaA.  C. 


75 

Group  dnve. 
Group  drive. 

'          75 

Group  drive. 

1          60 

Group  drive. 

I          36 

Crueh«-^oke  ahaft  house. 

I          76 

Cobbing  plant. 

..  !        100 

Group  drive 
Group  drive. 

1        100 

Group  drive. 
Hoiat  for  hauling  care. 
Conveyor  to  bin. 

354w.  motor  generator,    125  Tolto,  rnagnd 
current,  and  mill  lights. 


Section  }  mill. 

Section  ]  mill. 
I  36-kw.  motor  generator,  125  volts. 
'  Crusher  and  conveyor,  B  shaft. 
'  Conveyor  to  mill. 

Crusher,  A  shaft. 

Conveyor  to  mill. 
I  Elevator. 


I  Group  drive, 
i  Group  drive. 
'  Group  drive. 
I  Group  drive. 

Tailings  conveyor. 
I  Rapair  shop. 
I  Fan  for  drier. 
I  Coal-ear  hoist. 

Mevator. 

SO-kv.  motor-generator  aet,  12S  volts,  for  D.C. 
for  separators  and  lights. 
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MiseetJaneous  Motors 


Sawmill 

Smith  mine 

Sherman  mine . . . 
Fertiliser  plant. . 


Commercial  power: 
Minerille  Light  H.  A  P.  Co. 

Street  lights. 

Bevdenoe  Ughts. 


Cheever  Iron  Ore  Co.!      400 


440 

ia.™ 

440 

Carpenter  ehop  and  planer. 

440 

Fan  for  drill  forge. 

440 

Fan  for  drill  forge. 

440 

tion. 

'  Compresaor. 

I  Compressor,  synchronoua  motor. 

'  Hoist. 

'  Hoist. 

I  Hoiet. 

I  HoUt. 

Ebiist. 

Bspur  shop. 

Bepur  shop, 

MiU. 

Mill. 

MiU. 

Pumps. 
I  Ebtulage  looomotive. 
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Miniim-Law  Revision:  How  to  Obtain  It 

BT  ZDMDND  B.    KIHBT,    ST.    LOUia,    MO. 
(N**  York  MMtitK.  Febnury,  I9I4) 

This  meeting  marks  the  point  at  which  the  long-staQding  dissatisfac- 
tion with  the  mineral-land  laws,  the  innumerable  protests  against  them, 
and  the  many  isolated  efforts  to  obtain  relief,  have  developed  into  a  gen- 
eral movement  for  their  revision. 

That  part  of  the  nuning  industry  which  is  affected  by  these  laws  has 
three  general  organizations  which  are  able  to  speak  for  it:  the  American 
Institute  of  Mining  Engineers,  the  Mining  and  Metallui^ical  Society  of 
America,  and  the  American  Mining  Congress;  all  of  which  are  represented 
in  this  meeting. 

In  the  series  of  able  and  thoughtful  papers  presented  here,  prominent 
men  have  discussed  the  evils  of  the  present  laws  and  some  of  the  reforms 
which  should  be  made  in  them.  We  all  appreciate  fully  the  ultimate 
value  of  these  studies;  but  we  are  also  painfully  aware  of  the  fact  that 
discussion  of  this  kind  has  been  goii^  on  for  a  quarter  of  a  century  without 
any  other  effect  than  a  steady  increase  in  the  mass  of  printed  records 
stored  on  hbrary  shelves. 

In  order  to  get  any  practical  result  we  must  induce  an  indifferent  gov- 
ernment at  Washington  to  act,  and  to  do  this  we  must  unite  in  pushing 
some  practical  plan  whereby  it  may  act  in  a  simple  and  effective  way  and 
with  tho  least  possible  amount  of  criticism  or  opposition. 

ctual  question  before  us  is  not  whether  the  mining  laws  are  bad; 

evils  and  absurdities  are  not  only  beyond  discussion  but  also 

'  le  resources  of  a  temperate  and  dignified  vocabulary.     It  is 

articular  changes  ought  to  be  made;  for  it  is  premature  to  make 

commendations  until  there  is  some  one  to  listen  to  them. 

..^1,  we  all  know  that  there  are  wisdom  and  experience  enough 

available,  and  awaiting  that  time,  for  the  creation  of  a  code  which  would 

be  a  model  to  the  mining  world. 

The  practical  question  now  is,  how  to  obtain  the  revision;  and  since  the 
American  Mining  Congress  has  of  late  restricted  its  attention  to  this  phase 
of  the  problem  I  wish  as  one  of  its  representatives  here  to  present  its  views 
upon  the  matter. 
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The  AmericaD  Mining  Coi^ress  is  engaged  in  the  work  of  inducing 
Cot^ress  to  undertake  a  general  revision  of  the  mineral-land  laws  and  to 
this  end  it  is  urgii^  the  appointment  of  a  GommisBion  whose  members 
shall  be  selected  for  their  recognized  knowledge  and  experience  in  the 
minii^  industry.  This  commission  shall  consider  the  mining  laws  of  this 
and  other  countries  and  shall  hold  public  hearings  in  the  principal  miaing 
communities  of  the  West  and  Alaska;  giving  full  opportunity  for  the 
expression  of  public  opinion  concerning  the  problems  before  it.  Its 
recommendations  shall  be  presented  to  Coi^ress  in  the  form  of  a  fully 
drafted  mining  code.  It  is  not  proposed  to  have  this  include  deposits  of 
coal,  oil,  phosphates,  or  salines,  because  these  are  generally  regarded  as 
the  subjects  of  other  and  special  legislation. 

The  American  Mining  Congress  is  therefore  not  attempting  at  present 
to  formulate  and  recommend  specific  changes  in  the  nuning  laws.  It  is 
concentrating  its  efforts  upon  the  creation  of  machinery  which  will  do  this 
detailed  work  of  the  revision  and  will  do  it  in  a  way  calculated  to  inspire  i 
the  confidence  of  the  mining  communities  and  appeal  to  the  common  sense 
of  all  men. 

The  definite  plan  of  action  thus  proposed  is  based  upon  the  conviction 
that  no  tinkering  or  patchwork  revision  can  afford  any  perceptible  relief. 
The  present  minir^  laws  as  a  whole  are  hopelessly  at  variance  with  the 
geological  realities  of  ore-deposit  structure  and  also  with  the  practical 
operations  of  prospecting  and  minii^.  Moreover,  their  various  parts  are 
so  interdependent  that  it  is  practically  impossible  to  correct  individui^ 
faults  without  revising  the  laws  as  a  whole. 

The  fact  is  also  recognized  that  the  problems  involved  are  very  techni- 
cal aad  difficult,  and  that  mining  men  are  in  much  fear  of  changes  framed 
by  l^islators  who  do  not  know  these  technical  peculiarities  or  the  practical 
effects  of  minii^  laws  upon  the  industry.  This  apprehension  has  led  to 
the  prolonged  endurance  of  present  evils  until  these  have  become  disas- 
trous to  the  industry.  It  is  therefore  necessary  for  safety  and  for  the 
quieting  of  this  fear  that  Coi^ress,  in  makii^  the  revision,  should  assem-  I 
ble  and  utilize  the  best  wisdom  and  experience  to  be  found  among  ii>in- 
ir^  men.  This  is,  moreover,  the  only  course  which  will  enable  it  to  make 
a  revision  which  will  be  satisfactory. 

It  is  believed  that  no  revision  can  be  carried  through  which  does  not  i 
gain  for  itself  the  acceptance  and  support  of  the  mining  communixies  j 
affected  by  it,  and  a  working  plan,  to  be  effective,  must  provide  a  practical 
way  of  securing  this  acceptance.  They  are  already  in  accord  as  to  the 
evils  of  the  present  laws  and  the  fact  that  a  revision  is  necessary.  With 
respect  to  the  details  of  the  changes  required,  however,  there  are  natural 
differences  of  opinion,  and  it  is  necessary  to  compose  such  differences  by 
bringing  them  all  to  a  focus  before  some  authoritative  body  which  has  the  ■ 
power  of  decision.     This  body  or  commission  must  necessarily  have  a 
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personnel  which  will  be  known  to  the  mining  communities  and  inspire 
their  confidence. 

It  is  also  believed  that  the  commissioD  will  find  the  most  importiint 
part  of  its  work  to  be  the  conduct,  through  its  public  hearings  and  other- 
wise, of  auch  a  campaign  of  publicity  and  discussion  as  will  carry  the  min- 
ii^  public  with  it  to  the  same  conclusions.  This  would  be  accomplished 
by  giving  the  public,  in  one  way  or  another,  full  opportunity  to  talk  itself 
out  upon  the  questions  at  issue. 

The  suggested  draft  for  a  joint  resolution  of  the  Senate  and  House, 
which  is  given  herewith,  embodies  the  essentials  of  the  plan  proposed, 
which  are  as  follows: 

1.  That  the  revision  shall  be  general. 

2.  That  the  membership  of  the  commission  shall  be  restricted  to  men 

whose  qualifications  for  the  work  are  known  to  the  mining  industry. 

3.  That  the  commission  shall  hold  its  public  hearings  within  reach  of  the 

minii^  communities  and  give  the  public  full  opportunity  to  express 
its  views. 

4.  That  the  commission  shall  have  some  reasonable  time  limit  set  upon 

its  task. 

These  four  essentials  require  enough  expansion  to  be  self-explanatory, 
but  prudence  dictates  that  the  temptation  to  add  details  should  be 
restated.  Practical  experience  has  shown  that  every  detail  introduced 
into  a  measure  of  this  kind  tends  to  create  differences  of  opinion  and  to 
develop  opposition,  and  the  draft  which  will  meet  with  the  most  favor  is 
that  which  best  presents  the  bare  essentials,  unencumbered  by  any  details. 

The  work  already  done  by  the  American  Mining  Congress  has  made  it 
clear  that  the  procedure  described  appeals  to  the  judgment  of  the  great 
majority  of  men  and  reduces  to  a  minimum  the  number  of  objectors.  In 
fact,  it  is  believed  to  be  the  only  practicable  plan  for  obtaining  the  end 
desired. 

FRELiifiHART  Draft  Stigqested  for  a  Joint  Resolution  of  the 
Senate  and  House 

That  Congress  shall  undertake  a  general  revision  of  the  laws  relating 
to  mineral-bearing  lands  and  mineral  rights  within  the  United  States  and 
Alaska,  and  such  revision  shall  cover  mineral  deposits  of  every  kind 
except  those  of  coal,  oil,  phosphates,  and  salines,  which  are  set  aside  as  the 
subjects  of  other  and  special  legislation. 

In  view  of  the  technical  nature  of  the  problems  presented  by  the  work  it 
is  desired  to  secure  first  the  results  of  the  knowledge  and  experience  which 
exist  among  those  who  are  engaged  in  the  minii^  industry. 

To  this  end  the  President  shall,  within  60  days  hereafter,  appoint  a 
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commission  of  five  members,  who  shall  be  selected  for  their  rect^nized 
knowledge  and  experience  in  the  minii^  industry. 

The  commission  shall  consider  the  mining  laws  of  this  and  other  coun- 
tries and  shall  hold  public  hearings  in  the  principal  mining  centers  of  the 
Western  States  and  Alaska,  giving  full  opportunity  for  the  expression  of 
public  opinion  coDcerning  the  problems  before  it.  Its  recommendat'ona 
shall  be  presented  in  the  form  of  a  fully  drafted  mining  code. 

Within  six  months  after  the  appointment  of  the  commission  its  report 
shall  be  delivered  to  the  President,  who  shall  within  30  days  thereafter 
transmit  it  to  Congress  with  his  further  recommendations,  if  there  be  any. 

Members  of  the  commission  shall  receive  I per  diem,  with  ex- 
penses, and  shall  engage  such  clerical  assistance  as  may  be  necessary  for 
the  work. 

Clause  providing  for  the  necessary  appropriation. 
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The  Location  of  Mining  Claims  Upon  Indian  ReserrationB 

BT  WILL  L.  CLARK,  JEROME,   ARIZ. 
(Nov  York  MmUba  Fabnury,  I9Ii) 

He  who  enters  a  mining  claim  within  an  Indian  reservation  of  the 
United  States  of  America  acquires  no  rights  thereby,  because  of  the  fact 
that  the  lands  within  such  Indian  reservation  are  not  a  part  of  the  public 
domain,  and  cannot  be  located  or  acquired  as  mineral  land.  However, 
where  such  an  entry  is  authorized  as  to  a  particular  reservation  by  an  Act 
of  Congress,  such  claims  as  may  be  entered  under  such  authorization 
are  thereby  s^p-egated  from  the  reservation,  and  the  Indian  title  is 
extinguished. 

Under  the  Choctaw  Constitution,  any  citizen  of  that  nation,  in  other 
words  any  Choctaw  Indian,  who  discovered  a  coal  mine,  acquired  an 
exclusive  right  to  all  coal  within  a  radius  of  1  mile. 

The  laws  of  the  Chickasaw  nation  provided  for  the  formation  of  cor- 
porations to  develop  coal  and  other  mines,  with  authority  to  contract 
with  others  to  develop  and  work  the  mines.  Under  these  laws,  leases 
were  made;  but  Congress  subsequently  abrogated  all  existing  leases, 
prohibited  all  persons  from  receiving  royalties  from  such  mines,  and  pro- 
vided that  all  coal  within  the  nation  should  remain  the  common  property 
of  the  tribes.  Such  leases  are  now  expresslyT)rohibited  by  an  Act  of  Con- 
gress (32  United  States  Statutes  at  Large,  655).  All  leases  of  mineral 
lands  upon  Indian  reservations  must  now  be  made  under  regulations  pro- 
mulgated by  the  Secretary  of  the  Interior,  and  the  royalties  must  be  paid 
into  the  United  States  Treasury  for  the  benefit  of  the  tribes. 

In  Canada  the  Indians  have  no  rights  to  the  royal  mines  and  minerals, 
and  the  government  can  make  no  stipulation  with  the  Indians  which 
would  affect  the  rights  of  the  Province  in  which  the  lands  are  situated. 

Therefore,  while  it  is  true  that  under  our  present  law  no  rights  can  be 
acquired  to  a  mining  claim  within  an  Indian  reservation,  it  seems  to  be 
fully  within  the  authority  of  Congress  to  make  laws,  giving  such  rights  to 
mineral  locators  as  it  may  deem  necessary  or  expedient. 

There  is  a  demand  for  a  general  law  that  will  permit  minii^  upon 
Indian  reservations,  and  I  am  informed  that  most  of  the  members  of  both 
houses  of  Congress  from  the  Western  States  are  in  favor  of  Congress  pass- 
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ing  a  bill  which  will  permit  the  working  of  mineral  claims  discovered  upon 
Indian  reservations. 

The  following  tetters  from  members  of  the  Senate  and  House  of  Repre- 
sentatives are  quoted  in  support  of  this  assertion. 

HOTTBK  or  RCPaEBIlNTATITES, 

Wabhimoton, 

August  IS,  1913. 

"There  b  a  great  demand  for  a  general  law  that  will  permit  mining  upon  Tndiao 
reesrationa.  As  the  law  now  is,  the  Secretary  of  the  Interior  cannot  permit  meUl 
mining  under  any  circumstances.  It  seems  to  tne  that  a  law  should  be  pawed  authorii- 
ing  financially  responsible  parties  to  enter  the  reservations  fo[  the  purpose  of  mining 
upon  the  payment,  in  cash,  of  a  small  annual  charge  tor  each  claim  1ocat«d,  and  when- 
ever any  bullion  is  produced,  a  royalty  to  be  paid  upon  the  same.  This  royalty  ought 
to  be  equivalent  to  the  amount  that  tbe  same  company  would  pay  in  State  and  Coun^ 
taxes  if  it  were  located  outside  of  the  reservation. 

"  Of  course,  no  company  will  spend  the  money  that  is  necessary  in  order  to  develop 
a  large  property  upon  a  mere  permit  from  the  Secretary  of  the  Interior  which  ma;  be 
revoked  at  any  time.  The  law,  therefore,  should  specifically  set  forth  what  is  required, 
and  when  the  conditions  are  complied  with,  there  should  be  no  doubt  about  the  right 
of  the  company  to  continue  its  operations  within  the  reservation. 

"Carl  Hatdbh." 

UtfrrED  States  Serati, 

December  22,  1913. 

"I  have  an  idea,  without  looking  more  closely  into  the  matter,  that  reservatiacu 
created  by  Executive  Order,  as  distinguished  from  reservations  created  by  Act  of  Con- 
gress, do  not  carry  title  to  mining  lands  within  such  reservations.  The  law  says  tbsl 
the  mineral  lands  shall  be  free  to  exploration  and  purchase  by  citixens  of  the  United 
States,  and  I  have  a  doubt  as  to  tbe  President's  power  to  modify  that  law  by  spreading 
Indian  reservations  over  these  lands.  I  shall  bring  this  matter  up  in  Congress  sooD 
after  the  recess.  In  tact,  I  have  already  introduced  a  resolution  in  the  Senate  inquiring 
into  this  very  question,  and  the  resolution  now  lies  on  tbe  table  to  be  taken  Up  by  me. 
After  submitting  such  remarks  as  I  shall  deem  pertinent,  it  will  bereferre^  t«  theCcm 
mittee  on  the  Judiciary  for  an  answer  to  that  question. 

"M.  A.  SutTB." 
United  States  Senate, 

WAfiHINQTON,    D.    C, 

December  29,  1913. 

"I  have  read  Mr.  Anderson's  letter  with  much  interest.  He  correctly  states  Out 
under  the  present  law  do  rights  can  be  acquired  to  a  mining  claim  within  an  Indian 
reservation,  and  he  is  of  opinion  that  it  is  fully  within  the  authority  of  Congress  to  pan 
a  law  giving  such  rights  ta  mineral  locators  as  Congress  may  deem  expedient.  I  feel 
very  certain  that  many,  if  not  most,  of  the  members  of  both  houses  of  Congress  trom 
the  Western  States,  who  have  had  personal  e>,'perience,  arc  opposed  to  tbe  policy  of 
locking  up  all  the  mining  lands,  and  they  take  the  posltloD  that  it  would  be  a  whole- 
some thing  if  Congress  should  pass  a  bill  providing  for  the  working  of  mineral  claimson 
Indian  reservations. 

"Henbt  F.  Ashubst." 
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The  Initiation  of  Title  to  Mineral  Lands 

BT  ALBERT  BUBCB,  BAN  FRAKCISCO,  CAL. 
(New  YoA  MmUsc,  February.  IS  11) 

An  analysis  of  this  subject  demands  a  study  of  the  theory  and  practice 
of  the  present  system,  conclusions  as  to  its  merits,  and  recommendations 
for  remedying  its  defects  if  any  be  found. 

Theory  of  tke  Present  Law 

The  theory  of  the  present  law  with  reference  to  lode  locations  contem- 
plates the  existence  upon  the  surface  of  mineral-bearing  veins  which  have 
clearly  marked  boundaries,  and  which  can  be  so  readily  traced  that  a  loca- 
tor may  immediately  mark  the  boundaries  of  his  600  by  1,500  ft.  claim  in 
such  a  way  that  th^  vein  will  pass  through  both  of  its  end-lines.  It 
also  supposes  that,  having  discovered  such  a  mineral-bearing  vein,  the 
locator  will  at  once  post  a  notice  upon  such  discovery,  mark  the  bounda- 
ries of  his  location  in  such  a  manner  that  they  can  be  readily  traced,  and 
from  that  time  forward  have  absolute  title  to  the  ground  embraced  within 
such  boundaries,  as  against  every  person  except  the  United  States. 

For  initiating  title  to  placer  ground,  the  law  presupposes  the  discovery 
of  a  valuable  mineral  deposit;  but  not  necessarily  in  place,  as  in  the  case 
of  lode  claims;  and  the  location  must  be  made  to  conform  "as  nearly  as 
may  be"  to  the  legal  subdivisions  of  the  United  States  public  land  survey. 
When  the  placer  law  was  extended  to  include  the  acquisition  of  title  to 
oil  lands,  no  exception  was  made  a.'^  to  the  necessity  for  the  discovery  of 
valuable  mineral  in  advance  of  locationl 

Practice  Under  tke  Present  Law 

Nature  did  not  make  all  veins  clearly  de&ned  and  readily  traceable 
upon  the  surface;  nor  did  she,  in  all  cases,  leave  upon  the  surface 
which  overlies  important  ore  bodies  such  outcrops  as  would  in  them- 
selves be  considered  valuable;  and  the  citizen  of  the  United  States  has  in 
the  past  endeavored  to  steer  his  course  between  the  mandates  of  the  law 
and  the  limitations  of  nature. 

Until  quite  recently,  it  has  been  possible  to  obtain  a  patent  for  any- 
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thing  called  a  mining  claim,  regardless  of  the  character  of  its  discover}-. 
The  Department  of  the  Interior  is  now  insisting,  however,  upon  amore 
strict  compliance  with  the  letter  of  the  law;  and  it  has  become  almost,  if 
not  quite,  necessary  to  demonstrate  the  existence  of  payable  ore  within 
the  limits  of  a  mining  claim  in  order  to  obtain  a  United  States  patent 
therefor  (but  not,  of  course,  in  order  to  make  a  location  giving  the  locator 
a  possessory  title  gainst  all  except  the  United  States). 

Whether  this  change  of  policy  on  the  part  of  the  Department  of  the 
Interior  has  resulted  in  a  general  attempt  on  the  part  of  locators  to  adhere 
more  closely  to  the  letter  of  the  law  relating  to  discovery,  the  writer  is 
unable  to  say.  But,  in  the  past,  thousands  of  lode  claims  have  been 
located,  upon  which  there  were  not  only  no  outcrops  of  commercially 
valuable  ore  bodies,  but  no  outcrops  of  any  nature  whatsoever.  The 
boundaries  of  claims  have  not  been  so  placed  that  the  veins  found  within 
them  crose  their  end  lines  at  the  surface,  nor  have  their  boundaries  been 
so  marked  upon  the  surface  as  to  be  readily  traceable.  The  result  of  this 
laxity,  in  conjunction  with  the  extralateral  right  granted  by  the  law,  has 
been  costly  litigation,  which  has  made  the  American  mining  law  a  by-woid 
among  mining  investors,  and  has,  in  many  cases,  actually  prevented  the 
investment  of  both  domestic  and  foreign  capital  in  American  mines. 

Placer  claims,  except  for  acquiring  title  to  oil  lands,  have  ceased  to  be 
very  important  in  the  United  States;  and,  even  in  the  past,  comparatively 
few  have  been  located  without  some  semblance  of  discovery. 

Favlia  of  the  PreserU  Sysism 

The  chief  faults  of  the  present  system,  as  viewed  by  the  writer,  are 
but  two  in  number: 

1,  If  the  law  be  not  strictly  complied  with,  the  result  is  expensive 
litigation  and  uncertain  titles. 

2.  If  the  law  be  strictly  enforced,  then  it  is  not  possible  to  obtain  satis- 
factory title  to  such  areas  of  mining  ground  as  are  necessary  for  econom- 
ical operation  by  present-day  methods. 

Remedies  Recommended 

1.  The  writer  suggests  that  "discovery"  as  a  prerequiate  to  the  loca- 
tion  of  all  classes  of  mining  claims  be  abolished  in  law,  as  it  has  been,  for; 
many  years  past,  in  practice. 

2.  That  in  order  to  avoid  surface  conflicts,  a  claimant  be  required  to 
have  his  claim  surveyed  immediately  after  location  by  a  salaried  surveyot 
in  the  employ  of  the  government,  and  that  the  government  charge  such 
fees  for  this  service  as  are  estimated  to  be  necessary  to  cover  the  salaried 
and  office  expenses  of  the  surveyors. 
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3.  That  the  number  of  lode  claims  which  an  individual,  corporation, 
or  association  may  locate  or  acquire  in  any  given  mining  district  be  lim- 
ited in  such  a  manner  as  to  prevent  monopoly  on  the  one  hand  and  yet 
admit  of  the  economical  operation  on  a  large  scale  which  mining  methods 
of  the  present  day  demand. 

4.  The  writer  is  not  sufficiently  familiar  with  conditions  governing  the 
development  of  oil  lands  to  enable  him  to  make  any  recommendations 
regarding  the  initiation  of  title  to  oil-land  claims,  other  than  to  say  that 
"discovery"  as  a  prerequisite  is  manifestly  improper. 

5.  With  reference  to  placer  locations  other  than  of  oil  lands,  the  placer 
law  should  be  made  applicable  only  to  those  deposits  of  valuable  mineral 
which  lie  above  the  surface  of  bedrock,  and  other  provisions  should  be 
made  for  the  initiation  of  title  to  bodies  of  iron  ore  and  such  stratified 
deposits  as  phosphate  rock,  gypsum,  etc.,  the  location  of  which  has  here- 
tofore been  considered  as  possibly  included  within  the  provisions  of  the 
present  law  governing  the  location  of  placer  mining  claims. 

6.  Buried  river  channels  of  gold-bearing  gratrel,  which  are  found  in 
California,  and,  to  a  limited  extent,  in  other  States,  might  be  located  under 
the  law  governing  the  location  of  lode  mining  claims,  instead  of  that 
relating  to  placers,  as  at  present. 

Naturally,  such  changes  as  are  suggested  above  would  involve  some 
change  in  the  laws  governing  the  maintenance  of  title  to  mining  claims, 
but  the  discussion  of  that  subject  does  not  come  within  the  province  of 
this  paper. 
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An  Oil-Land  Law 

BT  aiOSOB  OnS  smith,  VABBmOXON,  D.  0.. 
(Nmr  York  MmUdc.  Fabnury,  1914) 

iTtirodtietitm 

That  an  oil-land  law  is  the  most  needed  item  in  the  proposed  program 
of  mineral-land  legislation  follows  from  the  fact  that  Congress  has  never 
enacted  a  law  really  applicable  to  petroleum  and  natural  gas.  The  action 
of  Congress  in  1897  in  authorizing  entry  of  oil-lands  under  the  placer  law, 
enacted  27  years  before  for  the  mining  of  gold  in  surface  gravels,  was 
plainly  only  makeshift  legislation.  Naturally  the  provisions  of  this 
placer  law  with  its  requirement  of  discovery  as  a  prerequisite  to  location 
are  nothing  less  than  absurd  when  applied  to  petroleum  deposits  hundreds 
or  thousands  of  feet  beneath  the  surface.  Other  reasons  which  render 
oil-land  testation  an  urgent  necessity  arise  first  from  the  large  acreage  of 
lands  believed  to  be  valuable  for  their  deposits  of  oil  and  gas  and  therefore 
withdrawn  by  Executive  order  from  all  entry  pending  the  enactment  of 
an  appropriate  law  for  their  disposition— a  withdrawal  that  has  been 
specially  ratified  by  Congress  in  the  case  of  one  State,  Utah — and  second 
from  the  exceptional  importance  of  this  resource  to  the  nation,  the  large 
industrial  worth  of  petroleum,  and  indeed  its  paramount  value  to  the 
navy,  not  being  suspected  17  years  ago  when  Congress  last  legislated 
upon  this  subject. 

Mineral  land  of  this  type  is  also  well  adapted  to  serve  for  purposes  of 
illustration  in  discussing  the  general  principles  that  demand  recognition 
in  legislative  reform.  Most  of  the  issu^  involved  in  the  consideration  of 
oil-land  legislation  are  clean-cut,  and  essential  differences  of  opinion  will 
be  seen  to  be  based  upon  radical  divergence  in  economic  theory  rather 
than  upon  conflicting  views  concerning  unimportant  details. 

For  the  last  five  years  or  more  the  geologists  of  the  Federal  Survey 
have  discussed  this  subject  and  prepared  memorandums  and  reports  on 
the  various  bills  introduced  in  Congress.  Most  of  the  provisions  sug- 
gested in  the  present  outline  have  been  under  consideration  at  one  time 
or  another  during  that  period,  and  many  of  the  statements  which  follow 
can  be  said  to  represent  the  consensus  of  opinion  among  those  of  us  who, 
both  in  the  field  and  in  the  office,  have  given  special  attention  to  the  public 
oil-lauda. 
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Purpose 

Stated  concisely,  the  purpose  of  an  oil-land  law  should  be  to  promote 
development,  with  the  aim  of  insuring  the  highest  percentage  of  extrac- 
tion at  the  lowest  cost  to  the  consumer,  and  during  the  longest  period 
consistent  with  fully  meeting  market  demands.  This  is  a  somewhat 
complex  ideal,  in  that  it  includes  full  recovery,  minimum  costs,  and 
production  responsive  to  the  market;  yet  these  are  the  practical  ends  to 
be  desired  by  operator  and  public  alike. 

Except  in  the  special  case  of  certain  limited  areas,  now  selected  from 
the  larger  reserves  which  were  originally  set  apart  for  the  Federal  purpose 
of  insuring  a  future  oil  supply  for  the  use  of  the  American  navy,  there 
should  be  no  idea  of  reservation  of  this  natural  resource  in  the  sense  of 
postponing  its  use.  We  know  that  the  present  generation  needs  fuel  oil, 
gasoline,  kerosene,  and  lubricating  oils.  On  the  other  hand,  there  should 
be  no  artificial  stimulation  or  encouragement  of  speculative  activity,  such 
as  will  lead  to  overproduction  and  waste;  for  we  may  expect  that  other 
generations  will  need,  and  will  make  good  use  of,  whatever  petroleum 
deposits  we  leave  undeveloped. 

An  oit-land  law  should  aim  to  permit  full  regulation  of  development 
rather  than  to  provide  large  revenues.  Not  profit  but  control  is  the  pri- 
mary purpose;  and  the  beneficiary  of  wise  legislation  is  to  be  the  public 
in  its  capacity  as  consumer  rather  than  as  taxpayer.  With  low  prices 
as  the  desired  end,  and  low  costs  as  the  necessary  means,  caution  should 
be  exercised  not  to  saddle  upon  the  development  any  conditions  or  terms 
of  land-tenure  that  will  involve  unnecessary  burdens. 

To  meet  this  purpose  of  public  control — control  only  as  a  means,  not 
an  end  in  itself — the  leasing  system  is  pre-eminently  the  logical  one;  and 
its  applicability  to  the  oil-lands  remaining  in  public  ownership  is  not  a 
matter  of  theory;  for  the  traveler  in  the  California  oil-fields  needs  only 
to  look  in  any  direction  from  the  withdrawn  areas  to  see  adjacent  lands 
to  which  the  government  has  granted  patent  being  operated  under 
leasehold.  There  is  no  pos^ble  difference  in  either  theory  or  practice 
between  leasing  public  oil-lands  and  leasing  private  oil-lands,  except  that 
in  the  former  case  the  public  shares  in  the  profit  as  landowner,  and  should 
also  write  into  the  lease  conditions  that  are  favorable  to  successful  develop- 
ment and  that  therefore  permit  prices  satisfactory  to  the  consumer.  In 
the  long  run,  low  costs  can  come  only  through  successful  operation;  and, 
to  be  successful,  oil-production,  like  other  business  ventures,  needs  to  be 
attractive  to  the  highest  type  of  operating  skill,  backed  by  not  over-timid 
capital.  Thus  fair  profits  to  operator  and  just  prices  to  consumer  are 
far  from  being  antagonistic  elements  in  the  proposition,  but  on  the  con- 
trary are  essential  to  the  ideal  results  sought.  Some  of  the  conditions 
favorable  to  safe  and  economic  development  will  now  be  discussed. 
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Conditi<ms  Promoting  Development 

First,  any  oil-land  law,  whether  providing  for  disposal  of  the  land  by 
saJe  or  of  the  deposit  by  lease,  should  contain  a  provision  granting  exclu- 
sive occupancy  for  purposes  of  exploration.  Prospecting  for  oil  involves 
large  expenditures;  and  the  inherent  defect  of  the  old  placer  law,  when 
applied  to  oil-land,  was  this  absence  of  protection  prior  to  discovery. 
The  area  necessary  to  encourage  this  expensive  exploration  and  the  period 
essential  to  its  accomplishment  are  details  to  be  determined,  with  the 
rect^nition  that  geographic  and  geologic  differences  exist  which  render 
advisable  some  latitude  in  administering  different  fields,  so  that  a  maxi- 
mum area  is  all  that  should  be  fixed  by  law.  There  should  be  kept  in 
mind  also  the  need  on  the  one  hand  of  enforcing  purposeful  endeavor  and 
yet  on  the  other  of  avoiding  any  requirement  of  non-productive  "assess- 
ment work,"  The  prospecting-permits  would  terminate  by  forfeiture 
because  of  inadequate  prosecution  of  development  work  or  by  failure  to 
discover  oil  within  the  statutory  period,  or,  in  the  case  of  discovery  before 
its  expiration,  the  permit  would  ripen  into  a  lease. 

The  area  to  be  covered  by  the  lease  must  necessarily  be  the  whole  or 
a  part  of  that  included  under  the  preceding  permit,  the  granting  of  the 
larger  area  being  possibly  a  wise  method  of  rewarding  a  discovery  of  the 
"wildcat"  type.  The  period  of  the  lease  could  be  indeterminate,  the 
life  of  the  pool  furnishing  the  natural  limitation  upon  the  period  of 
operation.  Requirements  of  drilling  should  be  liberal  enough  to  provide 
little  more  than  what  would  constitute  the  natural  response  to  market 
conditions.  A  more  stringent  requirement,  however,  should  be  that  of 
compliance  with  all  waste  and  wat«r  regulations  imposed  under  the  police 
power  of  the  State. 

Terms  of  Lease 

Kecognition  by  the  lawmaker  of  the  existence  of  large  geologic  and 
commercial  differences  in  oil-fields  should  lead  him  to  fix  the  rate  of 
royalty  only  within  wide  limits,  or  leave  it  wholly  to  executive  discretion. 
Further,  as  market  prices  and  operation  costs  may  both  be  expected  to 
change,  provision  needs  to  be  made  for  a  varying  royalty  rate.  Thus, 
with  the  declining  yield  of  any  particular  pool,  unless  there  should  be  a 
corresponding  increase  in  price,  the  point  would  be  reached  when  the 
mai^in  between  cost  and  receipts  would  disappear,  even  before  the  wells 
ceased  to  yield  oil,  so  that  further  operation  would  require  a  reduction  in 
royalty  rate.  This  type  of  a  sliding  royalty  would  permit  the  largest 
possible  ultimate  yield. 

Even  though  not  fixed  for  the  purpose  of  revenue,  the  royalty  rates 
in  the  developed  fields  would  approximate  those  fixed  by  private  lessors, 
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80  that  the  returns  from  public  oil-land  leases  might  be  large,  and  could 
well  be  divided  between  National  and  State  treasuries. 


Preveniion  of  Monopoly 

The  primary  purpose  of  low  cost  to  the  consumer  may  Dot  be  attained 
by  simply  keeping  down  production  cost,  unless  some  measure  of  safe- 
guard is  provided  agwnst  the  possible  results  of  monopoly.  Agreements 
between  operators  either  to  restrict  production  or  to  raise  prices  may  be 
prevented  in  two  ways  under  leasehold.  Transfer  of  lease  should  be 
conditioned  upon  the  approval  of  the  Secretary  of  the  Interior,  and  an 
anti-combination  proviso  in  the  lease  should  carry  the  penalty  of  immedi- 
ate forfeitiu-e  of  the  lease,  allowing,  however,  the  opportunity  of  a  court 
appeal,  the  government  to  be  secured  by  bond  for  the  full  value  of  the  oil 
produced  during  the  period  covered  by  the  litigation. 

Another  condition  in  the  lease  that  might  be  thought  to  possess  a 
beneficial  influence  on  prices  would  be,  with  the  royalty  under  an  oil- 
lease  in  theory  a  royalty  in  kind,  the  reservation  to  the  lessor  of  an  option 
to  take  the  oil  itself  rather  than  its  equivalent  at  market  prices.  If  a 
large  acre^e  of  public  oil-land  were  operated  under  lease,  the  govern- 
ment itself  might  thus  be  one  of  the  larger  possible  factors  in  the 
market  and  exercise  a  positive  influence  in  keepii^  prices  expressive  of 
true  conditions  of  production  rather  than  of  a  manipulated  market. 
At  least,  if  the  government  could  not  thus  protect  the  general  public,  it 
would  insure  its  own  supply  for  Federal  use. 

Risumi 

An  oil-land  law  should  provide  for  exploration  under  a  permit  which 
fully  protects  the  prospector,  and  for  operation  under  a  lease  which 
favors  the  operator  by  a  reasonable  royalty  adjustable  to  actual  condi- 
tions, and  by  provisions  which  permit  low  costs  but  prevent  the  imposi- 
tion of  unduly  high  prices  on  the  consumer. 
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The  Mill  and  Metallurgical  Practice  of  the  Nipisslng  Mining  Co.,  Ltd., 
Cobalt,  Ont.,  Canada 

Discussioa  of  the  paper  of  Jaubs  Johnston,  presented  at  the  New  York  meeting, 
February,  1914,  uid  prmted  in  Bvlletin  No.  85,  January,  1914,  pp-  107  to  133. 

Chairuak  E.  Gybbon  SpiLSBDitT. — I  would  like  to  call  attention  to 
the  fact  shown  in  this  paper  that  less  than  five  years  or  perhaps  seven 
years  ago  Dobody  had  thought  it  possible  to  cyanide  with  success  silver 
ores.  The  cyaniding  of  silver  and  gold  ores  was  first  of  all  started  in 
Mexico,  and  gradually  extended  to  this  country  in  the  case  of  the  silver 
ores  alone.  The  average  extraction,  I  think,  for  the  metals  in  Mexico, 
in  the  case  of  the  silver  ore,  is  less  than  85  per  cent.,  whereas  here,  in  the 
case  of  a  very  complex  ore,  carrying  a  high  percentage  of  sulphur  and 
arsenic,  and  other  objectionable  elements,  the  ore  has  been  treated  so 
as  to  extract  an  average  of  95  per  cent,  of  the  silver  contents  of  the  ore. 
It  is  really  a  phenomenal  revolution  in  the  metallurgy  of  silver  ores  which 
has  been  demonstrated  and  worked  out  at  the  Nipissii^  mines. 

Gboroe  a.  Packard,  Boston,  Mass. — I  would  like  to  suggest  a  slight 
modification,  perhaps,  of  the  statement  which  is  made  that  no  one  con- 
sidered cyaniding  of  silver  ores  up  to  five,  or  perhaps  seven  years  ago, 
because  in  1897,  when  I  was  at  Mereur,  Utah,  one  mill  near  there  wa.s 
operating  on  silver  ores.  It  did  not  operate  very  successfully  from  a 
commercial  standpoint,  because  they  did  not  have  a  great  deal  of  ore, 
but  the  extraction,  I  was  told,  was  very  satisfactory,  and  I  am  quite 
confident  that  it  was,  because,  as  su^ested  by  the  name,  Chloride 
Point,  the  ores  were  silver  chloride  ores,  and  of  course  very  easily  soluble. 
Some  years  before  that,  in  ISd2,  I  made  some  tests  myself.  I  spent 
three  months  making  tests  on  more  or  less  complex  silver  sulphide  ores 
at  Vii^inia  City,  Mont.,  and  while  our  tests  on  the  plain  sulphide  ores, 
finely  ground,  were  quite  successful,  on  account  of  the  presence  of  a 
small  amount  of  copper  we  did  not  work  out  a  satisfactory  solution 
of  the  problem  at  that  time;  although  since  then  a  cyanide  plant  has  been 
erected  and  for  at  least  eight  years  these  ores  have  been  treated  by 
cyaniding  at  Virginia  City,  and  the  mill  is  still  in  operation.  The 
period  of  five  to  seven  years  should,  therefore,  be  modified  considerably, 
in  justice  to  the  pioneers  in  the  cyanide  processes. 

Reqinald  E.  Horb,  Toronto,  Ont.,  Canada.— I  hoped  that  there  would 
be  metallurgists  from  Cobalt  here  to  present  and  discuss  Mr.  Johnston's 
paper.  In  their  absence  a  few  remarks  from  mc  may  help  to  make  clearer 
to  you  what  they  have  accomplished. 

When  the  mining  activity  at  Cobalt  began,  it  was  recognized  that 
the  ore  was  a  very  difficult  one  to  deal  with.  The  valuable  mineral 
is  chiefiy  native  silver  occurring  in  particles  entangled  in  a  mixture  of 
smaltite,  niccolite,  caicite  and  other  minerals.    Much  of  the  ore  is  very 
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profitably  smelted,  even  though  little  or  do  profit  is  made  on  the  cobalt, 
nickel,  or  arsenic  contained  in  it. 

Soon  it  became  evident  that  a  process  must  be  devised  to  treat  the 
low-grade  ore.  Concentratii^  mills  were  built  and  were  succesaful  in 
treating  profitably  much  of  the  low  grade.  There  was,  however,  difficulty 
in  making  an  economical  recovery  of  the  last  5  or  6  oz.  per  ton."  After  a 
little  experience  with  milling,  many  who  were  especially  familiar  with 
cyaniding  processes  experimented  on  these  silver  ores.  At  the  Buffalo 
mill  the  cyaniding  treatment  was  used.  It  worked  fairly  well.  Only 
the  slimes  were  treated,  most  of  the  silver  being  recovered  by  concen- 
tration. At  the  O'Brien  and  Nova  Scotia  mills  cyaniding  treatment  was 
introduced  early.  In  the  case  of  some  of  the  ores  the  cyaniding  of  silver 
worked  fairly  well,  though  not  remarkably  well.  Managers  of  other 
properties,  profiting  by  the  experiences  at  the  Buffalo,  O'Brien,  and 
Nova  Scotia  mills,  left  it  pretty  much  alone.  Straight  concentration 
was  found  in  many  cases  to  be  more  satisfactory. 

The  silver  in  the  high-grade  ore  is  chiefly  native  silver.  The  low- 
grade  ore  has  a  lot  of  filmy  sulphides  as  well  as  native  silver  occurring  in 
the  crevices  of  the  fractured  rocks  on  either  side  of  the  high-grade  veins. 
The  silver  in  the  sulphides  and  antimonides  was  not  eadly  saved. 

There  was  for  some  time  a  very  decided  difference  of  opinion  as  to 
whether  it  was  worth  while  to  cyanide  the  Cobalt  alver  ores.  The  great 
success  of  the  straight  concentration  method  was  evident — there  were 
good  mills  working,  the  Coniagas  and  Northern  Customs,  for  instance. 

Among  the  most  remarkable  improvements  in  metallurgical  methods 
at  Cobalt  is  the  ama^amation-cyanidation  of  the  high-grade  ores. 
This  is  a  distinctly  new  method  of  winning  silver  from  ores.  The  high- 
grade  ore  is  treated  with  mercury  in  a  tube  mill  and  a  wonderful  recovery 
is  made  in  that  way. 

One  of  the  difficulties  of  treating  the  sulphides  in  the  low-grade  ores 
was  overcome  by  the  process  devised  by  J.  J.  Denny,  which  is  referred 
to  in  the  paper  as  a  desulphurizing  process.  Another  important  feature 
is  the  use  of  aluminum  dust  for  precipitation,  a  process  which  was  in- 
troduced in  Cobalt  by  S.  F.  Kirkpatrick,  of  the  School  of  Mining, 
Kingston.  Since  these  processes  have  been  adopted  the  cyaniding  of 
low-grade  ores  has  been  more  successful.  la  brief,  it  was  fouad  that 
some  low-^rade  ore  could  be  worked  and  milled  quite  profitably  without 
cyaniding,  but  low-grade  ores  which  contained  conraderable  sulphides 
were  costly  to  treat  until  the  new  process  was  devised,  Desulphuiizing 
by  aluminum  and  precipitation  by  aluminum  are  important  features 
at  the  Nipissing  plant,  which  is  so  creditable  to  the  metallui^ists  who 
have  been  connected  with  it  and  which  has  been  so  well  described  by 
Mr.  Johnston  in  the  paper  now  before  us. 

W.  A.  Caldbcott,  Johannesburg,  So.  Africa  (communication  to  the 
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Secretary*).-— This  detailed  article  ou  Nipissing  ore-treatment  methods 
is  of  specif  interest  to  the  writer,  both  on  account  of  his  association  with 
Messrs.  Butters  and  Johnston  in  their  earlier  metallurgical  work  in 
South  Africa,  and  also  on  account  of  his  visit  under  the  auspices  of  the 
Institute  to  the  Nipissing  in  1907,  when  the  treatment  of  such  low-grade 
ore  was  an  unsolved  problem,  and  when  in  fact  the  most  prominent  metal- 
lur^cal  appliance  in  Cobalt  camp  was  a  cobbing  hammer. 

The  authors  must  be  congratulated  on  the  practical  success  of  their 
striking  innovations,  such  as  crushing  in  0.25  per  cent,  caustic  soda 
solution  and  the  use  of  aluminum,  and  these  departures  illustrate  once 
more  the  necessity  of  modifjdng  known  methods  to  correspond  with  the 
conditions  of  new  problems. 

The  use  of  1,500-lb.  stamps  with  ^-in.  mesh  screening,  and  a  ratio  of 
ten  stamps  per  tube  mill,  is  in  accordance  with  the  latest  South  African 
practice,  although  the  weight  of  the  stamps  is  a  mean  between  those 
installed  in  recent  Kand  mills  and  those  in  general  use  in  the  United 
States.  No  doubt  the  low  stamp  duty  of  6.7  tons  is  due  to  the  hard  and 
tough  nature  of  the  ore.  The  water  ratio,  however,  of  7  to  1  in  the  bat- 
tery screen  pulp  and  of  11  to  1  in  the  final  slime  pulp  overflow  seems 
high  as  compared  with  the  5  to  I  practicable  here,  and  entails  additional 
classifier  capacity  and  pumping. 

In  view  of  the  fact  that  the  —  200-mesh  sand  requires  regrindtng,  it  is 
possible  that  260  meeh  (0.0023  in.  aperture)  screening,  now  commercially 
obtainable  and  in  use  here,  could  be  used  with  advatitage  in  the  grading 
analysis,  as  a  sample  containing,  say,  2.6  per  cent.  +200  may  show 
13.1  per  cent.  +260. 

It  is  probable  that  the  crushing  efllciency  of  the  large  tube  mills 
employed  would  be  materially  increased  if  fed  with  double  or  treble  the 
present  tonnage  of  sand  per  24  hr.,  so  as  to  provide  sufficient  coarse 
particles  to  fully  utilize  the  impact  of  the  falling  pebbles  near  the  dis- 
charge end. 

It  is  not  clear  from  the  paper  why  the  high-grade  ore  is  subjected  to 
the  treatment  detailed  in  the  paper,  since  the  total  residue,  assaying  26.484 
oz.  per  ton,  is  sold  and  presumably  smelted,  which  treatment  might  be 
applied  to  the  ore  in  the  first  instance. 


Safeguarding  the  Use  of  Electricity  in  Mines 

Discussion  ofthe  paper  of  H.H.  Clark,  presented  at  the  New  York  meeting,  February, 
1914,  and  printed  in  BiUlain  No.  88,  April,  I9I4,  pp.  715  to  719. 

Gbobge  S.  Rice,  Pittsburg,  Pa. — On  behalf  of  the  mining  division 
of  the  Bureau  of  Mines,  I  want  to  heartily  concur  in  what  Mr.  Clark  has 
•  EeceiTed  Apr.  3,  19U. 
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aaid,  and  to  emphasize  that  in  the  introduction  of  the  miner's  portable 
electric  lamps  of  permissible  type  there  will  be  a  very  great  gfun  for 
safety,  not  alone  in  coal  mining,  where  there  is  a  possibility  of  the  ignitioD 
of  fire  damp,  but  also  in  metal  mines,  where  there  is  a  possibility  of  cauaing 
fires  through  open  lights.  Aa  the  matter  stands  at  the  present  time,  it 
may  be  some  time  before  we  can  expect  to  see  the  open  lamps  in  metal 
mines  supplanted,  but  I  hope  it  is  not  so  far  off  in  the  case  of  either  gase- 
ous or  non-gaseous  coal  mines.  Safety  lamps,  as  compared  with  the 
electric  cap-lamp,  are  cumbersome  and  present  elements  of  danger  in 
careless  hands.  The  projwr  place  in  coal  mines  for  safety  tamps  is,  aa  I 
see  it,  only  for  the  testing  of  gas,  and  it  may  be  that  in  the  near  future  we 
will  have  better  means  for  testing  for  gas  than  this. 

The  number  of  accidents  that  occur  from  open  lights  in  coal  mines  is 
surprising.  Unfortunately,  the  mining  statistics  which  are  gathered  by 
the  various  States  do  not  bring  this  out  clearly,  but  in  Great  Britain  in 
certain  districts  where  they  gather  figures  giving  the  cause  of  accidents 
from  explosions  and  fires  in  open-lamp  mines  and  safety-lamp  mines,  90 
per  cent,  of  such  accidents  have  arisen  from  the  use  of  the  open  light. 

In  the  matter  of  the  introduction  of  electricity  in  mines,  although 
it  has  proved  of  great  commercial  benefit,  I  think  it  must  be  admitted 
that  it  has  increased  the  hazards  of  mining,  in  the  case  of  coal  mines,  from 
the  ignition  of  fire  damp,  by  the  trolley  or  grounding  of  power  lines,  and  in 
both  the  coal  and  metal  mines,  as  a  source  of  ignition  of  fires.  But 
electricity  is  so  convenient  we  would  not  like  to  be  without  it,  and  the 
best  thing  to  do  is  to  make  it  as  safe  as  we  can. 

I  think  that  one  of  the  points  which  will  need  the  attention  of  the 
electrical  engineers  is  as  to  the  use  of  insulation  for  underground  power 
wires.  Abroad  that  is  required.  In  this  country  it  is  not,  and  it  has 
been  constantly  brought  to  my  attention,  from  the  reports  of  accidents, 
that  if  the  wires  had  been  insulated  perhaps  the  accident  would  not  have 
occurred.  I  have  in  mind  one  recent  investigation  which  developed  that 
in  all  probability  an  explosion  of  fire  damp  was  caused  by  a  wire  grounding 
from  a  piece  of  slate  having  fallen  on  the  bare  power  line,  and  carried  it 
down  so  that  it  grounded  against  the  rail. 

There  is  one  point  I  might  speak  of  in  Mr.  Clark's  paper,  which  I 
think,  perhaps,  might  give  an  impression  different  from  what  he  meant. 
He  referred  to  the  fact  that  the  Bureau  would  take  up  tests  of  the  ignition 
of  coal  dust  when  we  had  funds.  He  undoubtedly  meant  the  study  of 
different  electrical  means  of  igniting  coal  dust,  because  for  the  last  three 
or  four  years  the  Bureau  has  been  gathering  samples  of  coal  dust  in  coal 
mines  throughout  the  country  and  testing  them  in  laboratory  apparatus 
which  employs  electricity  for  ignition,  for  determination  of  their  relative 
inflammability.  Kegarding  the  latter  we  have  not  yet  reached  conclu- 
sions,  but  do  find  very  marked  variations  in  inflammability  in  different 


.coy  Google 


8APBQUABDINQ  THE  USB  OF  ELECTRICITT  IN  MINES  1177 

coal  dusts,  apart  from  the  ash  contents.  Sometimes  coal  duata  from  the 
same  district  and  giving  about  the  aame  approximate  analysis  difEer  very 
markedly.  The  physical  characteristics,  the  grouping  of  the  molecules 
of  the  coal,  and  the  relative  presence  of  spores  all  may  be  factors.  The 
ioterrelation  of  the  chemical  constituents  is  very  complicated.  The 
nearest  parallel  to  the  comparative  inflammability  I  can  observe  is  in 
the  relative  heat  value  of  the  coal,  rather  than  in  the  presence  of  oxygen 
as  a  constituent  of  the  coa!  or  in  the  different  proportions  of  its  hydro- 
carbons, with  the  exception  that  Pennsylvania  anthracite  dust  is  not  ex- 
plosive. The  study  is  s  very  useful  one  in  following  up  the  propagation 
of  mine  explosions.  For  example,  in  the  case  of  a  recent  disaster  in 
New  Mexico,  we  had  samples  gathered  at  all  the  points  where  the  ex- 
plodon  died  away,  and  it  is  very  interesting  to  see  that  the  results  in 
these  laboratory  inflammability  tests  compare  very  closely  with  relative 
violence  or  checking  of  the  explosion  in  the  mine  in  the  respective  dis- 
tricts where  the  samples  were  gathered.  On  a  large  scale  we  make  some- 
what similar  tests  at  the  experimental  coal  mine  near  Pittsburg,  in 
explosion  experiments.  Different  mixtures  of  dust  are  tried,  an  inert 
dust  being  mixed  with  the  coal  dust,  to  observe  how  much  the  inflam- 
mabihty  is  reduced. 

E.  Gtbbon  Spilsbuhy,  New  York,  N,  Y. — I  would  like  to  ask  Mr- 
Clark  how  far  the  development  of  the  electric  lamp  has  been  carried,  and 
also  if  the  weight  has  been  reduced  in  comparison  with  the  weight  of  the 
ordinary  safety  lamp  used  in  the  coal-mining  district. 

H.  H.  Cla.rk. — In  reply  to  Mr.  Spilsbury's  question,  with  reference 
to  the  development  and  the  weight  of  the  electric  lamp,  I  will  say  that  the 
development  of  the  electric  lamp  is  now  in  its  infancy.  We  have  been 
at  work  in  collaboration,  so  to  speak,  with  the  manufacturers  something 
over  a  year  and  a  half.  I  do  not  know  that  we  can  say  that  any  lamp  is 
completely  developed,  althoi^h  some  are  very  nearly  so,  and  I  believe 
that  there  will  shortly  be  on  the  market  a  practical,  efBcient,  and  safe 
lamp,  that  will  meet  the  requirements  of  the  authorities,  that  will  weigh 
in  the  vicinity  of  3^  lb.,  and  that  will  give  a  good  deal  more  light  than 
the  safety  lamp  will.  The  light  will  also  be  disposed  in  a  better  way,  so 
that  a  man  can  easily  see  the  roof  or  the  sides  or  the  floor  of  the  mine,  or 
concentrate  the  light  by  being  able  to  put  his  head  closer  to  the  part  he 
mshes  to  see.  The  development  is  proceeding  rapidly,  when  everything 
is  considered. 

There  are  a  number  of  different  manufacturers  working  on  the 
problem,  and  all  of  them  seem  to  be  making  headway;  they  will  finally 
develop  an  article  that  will  be  strong,  substantial  and  give  a  satisfactory 
amount  of  hght,  a  lamp  which  wiU  stand  up  under  service. 

E.  Gtbbon  Spilsbubt. — What  is  the  weight  of  the  ordinary  safety 
lamp? 
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H.  H.  Clark. — I  am  not  ppeitive,  I  think  it  is  about  3  or  3J  lb. 

G.  S.  Rice. — Wheu  the  safety  lamps  bjb  made  of  aluminum,  they 
weigh  from  3J  to  4  lb.,  but  the  ordinary  miners'  safety  lamp  is  made  o[ 
brass  and  this  weighs  from  5  to  5}  lb. 

The  fact  might  be  brought  out  that  a  type  of  electric  lamp  which  seems 
to  be  favored  ia  this  couatry  ia,  not  the  hand  lamp,  but  a  cap  type  d 
lamp,  with  a  cord  going  down  at  the  back  to  the  battery,  which  is  carried 
by  a  wuBt  belt,  thus  presenting  advantages  over  the  safety  lamp  carried 
by  hand,  which  makes  a  man  one-handed,  or,  if  he  hangs  the  lamp  from 
his  clothing  or  belt,  there  is  danger  of  breaking  the  glass  chimney  of  the 
safety  lamp. 

B,  F.  TiLLBON,  Franklin  Furnace,  N.  J. — I  would  ask  Mr.  Clark 
whether  the  light  in  the  tamp  to  which  he  refers  is  supplied  by  a  storage 
battery,  or  is  the  lamp  of  a  type  which  was  more  recently  developed,  in 
whch  electrodes  of  carbon,  zinc  or  other  metals  are  used  in  primary 
batt«ries.  There  has  come  to  my  attention  a  lamp  which  uses  different 
electrodes,  which  electrodes  require  replacement  each  shift.  That  type 
of  lamp  seems  to  be  lighter  than  the  ston^e-battery  lamps  which  we  have 
tried. 

We  have  tried  lamps  in  metal  mining  chiefly  for  the  use  of  men  in  the 
powder  house  and  of  the  men  who  are  priming  the  sticks  of  powder,  so  as 
to  avoid  any  naked  lights  or  lanterns  under  such  conditions.  The  lamps 
of  a  storage-battery  type  which  we  have  tried  have  been  too  heavy  for 
cap  lamps  or  workmen's  lanterns.  We  have  seen  some  in  which  they 
used  electrodes,  and  changed  the  electrodes  each  shift,  which  were  lighter. 
I  do  not  know  what  would  be  the  limit  in  the  reduction  of  weight  in  future 
designs  of  a  primary-cell  type. 

H.  H.  Clark. — -The  lamp  I  had  mora  particular  reference  to  was  a 
lamp  of  the  storage-battery  type.  There  have  been  attempts  made  to 
develop  a  primary-battery  lamp,  and  I  hope  they  may  be  successful 
eventually.  The  primary-battery  lamp  will  probably  be  a  little  lighter 
than  the  storage-battery  lamp. 

The  lamp  I  had  in  mind  when  speaking  a  few  moments  ago  was  the 
cap  type  of  lamp  which  is  used  by  most  of  the  miners  in  the  Western 
Pennsylvania  field.  The  hand  type  of  lamp  will  probably  weigh  more 
than  the  cap  type  of  lamp,  but  will  give  more  light  than  the  cap  type 
of  lamp.  The  casing  will  be  made  heavier.  Probably  an  electric  hand 
lamp  will  weigh  from  4  to  5  lb.,  depending  on  the  amount  of  l^ht  the 
lamp  is  to  give,  or  the  length  of  time  that  the  lamp  is  required  to  pro- 
duce that  light. 

The  cap  type  of  lamp  I  refer  to  as  weighing  3}  lb.  was  a  storage-bat- 
tery equipment,  althoi^h,  as  Mr.  Tillson  si^gests,  there  are  one,  or  pos- 
sibly two,  primary-battery  lamps  which  are  now  in  the  midst  of  their 
development. 
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The  Application  of  Electric  Motors  to  Shovels 

Discusaioa  of  the  paper  of  E.  W.  Roqebs,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  BuOetin  No.  86,  February,  1914,  pp.  299  to  309. 

William  Kellt,  Vulcan,  Mich. — This  is  certainly  a  very  interesting 
paper,  for  the  application  of  electricity  to  steam-shovel  work  is  perhaps 
one  of  the  most  difficult  of  its  apphcations.  The  full  load  comes  on  at 
once,  is  of  very  brief  duration,  and  then  the  operation  must  come  to  rest. 
The  control  must  be  positive,  for  if  the  moving  parts  go  too  far  there 
is  disaster.  To  control  such  a  machine  by  electricity  is  exceedingly 
difficult.    I  would  like  to  ask  where  electric  shovels  are  in  operation. 

H.  W.  Rogers. — There  are  three  four-motor  direct-current  shovels 
at  the  Empire  Limestone  Co-'s  quarry,  Sanborn,  N.  Y.;  one  four-motor 
alternating-current  shovel  operated  by  the  Acton  Rock  Co.,  Los  Alleles, 
Cal.;  one  three-motor  alternating-current  shovel  owned  by  the  United 
States  Reclamation  Service,  near  Fallon,  Nev.;  one  three-motor  alternat- 
ing-current shovel  at  the  Granite  Quarries,  Ltd.,  Vancouver,  B.  C,  and 
several 'Smaller  friction  electric  shovels  owned  by  the  Ontario  Power 
Co.,  the  Los  Angeles  Aqueduct  Co.,  the  Milwaukee  Electric  Railway  Co., 
and  the  Chautauqua  Traction  Co. 

E.  Gybbon  Spilsbuby,  New  York,  N.  Y.— I  would  like  to  ask  whether 
the  adoption  of  the  motor-generator  system,  with  heavy  fly  wheel,  has 
been  thought  of  in  connection  with  this  work.  It  is  used  in  hoisting  v/ork 
in  mines  where  the  same  conditions  of  stoppage  and  starting  of  heavy 
loads  obtain.  If  a  motor-generator  set  waa  put  on  the  shovel,  would  not 
the  intense  peaks  be  more  or  less  cut  down? 

H.  W.  RoOBBS.— The  line  peaks  would  undoubtedly  be  reduced  by 
using  a  fly-wheel  motor-generator  set  with  Ward-Leonard  control,  but 
calculations  which  I  have  recently  made  on  a  120-ton  shovel  equipped 
with  a  four-imit  fly-wheel  set  show  that  the  space  occupied  by  the  boiler 
and  water  tanks  (approximately  15  by  9  ft.)  is  not  sufficient,  as  the  motor- 
generator  set  requires  approximately  25  ft.  In  addition  to  this  such  an 
equipment  would  be  too  expensive  to  consider. 

Thouas  T.  Read,  New  York,  N.  Y. — What  are  the  chief  advantages 
and  drawbacks  of  the  electric  equipment  as  compared  with  steam-shovel 
work?  One  of  the  chief  items  of  cost  in  shovel  work  in  mining  is  lost 
time,  and  I  was  wondering  what  effect  the  electric  equipment  would  have 
on  that  as  compared  with  steam. 

H,  W.  Rogers.— The  chief  advantages  of  the  electric  shovel  are 
lower  operating  oost  and  reduction  in  lost  time  due  to  fewer  repairs  and 
breakdowns.  The  only  disadvantage  is  the  increased  initial  cost,  which 
should  not  be  considered  apart  from  the  operating  expense.  Whether 
a  shovel  is  steam  or  electricaUy  operated  should  not  affect  the  spotting 
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of  cars  and  although  the  shovel  may  be  idle  during  this  process  it  is  not 
using  any  power  if  it  is  electrically  operated. 

William  Kellt. — There  jvould  be  a  saving  in  power,  and  there  would 
also  be  a  saving  in  the  number  of  men  used  for  operating  the  shovel. 
Are  any  of  these  shovels  operated  with  one  man? 

H.  W.  Rogers. — So  far  as  I  know,  all  existing  electric  shovels  require 
two  operators,  although  the  service  of  the  fireman,  the  watchman,  the 
coal  passer,  a  team  for  one-half  day,  and  considerable  oil  and  waste  are 
eliminated.  In  addition  to  this  there  may  be  a  further  saving  in  power 
consumption,  but  this  will  depend  entirely  on  the  comparative  cost  of 
coal  and  power. 

F.  H.  Ariwtbong,  Vulcan,  Mich. — I  gather  from  your  paper  that  you 
prefer  the  direct-current  shovel.  How  would  you  advise  a  company 
equipped  only  with  alternating  current  to  handle  this  electric-shovel 
proposition? 

H.  W.  Rogers. — That  question  is  treated  on  the  last  two  pages  of 
the  paper,  I  recommend  the  use  of  direct-current  aeries  motors  with  a 
motor  generator,  as  the  characteristics  of  the  series  motor  very  nearly 
approach  those  of  the  steam  engine.  I  do  not  claim  that  it  is  impos- 
sible to  operate  a  shovel  with  alternating-current  motors,  but  that  it  re- 
quires motors  of  from  50  to  100  per  cent,  larger  capacity  than  the  direct 
current  to  accomplish  the  same  results  and  with  an  increase  in  powCT 
consumption. 

F.  H.  Armstrokg. — I  understood  you  to  say  there  was  not  room  on 
the  shovel  for  a  motor-generator  set? 

H.  W.  Rogers.— My  answer  to  Mr.  Spilbury's  question  was  in  refer- 
ence to  Ward-Leonard  control  with  a  four-unit,  fly-wheel,  motor-generator 
set,  which  cannot  be  mounted  on  a  standard  shovel  on  account  of  insufh- 
cient  space. 

F.  H,  Armstrong.— What  I  will  have  to  say  now  really  is  not  in  dis- 
cussion of  the  paper  under  consideration,  because  it  is  a  somewhat  differ- 
ent shovel,  but  in  a  sense  it  is  an  indirect  discussion  of  it.  I  refer  to  an 
electric  shovel  which  our  company  in  Michigan  is  now  constructing. 

It  has  only  one  motor,  and  is  a  combination  of  an  electric  and  b  hy- 
draulic operation.  The  motor  drives  a  centrifugal  pump,  which  pumps 
water  to  a  pressure  of  250  lb.  into  a  pressure  tank,  above  which  is  an 
air  tank,  to  allow  stori^e  of  power,  and  the  water  is  carried  to  cylinders, 
one  lai^  plunger  cylinder  for  the  hoist,  a  smaller  double-.icting  cylinder 
for  the  swing,  with  a  rope  from  either  end  up  to  each  aide  of  the  swing 
circle,  and  cylinders  on  the  sides  of  the  boom,  double  acting,  for  the  thrust. 
We  have  only  just  built  this  shovel,  and  have  not  had  it  in  the  ore  pile, 
and  cannot  say  how  it  will  work,  but  we  have  tried  it  out  otherwise  with 
fairly  satisfactory  results,  as  far  as  we  can  tell. 
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Walter  Fbbrih,*  So.  Milwaukee,  Wis.  (communication  to  the 
Secretaryt)-— Mr.  Rogers's  article  seems  to  the  present  writer  to  give  a 
very  incomplete  idea  of  the  actual  present  state  of  development  of  the 
electric  excavator.  In  brief,  after  classifying  electric  shovels  into  various 
types  be  proceeds  with  an  ai^ument  to  show  the  advantages  of  direct- 
current  machinery  over  alternating-current  machinery  without  calling 
attention  to  the  large  preponderance  of  alternating-current  machines  now 
in  actual  service.  I  have  not  the  exact  figures  of  the  number  of  electric 
excavators  put  out  by  other  concerns,  but  it  seems  a  proper  statement  to 
make  here  that  during  the  last  two  and  one-half  years  the  Bucyrus  Co. 
alone  has  built  17  electric  shovels  and  drag  lines,  all  of  which  have  been 
equipped  with  alternating-current  motors  with  the  exception  of  one  small 
revolving  shovel  and  one  medium-sized  drag  line.  The  only  reason  for 
these  exceptions  is  that  alternating  current  was  not  available  where  these 
machines  were  to  be  used  and  we  do  not  consider  the  advantage  of  alter- 
nating current  over  direct  current  sufficient  to  justify  putting  in  a  motor- 
generating  set  to  obtain  alternating  current. 

We  do,  however,  believe  that  alternating-current  equipment  is  dis- 
tinctly superior  to  direct,  not  only  because  of  the  great  advantage  in  sim- 
plicity of  mechanism,  but  because  the  characteristics  of  wound  rotor 
induction  motors  are  better  adapted  to  shovel  service  than  are  the  char- 
acteristics of  series  motor.  The  ability  of  a  series  motor  to  run  up  to 
high  speed  under  small  loads  hEts  scarcely  any  application  in  shovel  opera- 
tion. The  only  part  of  a  cycle  where  the  load  is  small  enough  to  take 
advantage  of  this  point  is  just  after  the  dipper  is  dropped  into  the  pit, 
when  the  operator  starts  the  hoisting  motor.  At  this  point  the  work  to  be 
done  is  to  accelerate  the  rotor,  take  up  slack  chain,  and  move  the  dipper 
over  any  space  which  may  intervene  before  it  reaches  the  material  to  be 
dug.  A  httle  observation  of  shovels  in  actual  operation  will  show  that  a 
good  operator  makes  it  a  point  not  to  have  much  slack  chain  to  take  up, 
and  to  lower  the  dipper  into  the  pit  close  to  the  point  where  di^ng 
commences. 

The  digging  stroke  usually  begins  with  quite  an  acute  angle  between 
the  chain  and  the  dipper  handle,  so  that  winding  in  sufficient  chain  to  make 
1  ft.  of  bail  travel  will  move  the  dipper  teeth  forward  2  ft.  or  more  in  the 
direction  of  digging.  For  this  reason  it  is  not  usually  necessary  to  accel- 
erate the  hoisting  motor  very  quickly.  A  good  operator,  either  with  elec- 
tric motor  or  engine,  starts  his  dig^g  stroke  quite  gently,  and  there  is  no 
opportunity  for  the  series  motor  to  save  time  by  running  fast  under  light 
load  at  this  part  of  the  cycle.  After  the  digging  part  of  the  cycle  is  com- 
pleted, the  full  dipper  frequently  has  to  be  raised  several  feet  before  it  is 
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high  enough  to  dump  into  the  car.  In  nine  cases  out  of  ten  there  is  plenty 
of  time  to  ruse  the  dipper  slowly  before  the  swin^i^  movement  has 
brought  it  into  dumping  position.  If  this  were  not  the  case  the  series 
motor  would  not  be  able  to  raise  the  dipper  fast  any  way,  as  the  bwl  pull 
with  a  loaded  dipper  held  out  at  dumping  radius  will  require  approxi- 
mately the  rated  torque  of  the  hoisting  motor. 

Let  U8  now  consider  the  action  of  the  series  motor  during  the  heavy  dig- 
^ng  part  of  a  stroke.  At  this  time  the  motor  is  usually  working  consider- 
ably above  its  rated  load  and  the  speed  will  therefore  be  pulled  down.  A 
certain  amount  of  speed  reduction  under  heavy  load  is  desirable.  This 
amount  should  be  enough  to  inform  the  operator  about  how  hard  the 
machine  is  pulling,  but  any  further  reduction  in  speed  tends  to  reduce  the 
output  unnecessarily. 

The  wound  rotor  induction  motor,  provided  with  a  proper  amount  of 
resistance  in  the  rotor  circuit,  will  very  nearly  approach  the  performance 
of  the  ateam  engine.  It  will  start  promptly,  accelerating  to  full  speed,  if 
this  should  be  desired,  in  less  than  1  sec.  After  the  dipper  strikes  the  dirt 
it  will  pull  through  and  load  the  dipper  with  a  proper  reduction  of  speed. 
After  the  dipper  is  full  and  is  pulling  out  of  the  bank  the  motor  will 
promptly  accelerate  to  a  speed  very  slightly  above  full-load  speed,  han- 
dling the  dipper  with  all  desirable  promptness. 

In  some  places  it  is  advisable  to  place  some  permanent  resistance  in  the 
rotor  circuit,  but  the  resistance  is  usually  automatically  cut  in  and  out  by 
solenoid  switch  control.  The  operator  has  a  master  controller  which 
enables  him  to  run  the  motor  on  any  desired  step  of  resistance,  while  the 
automatic  solenoids  will  promptly  cut  in  additional  resistance  should  the 
current  exceed  a  proper  maximum.  With  this  arrangement  the  author's 
statement  that  the  maximum  torque  cannot  be  obtuned  on  starting  is 
quite  incorrect.  The  rotor  will  either  start  or  stall  at  maximum  torque, 
and  automatic  jamming  relays  prevent  the  current  from  reaching'  the 
breakdown  point. 

While  it  is  advisable  to  keep  the  rotor  inertia  small,  we  consider 
that  neither  any  saving  of  power  nor  any  saving  of  time  is  ever  a  gain  such 
as  to  justify  using  two  motors  where  only  one  is  necessary.  As  in  the  case 
of  steam  shovels,  small  power  economies  do  not  usually  govern  in  the  mat- 
ter of  selection  of  proper  equipment.  In  most  of  the  electric  installations 
DOW  being  made,  coal  is  so  expensive  as  to  leave  no  doubt  as  to  the  desir- 
ability of  electric  equipment,  and  the  cost  of  electric  power  is  quite  moder- 
ate, being  frequently  as  low  as  ^c.  per  kilowatt-hour.  On  the  basis  of 
actual  results  from  shovels  long  in  operation  we  find  that  the  average  cur- 
rent consumption  per  yard  of  material  varies  from  0.3  to  0.4  kw-hr.  per 
yard  excavated,  possibly  0.75  kw-hr.  for  each  cycle  of  a  2§-yard  shovel. 
Taking  the  author's  example  in  which  he  shows  a  saving  of  about  50  h.p. 
for  1  sec.,  due  to  small  loads,  I  find  this  amount  to  be  considerably  less 
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than  1  per  cent,  of  the  power  used  by  the  entire  shovel  durii^  a  single 
cycle. 

When  trifling  savings  of  this  kind  are  compared  with  the  additional 
complications  necessary  to  prodyee  them  the  apparent  economy  usually 
disappears.  In  the  present  case  the  author  shows  an  arrangement  of  main 
hoisting  machinery  involving  two  hoist  motors  with  spur  gear  reduction 
to  two  intermediate  shafts,  with  two  bevel  or  miter  gear  transmis^ons  to 
a  transverse  pinion  shaft.  On  this  shaft  is  a  spur  pinion  meshing  with  the 
hoisting-dnim  gear.  For  comparison  with  this  we  submit  the  arrange- 
ment of  shovel  machinery  shown  in  Fig.  1,  where  the  hoisting  drum  is 
driven  by  a  single  motor  with  two  pairs  of  spur  gears  and  one  inter- 
mediate shaft  as  against  the  two  motors,  three  p^rs  of  spur  gears,  two 
pairs  of  bevel  gears,  and  three  intermediate  shafts  described  by  the 
author. 

Pursuing  the  matter  of  simplicity,  it  appears  that  the  alternating- 
current  shovel  involves  three  motors  and  three  sets  of  slip  rings  as  the  only 
electrical  rotating  parts  to  be  maintained.  In  many  cases  three  station- 
ary transformers  are  also  used.  As  against  this  the  author  proposed  for 
use  with  alternating  supply  a  motor-generator  set  and  four  series  motors 
with  commutators.  This  makes  a  total  of  six  revolving  electrical 
machines,  having  five  commutators  and  one  set  of  slip  rings.  It  u  typical 
of  shovel  service  that  this  electrical  machinery  will  have  to  work  in  con- 
siderable grit  and  dust,  which  is  particularly  unhealthy  for  commutators. 
Slip  rings  are  much  less  delicate  and  will  stand  a  good  deal  of  grinding 
down  without  giving  trouble. 

To  justify  such  an  excess  of  parts  to  be  maintained  we  think  a  very 
strong  case  must  be  made  out  showing  important  advantages  in  favor  of 
direct-current  machines.  The  author  claims  a  large  excess  in  motor  cap- 
acity which  is  required  for  alternating  current.  This  is  true  to  a  certain 
extent,  which  we  believe  is  much  nearer  25  than  45  per  cent.  If  the  addi- 
tional cost  of  maintenance,  and  especially  the  cost  of  delays  which  will 
undoubtedly  be  chained  against  commutator  maintenance,  could  he 
figured,  the  writer  believes  that  the  amount  would  be  largely  in  favor  of 
the  simpler  alternating  motors  even  at  a  higher  cost. 

As  a  matter  of  fact  a  large  majority — probably  at  least  three-fourths— 
of  all  of  the  lai^e  excavators  (three-motor  and  four-motor  machines) 
built  durii^  the  past  two  years,  have  been  equipped  with  alternating 
motors,  and  it  is  of  record  that  the  machines  built  by  the  Bucyrus  Com- 
pany have  ^ven  uniform  satisfaction  and  are  all  in  successful  operation 
at  the  present  time. 

H.  W.  RoQERB  (communication  to  the  Secretary*). — It  is  not  the 
purpose  of  my  paper  to  deal  with  the  present  state  of  development  of  the 
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electric  shovel,  except  to  show  that  it  is  a  pos^bility,  but  rather  to  lend 
fud  in  settling  the  discussion  as  to  whether  direct-current  series  motors 
or  alternating-current  slip-ring  motors  should  properly  be  used.  The 
various  types  of  electric  shovels  outlined  will  cover  practically  every  one 
that  is  in  operation  at  the  present  time,  and  the  fact  that  several  are 
equipped  with  alternating-current  motors  does  not  alter  the  situation. 

When  referring  to  shovels,  I  mean  one  particular  type  of  excavator, 
which  does  not  include  the  so-called  drag  line  excavator,  which  has  a  very 
much  slower  cycle  and  for  which  alternating-current  motors  are  the  best 
adapted  when  alternating  current  is  available.  Mr.  Ferris  mentions  17 
excavators  which  he  has  equipped  with  alternating-current  motors  during 
the  past  two  and  one-half  years,  and  in  addition  to  these  there  have  prob- 
ably been  a  dozen  more  put  out  by  other  concerns. 

There  is  no  doubt  but  that  the  steam  en^ne  possesses  ideal  character- 
istics for  shovel  service  and  the  motor  that  mots  nearly  approaches  these 
characteristics,  whether  it  be  direct  or  alternating  current,  is  the  most 
suitable  motor  to  use.  The  series  directHSurrent  motor  possesses  these 
characteristics  and  requires  a  considerably  smaller  capacity,  to  do  the 
same  work,  than  the  alternating-current  motor,  and  although  the  motor 
may  not  be  called  upon  to  come  to  speed  rapidly  during  every  cycle, 
the  increased  inertia,  due  to  the  lai^er  motor,  will  always  call  for  an 
increased  power. 

Mr.  Ferris,  in  referring  to  the  saving  gained  by  using  two  75-h.p. 
motors  instead  of  one  150-h.p.motor,states  that  this  amounts  to  consider- 
ably less  than  1  per  cent.,  whereas  it  actually  amounts  to  1^  per  cent,  of 
the  power  required  during  the  complete  cycle. 

In  comparing  this  drive  with  the  one  submitted  by  Mr.  Ferris,  from  the 
efficiency  standpoint,  the  gearing  and  shafting  from  one  motor  only  should 
be  considered,  as  the  motors  are  operating  in  multiple.  The  comparison 
resolves  itself  into  one  extra  pair  of  bevel  gears  and  one  intermediate  shaft 
for  the  two-motor  drive,  which  does  not  look  as  unfavorable  as  the  com- 
parison drawn. 

So  far  as  the  operation  is  concerned,  the  series  motor  will  give  smaller 
variation  in  speed  under  heavy  loads,  on  rheostatic  control,  and  slightly 
greater  variations  in  speed  under  light  loads,  without  resistance  in  the 
circuit,  than  the  induction  motor,  and  will  come  to  speed  in  a  given  time 
with  coimderably  less  power.  It  can  be  made  to  run  at  speeds  above 
normal  full-load  speed  while  dehvering  full-load  torque,  whereas  the 
induction  motor  cannot  run  above  synchronous  speed  without  additional 
equipment,  which  is  too  complicated  and  expensive  to  be  considered  for 
shovel  service.  As  a  matter  of  fact,  the  comparison  made  between  direct- 
aod  alternating-current  equipments  in  the  paper  is  based  on  the  series 
motor  delivering  full-load  torque  at  the  h^h  speeds;  otherwise  the  power 
consumption  shown  on  this  equipment  would-be  about  8  per  cent,  less. 
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and,  taking  into  consideration  the  inertia,  the  power  required  by  the  alter- 
nating-current equipment  would  be  slightly  over  50  per  cent,  in  excess  of 
that  required  by  the  direct-current  equipment.  It  would  seem  that  such 
a  saving  is  worthy  of  consideration. 

While  it  need  not  necessarily  be  considered  a  disadvantage  to  the 
induction  motor,  it  is  a  fact  that  the  maximum  torque  is  not  obtainable  at 
standstill,  but  inasmuch  as  the  maximum  biul  pull  is  not  based  on  the 
maximum  running  torque  this  may  be  disregarded.  As  far  as  simplicity 
is  concerned,  the  direct-current  control  requires  fewer  contactors,  is  less 
complicated,  and  less  expensive  than  the  alternating-current  control 
and  the  motors  recommended  are  of  the  mill  type,  totally  inclosed  con- 
struction, which  eliminates  any  commutator  trouble  due  to  grit  or  dust. 

The  motor  of  the  motor-generator  set  would  not  be  of  the  slip-ring 
type  and  consequently  would  give  no  trouble  due  to  collector  rings.  There 
is  no  doubt  whatever  about  the  possibility  of  operating  a  shovel  with 
alternating-current  motors,  but  when  taking  all  things  into  consideration 
it  is  more  advantageous  to  use  the  direct-current  equipment,  even  though 
it  makes  the  use  of  a  motor-generator  set  necessary. 


MiniiME  and  Hintng  Methods  in  the  Southeast  Missouri  Disseminated- 
Lead  District 

Diacuaaion  of  the  paper  of  H.  A.  GiTEae,  presented  at  the  New  York  meetii^,  February, 
I9U,  and  printed  in  BuOetin  No.  84,  December,  1913,  pp.  2749  to  2768. 

William  Whalby,*  Knoxville,  Tenn. — Reference  ia  made  in  Mr. 
Guess's  paper  to  the  Myers-Whaley  Co.  shoveling  machine,  and  the  opin- 
ion is  expressed  that  "  it  is  improbable  that  it  will  ever  be  found  profitable 
to  use  this  mechanical  shovel  except  in  stopes  20  ft.  or  more  in  height, 
as  in  the  lower  stopes  the  small  size  of  the  piles  of  broken  rock  would 
render  necessary  the  frequent  moving  of  the  shovel."  It  is  also  stated 
that  it  is  doubtful  if  average  per  ton  cost  of  shoveling  is  any  lower  than 
by  hand. 

I  think  that  further  data  should  be  given,  as  I  do  not  agree  with  either 
of  Mr.  Guess's  conclusions  above.  The  shoveling  machine  is  very  port- 
able  and  moves  under  its  own  power  from  one  place  to  another  in  a  few 
minutes,  usually  between  5  and  10  min.,  and  to  get  profitable  operation 
in  low  mines  it  is  only  necessary  to  provide  more  places  for  the  machine. 
If  there  are  enough  working  places  averaging,  say,  only  20  tons  per  place 
within  a  distance  of  600  ft.  of  each  other  to  make  an  output  of  150  tons 
per  shift,  the  operation  is  profitable.  For  instance,  a  20-ton  place  would 
be  loaded  out  in  half  an  hour,  and  moving  to  a  second  place  600  ft.  distant 
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would  consume  15  min.,  or  a  place  and  a  move  io  45  min.  Assuming  a 
loss  of  2  hr.  per  day  from  incidental  causes,  car  delay,  track,  etc.,  the  num- 
ber of  places  worked  per  day  would  be  eight,  or  160  tons.  The  machine 
is  run  by  one  man,  two  men  shift  the  cars,  and  a  fourth  cleans  up  and  helps 
generally;  total  labor  cost  is  S9.80,  or  6-lc.  per  ton,  which  certainly 
should  show  a  reasonable  profit  compared  with  13e.  per  ton  by  hand. 

The  tracks  should  be  solid  and  well  supported  and  the  cost  per  ton 
of  laying  track  is  more  in  low  stopes  than  in  higher,  increasing  in  inverse 
ratio  to  height  of  stope,  but  that  is  the  only  item  of  cost  which  is  increased 
with  moderately  low  workings.  This  track  cost  increases  for  hand  shovel- 
ing as  well  as  for  machine  shoveling.  At  the  Flat  River  mines,  the  gauge 
of  track  is  24  in.  It  is  necessary  to  use  outsiderailsfor  themachineatthe 
working  face,  making  four  rails  for  each  track  for  a  distance  back  of 
about  30  ft.  If  wider  gauge  track  were  used  the  cost  of  track  laying  for 
the  machine  would  be  materially  reduced,  and  a  marked  increase  in  efB- 
ciency  would  follow.  In  coal,  iron-ore,  and  rock-salt  mines  it  is  usual 
to  find  track  gauges  of  36  to  44  in.  In  these  mines  it  is  easier  to  get  a 
^olid  track,  for  the  ties  are  not  so  high  above  the  solid  bottom  as  is  the 
case  in  the  Flat  Hiver  mines. 

The  cost  of  track  laying  at  Flat  River  is  possibly  such  as  to  make  the 
use  of  machines  unprofitable  to  the  Federal  Lead  Co.  in  stopes  less  than 
20  ft.  high,  as  the  company  pays  a  contract  price  for  the  material  loaded 
by  machine,  which  price  was  intended  to  nearly  approach  hand  cost. 
The  machine  at  Federal  is  operated  by  a  contracting  company  which 
owns  the  machine  and  loads  ore  at  a  price  of  10c.  per  ton  for  the  machine 
and  one  operator  per  shift.  This  company  is  making  a  profit  of  $250 
to  $300  per  month  above  cost  of  upkeep  and  operation,  despite  the  fact 
that  the  cost  of  operation  is  high  because  the  company's  headquarters  is 
several  hundred  miles  away  and  it  is  necessary  to  have  a  high-priced  man 
in  charge  of  the  machine,  one  who  is  competent  to  attend  to  any  repairs 
that  may  be  needed.  It  costs  the  contracting  company  $9  per  two-shift 
day  for  operators,  whereas  if  the  machine  were  owned  by  the  mining  com- 
pany the  operators  would  be  paid  about  J2.75  each,  or  $5.50  per  day  of 
two  shifts,  the  mine  master  mechanic  then  carrying  the  responsibility  of 
mechanical  attention. 

As  an  example  of  the  use  of  machine  in  comparatively  low  headroom, 
I  gjve  some  data  of  a  machine  at  work  in  the  rock-salt  mines  at  Retsof, 
N.  Y.  This  seam  is  8  ft.  thick,  and  the  machine  has  averaged  a  loading 
of  250  to  300  tons  per  shift  (about  twice  the  output  at  Flat  River).  The 
cost  is  about  4^0.  per  ton.  This  tonnage  is  only  possible  where  a  large 
quantity  of  material  can  be  shot  down,  which  of  course  is  very  much  sim- 
pler in  coal  or  salt  than  in  rock.  The  upkeep  of  the  machine  at  Retsof 
is  0.7c.  per  ton  of  salt  loaded.  The  mining  conditions  are  as  follows: 
Width  of  working  places,  30  ft.    Thickness  of  seam,  minimum,  5  ft.; 
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maximutn,  10  ft.;  average,  8  ft.  No  impurities.  Track  gauge,  36  in. 
Roof,  salt  and  shale.  Working  places  dry.  No  timber  is  used.  DnlliDK 
is  done  with  rotary  electric  drills.  Power,  250  volts,  D.  C.  Salt  is  shot 
loose  in  fine  and  blocks.    Cars  hold  about  3)  tons. 

The  points  to  be  noted  are  that,  generally  speaking,  the  machines  are 
applicable  to  comparatively  low  mine  workings,  and  can  be  profitably 
employed  wherever  sufficient  tonnage  can  be  shot  loose,  either  in  big  piles 
or  in  a  number  of  smaller  piles  in  adjacent  territory. 


Recent  Developments  in  the  Design  of  Electric  Locomotives  and  Coal- 
Cutting  Machines 

Discussion  of  the  paper  of  Sanpord  B.  Belden,  presented  ftt  the  New  York  meetinf , 
February,   1914,  and  printed  in   this  (June,  1914,)  Bulletin,  pp.  97?  to  1013. 

E.  W.  Parker,  Washington,  D.  C. — I  should  like  to  ask  whether  or 
not  with  this  new  combination  cutting  and  loading  machine,  you  make 
only  one  cut  in  the  face.  How  do  you  make  the  second  cut?  There 
seem  to  be  three  series  of  cutting  operations — two  shearing  and  one  under- 
cutting. Do  you  make  a  second  cut,  and  shoot  off  to  the  side  in  a  case 
of  that  kind,  or  do  you  run  a  shear  from  the  center  of  the  room  and  shoot 
off  the  Edde? 

R.  R.  Ddnlop,  Columbus,  Ohio. — The  machine  makes  as  many  cuts 
in  the  place  as  the  width  of  the  placcwill  permit.  In  order  to  underatand 
the  operation  of  the  machine,  it  is  necessary  to  keep  in  mind  the  general 
design.  The  machine  complete  with  undercutting  chain,  conveyor^, 
pick  and  swinging  conveyor,  slides  in  a  pan  or  stationary  frame  smilar 
to  the  operation  of  a  breast  machine. 

When  driving  narrow  places  the  machine  is  set  up  in  the  center  of  the 
place.  Consider  the  point  on  the  machine  where  the  rear  conveyor  is 
pivoted,  as  a  point  about  which  to  swing  the  machine;  the  front  end,  or 
the  cutting  end,  is  pulled  toward  the  left-hand  rib  by  power.  With  the 
machine  in  this  position,  the  first  (or  "tight")  cut  is  made,  the  under- 
cutting chain  making  the  undercut,  and  the  shearing  chun  making  a 
narrow  cut,  4  ft.  apart,  but  perpendicular  to  the  undercut.  The  shearing 
cut  and  undercut  are  both  made  at  identically  the  same  time.  As  the 
machine  feeds  forward  into  the  coal,  the  machine  runner  operates  the 
pick,  knocking  down  the  coal  into  the  front  conveyor  in  the  cutter  head 
(see  Fig.  42),  where  it  is  carried  back  and  dumped  into  the  pivoted  con- 
veyor, which  in  turn  loads  it  into  the  car. 

In  a  7-ft.  seam  this  machine  when  fed  in  6  ft.  will  load  7  tons  of  coal. 
If  the  care  are  lai^,  it  will  require  two  cars  for  such  a  cut. 
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After  the  tight  cut  ia  made,  the  machine  is  pulled  back  in  the  pan  and 
the  front  end,  or  cutting  end,  is  swung  to  the  right  the  width  of  the  cut,  or 
4  ft.  When  the  second  cut  is  made  the  left-hand  shearing  chain  does  not 
cut  the  coal,  as  that  aide  has  already  been  relieved  by  the  first  cut.  The 
number  of  such  cuts  depends  upon  the  width  of  the  place.  When  wide 
places  are  to  be  cut,  the  machine  is  taken  into  the  place  and  set  up  near 
the  left-band  rib,  and  as  new  cuts  are  made,  the  whole  machine,  including 
the  pan,  is  moved  toward  the  right-hand  rib  the  width  of  the  cut.  There 
is  no  limit  to  the  width  of  the  places  which  this  machine  will  cut-  The 
narrowest  place  which  the  machine  can  cut  and  provide  ample  room  for 
the  machine  operator  is  8  ft. 

G.  S.  Rice,  Pittsburg,  Pa. — Can  you  shift  sidewise? 
R.  R,  DuNLOP.^The  machine  ia  provided  with  power-driven  han- 
dling drum  fitted  with  steel  rope.     By  setting  suitable  j  acks  provided  with 
sheave  wheeb  at  the  right-hand  rib,  the  machine  can  be  moved  to  any 
demred  posiUon,  by  its  own  power. 

The  machine  when  taken  into  a  working  place  remains  there  until 
that  place  is  finished.  When  the  machine  is  taken  into  the  working 
place,  the  height  of  the  shearing-chain  frames  is  made  suitable  for  the 
thickness  of  the  vein.  In  any  reasonable  mine,  the  coal  in  any  particular 
place  does  not  vary  in  thickness  to  such  an  amount  as  to  interfere  with 
the  operation  of  the  machine.  In  mines  where  the  coal  is  faulty  and  va- 
ries in  height  for  short  distances,  the  machine  would  not  be  practical,  due 
to  having  to  change  the  height  of  the  shearing-chain  frames  too  often. 


Uae  (rf  Electrici^  at  the  Penn  end  Republic  Iron  Mines,  Michigan 

Discuaaion  of  the  paper  of  Wiujak  Kellt  and  P.  H.  AnusTRONa,  preaented  at  the 
New  York  meeting,  February,  1914,  and  printed  in  BuUeHn  No.  86,  February, 
1914,  pp.  317  to  347. 

K.  A.  Paih-t,  Schenectady,  N.  Y. — I  feel  that  this  paper  is  especially 
valuable,  because  it  contains  so  completely  the  results  of  actual  experience 
by  two  men  who  have  been  connected  with  mining  ore  for  many  years. 

There  are  two  or  three  questions  which  I  would  like  to  ask.  First, 
under  the  subject  of  "pumping,"  I  notice  that  by  the  substitution  of 
electric  pumps  for  steam  pumps  the  cost  of  supplies  has  been  reduced 
from  a  little  over  S2,Q00  to  a  little  over  $500.  I  would  ask  whether  that 
reduction  is  due  to  the  substitution  of  electric  motors  for  the  engines,  or 
is  due  to  the  substitution  of  centrifugal  pumps  for  the  reciprocating 
pumpis? 

F.  E.  Abustrono,  Vulcan,  Mich. — That  reduction  is  due  to  the  water 
end  of  the  pump.    The  high  cost  of  the  steam  supplies  is  largely  due  to 
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the  replacement  of  the  brass  valves  and  brass  valve  seats  in  the  steam 
pump,  in  the  steam  end  or  motor  end. 

K.  A.  Fault, — With  reference  to  the  water  rheostat,  which  differs 
materially  from  the  standard  rheostat  used  for  mining  hoist  work,  what 
resistance  ranges  are  obtainable,  and  what  is  the  minimum  slip  of 
the  motor  when  running  with  the  rheostat  in  the  minimum  resistance 
position? 

F.  H.  Armstrong. — ^You  can  get  any  resistance,  up  to  so  large  a  point 
that  the  motor  will  not  start,  by  simply  reducing  the  amount  of  the  area 
of  the  plates  which  is  in  the  water,  and  the  slip  can  be  varied  from  20 
per  cent,  down  to  6  per  cent,  by  the  small  slip  plates  whioh  are  illustrated 
at  the  top  of  the  main  plate.  We  are  ruiming  at  between  7  and  8  per 
cent.  shp. 

K.  A.  Pauly. — The  efficiency,  as  determined  from  the  power  consump- 
tion and  work  done  with  the  hoist,  seemed  to  vary  from  57  per  cent., 
over  all,  to  49  per  cent.  I  would  like  to  ask  how  much  of  this  43  per  cent, 
and  51  per  cent,  of  loss  is  due  to  shaft  loss  and  mechanical  parts,  and 
bow  much  from  the  hoist  coupled  to  the  m^D  motor,  if  that  is  known. 

F.  H.  Armbtrono.-— That  is  not  known. 

Benjamin  F.  Tillbow,  Franklin  Furnace,  N.  J. — Speaking  of  the 
ugnaUng  system,  I  notice  it  is  spoken  of  as  a  grounded  system.  I  would 
ask  if  any  trouble  has  occurred  throi^h  what  you  might  call  "spook 
signak,"  from  inadvertent  grounding  in  other  parts  of  the  system,  or 
other  parts  of  the  power  plant.  In  our  alternating-current  system  at 
Franklin  Furnace,  we  have  occasionally  had  some  "spook  signals," 
although  our  system  is  not  supposed  to  be  a  grounded  system,  due  to  the 
grounding  of  a  line,  which  was  unnoted  until  such  ^gnals  were  given. 
Our  voltage  will  nui  somewhere  around  25  or  30  volts  through  the  bell 
magnets. 

F.  H.  Armstrong. — Our  voltage  is  about  the  same.  We  have  never 
noticed  anything  of  the  kind. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. — I  would  ask  how  the  efficiency 
of  these  electric  hoists,  of  which  we  have  been  bearing,  compares  with  the 
efficiency  of  the  compressed-air  hoist  system  which  was  applied  at  Ana- 
conda. The  Anaconda  Co.  put  that  job  up  to  the  electric  companies  of 
the  country,  and  they  could  not  come  up  to  the  specifications.  Then 
Mr.  Nordberg  put  in  the  compressed-air  system,  which  gives  an  efficiency 
of  somewhere  upward  of  50  per  cent.,  and  is  giving  the  most  at»olute 
satisfaction,  with  a  minimum  of  danger  and  a  maximum  of  convenience. 
If  we  could  get  hold  of  some  infonnation  as  to  the  relative  efficiencies  of 
these  electrical  installations  and  the  compressed-air  system  put  in  by 
Mr.  Nordberg,  of  which  there  is  given  a  full  description  in  a  recent  issue 
of  the  BvUetin,  it  would  be  very  illuminating. 
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William  Kellt,  Vulcan,  Mich. — That  information  can  be  had  in 
large  part  now  by  all  who  are  interested.  In  addition  to  the  paper  by 
B.  V.  Nordberg  in  the  Bulletin,  September,  1913,  there  have  been  other 
papers  on  the  subject,  one  by  D.  B.  Rushmore  and  K.  A.  Pauly,  presented 
at  a  meeting  of  the  Ainerican  Institute  of  Electrical  Engineers  on  Mar. 
11, 1910.  We  expect  the  papers  now  under  discussion  will  be  followed  by 
another  paper,  to  be  presented  a  little  later,  on  the  results  of  electric 
hoisting  at  a  Lake  Superior  mine,  and  when  all  these  papers  are  brought 
together  and  compared,  the  comparative  costs  by  the  different  methods 
of  hoisting  can  be  arrived  at  quite  ntosely. 

K.  A.  Fault.— I  would  like  to  aak  the  gentleman  who  mentioned  the 
50  per  cent,  efficiency  for  the  air  hoist  where  he  obtained  that  figure. 
In  the  first  place,  I  do  not  believe  that,  theoretically,  such  a  figure  b 
possible.  In  the  second  place,  I  have  seen  the  results  of  the  tests  made 
at  Butte,  and  they  do  not  give  over  29.5  per  cent.;  and,  on  top  of  all  of 
that,  efficiency  in  an  air  system  means  nothing  anyway,  because  you  have 
to  pay  for  reheating  the  air.  You  have  a  much  higher  maintenance 
expense,  twtb  on  the  distributing  system  and  the  actual  operating  part 
of  the  equipment,  the  air  engine. 

Unquestionably  the  Butte  system  has  been  a  complete  success  from  an 
operating  standpoint  during  the  period  that  it  has  been  installed,  but  I 
think  that  all  of  those  who  are  connected  with  mining  operations  will 
admit  that  one  of  the  most  troublesome  pieces  of  machinery  about  a  mine 
is  the  air  end  of  the  air  compressor.  I  think  we  may  look  for  the  same 
trouble  on  the  engine  end  of  the  air  compressor,  after  it  has  been  installed 
some  few  years. 

J.  E.  Johnson,  Jr. — The  figures  which  were  published  were  given  by 
Mr,  Nordberg.  They  include  the  power  coming  in  on  the  line  to  the 
transmission  line,  and  the  load  hoisted  on  the  shaft,  which  is  the  over-all 
efficiency,  if  there  is  any  such  thing,  and  these  figures  are  about  50  per 
cent. 

I  do  not  know  where  this  gentleman  gets  his  data  of  29  per  cent., 
but  I  do  know  that  papers  have  been  published,  concerning  the  electri- 
fication of  mines  and  central  hoisting  systems  using  electricity,  that  have 
described  travesties  on  good  engineering.  They  have  spent  twice  as 
much  money  in  the  installation  of  these  systems  as  a  compressed-air 
system  would  have  cost,  and  have  given  no  better  result  than  the  com- 
pressed-air system,  in  some  cases  not  as  good.  When  the  gentleman  says 
that  the  air  end  of  a  good  air  compressor  will  create  trouble,  as  compared 
with  the  electric  motor,  I  can  only  say  that  he  has  had  an  unusual  ex- 
perience. I  have  had  a  good  deal  of  experience  with  both,  and  will  back 
the  air  end  of  the  air  compressor  to  let  a  man  sleep  a  good  many  more 
nights  in  a  year  than  the  electric  motor  will. 
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The  Injection  oi  Cement  Grout  into  Water-Bearing  FiBSures 

Discussion  of  the  paper  of  Fkancib  Donaldson,  preaeatod  &t  the  New  York  meeting, 
February,  1914,  and  printed  in  BuMin  No.  85,  January,  1914,  pp.  41  to  43. 

Fhank  Fibhbtons,  Easton,  Pa. — The  European  experience  referred 
to  by  the  speaker  has  been  fully  described  in  the  BuUetin  de  la  SoeUii 
de  I'ljiduttrie  MitUrale.^ 

There  is  another  very  obvious  appUcation  of  the  plan  of  grouting  a 
fissure  that  I  do  not  think  has  been  made.  In  the  limestone  region 
around  Easton  there  are  many  layers  of  Umestoae  which  have  been  slmtr 
tered  in  the  course  of  the  flexure  of  the  rocks,  which  have  been  filled  with 
pieces  of  limestone,  varying  from  pieces  the  size  of  your  head  and  fist 
to  very  small  stones.  A  seam  full  of  loose  boulder  stones  is  sometbiog 
an  artesian  well  driller  does  not  care  to  encounter.  It  is  a  very  obvious 
expedient  to  grout  such  seams  shut.     I  do  not  think  any  one  has  done  it. 

G.  S.  Wrioht.— In  1908  I  visited  the  Pae-de-Calais  district  in  France 
and  observed  there  the  methods  which  were  being  used  for  cementation. 
At  that  time  they  had  been  pretty  well  worked  out,  so  that  one  of  the 
large  companies,  the  largest  company,  had  in  sinking  its  shafts  put  a^de 
its  freezing-plant  methods,  and  adopted  the  cementation  method.  The 
plan  that  they  were  then  following,  and  I  think  are  still  following,  is  to 
take  about  12  to  16  holes,  put  down  bits  about  15  or  20  ft.  deep,  and  plug 
these  up  with  concrete  around  the  pipe  in  order  to  get  an  anchor^e, 
then  use  a  grout  pump,  drill  down,  and  continue  to  pump  in  under  high 
pressure.  The  first  step  may  have  been  by  gravity,  but  in  1908  they 
adopted  a  pressure  of  about  600  lb.  per  square  foot.  They  recommend 
that  in  certain  cases  it  may  be  as  high  as  1,000  lb.  per  square  foot.  The 
system  worked  out  more  cheaply  than  the  cementation  process.  As 
many  of  you  may  know,  the  carbonates  are  very  lean  ib  the  Pas-de-Calais 
district  and  adjoining  the  Beltin  district,  and  the  marls  and  chalks  are 
very  fragmentary,  and  filled  with  air,  so  that  it  is  impossible  in  places 
to  sink  by  any  ordinary  system,  and  this  method  is  in  vogue  in  those 
locations. 

ALruED  C.  Lane,  Tufts  College,  Mass. — The  author  of  this  paper, 
in  saying  that  cementing  fissures  by  grouting  was  first  tried  in  this  coun- 
try, evidently  was  not  aware  that  the  process  was  successfully  used  by 
E.  F.  Bradt,  of  the  Lake  Superior  Mining  Institute,  imder  very  great 
difliculties,  in  putting  down  the  first  salt  shaft  in  Michigan,  at  Oakwood, 
just  outside  South  Detroit,  in  1904.'    There  the  Devonian  Dundee  for- 

1  R.  Fagniei  4th  oer.,  vol.  ix,  p.  81  (1908).  J.  B.  Forge :  Sth  aer.,  vol.  iii,  p. 
62S  (1913). 

*  E.  F.  Bradt:  Crevices  in  a  Salt  Shaft,  Michigan  Enfineer,  1907,  p.  10.  ATtmnf 
World,  vol.  xitx,  No.  12,  p.  525  (Mar.  20,  1909).  Et^/inasrinn  and  Mining  Jotmud, 
vol.  xd,  No.  11,  p.  665  (Mar.  18,  1911). 
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matioD  which  overlies  the  Silurian  salt  beds  was  full  of  crevices,  regular 
caves,  heavily  charged  with  strong  Hi3  water. 

Mr.  Bradt  has  a  patent  od  the  process,  which  ia  briefly:  the  "dis- 
placement of  the  water  by  forcing  it  back  into  the  rock  or  ground  by 
injecting  'neat'  cement  grout  under  pressure,"  No.  849043,  dated  Apr. 
2,  1907. 

E.  Gt^on  Spilbburt,  New  York,  N.  Y. — I  think  that  a  somewhat 
simitar  process  to  that  described  by  Mr.  Donaldson  was  used  in  the  sink- 
ing of  the  Frans-Frederic  shaft  in  Mechlenbui^  about  the  year  1901-02. 
After  passing  through  the  alluvials  consisting  of  gravels,  sands,  and  clays, 
the  shaft,  which  was  being  sunk  by  the  Kindtr^i^haudron  method,  was 
footed  in  compact  anhydrite  at,  I  think,  1,100  ft.  in  depth.  While  con- 
tinuing through  the  anhydrite  with  the  regular  cutting  tools,  a  fissure 
was  encountered  with  a  considerable  pressure  of  water,  and  the  cutting 
tools  were  lost  at  this  point.  It  required  very  nearly  a  year's  hard  work 
to  break  up  the  cutting  ring  and  remove  the  particles.  The  shaft  was 
21  ft.  in  diameter.  I  understand  that  a  shield,  having  a  central  opening, 
was  lowered  to  the  bottom  of  the  shaft,  and  that  grout,  under  hydraulic 
pressure,  was  then  forced  through  the  central  pipe  over  the  whole  surface 
of  the  bottom  of  the  shaft,  so  as  to  fill  up  the  fissures  and  hold  the  water 
back.  When  this  had  been'  successfully  accomplished  new  cutting  tools 
were  introduced  and  the  grout  in  the  bottom  of  the  shaft  was  passed 
through  with  practically  no  leakage  showing  from  the  fissures. 


Notes  on  the  Plastic  Def onnatiou  of  Steel  during  Overstrain 

Diacuaaion  of  the  paper  of  Henrt  M.  Howe  and  Arthur  G.  Lett,  presented  at  the 
New  York  meeting,  February,  1914,  and  printed  in  Butleiin  No.  88,  April,  1914, 
pp.  585  to  600. 

H.  C.  H.  Cabpbntbb,*  London,  England. — There  are  one  or  two 
points  of  perhaps  general  interest  on  which  I  should  hke  to  touch.  I 
notice  that  Professor  Howe  refers  to  the  work  of  Ewing  and  Rosenbain 
in  connection  with  the  plastic  deformation  of  metals.  That,  of  course, 
is  quite  a  classical  work.  Their  theory  was  that  in  that  formation  you 
get  the  metal  slipping  along  its  gliding  planes  in  a  series  of  steps.  Now, 
it  ia  very  curious  that  that  work,  although  quite  right  up  to  a  certain 
point,  has  been  comparatively  little  used,  and,  indeed,  Professor  Howe 
himself  does  not  make  any  very  great  use  of  it  in  this  paper. 

One  of  the  main  reasons  why  the  work  has  not  been  more  used,  I 
believe,  is  this:  Professor  Ewing  and  Dr.  Rosenhain  showed,  in  the 
plastic  deformation  of  metals  with  which  they  experimented,  that  these 
imdoubtedly  began  to  slip  by  a  series  of  steps,  but  they  were  not  able  to 
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give  a  reason  Bhowing  why,  when  once  a  metal  has  started  to  deform,  il 
should  ever  stop  deforming  until  it  was  broken. 

Now,  of  course,  we  know  that  it  does;  the  metal  can  be  deformed  up 
to  a  certain  point  with  a  given  stress,  and  then,  after  that,  the  stress  has 
to.  be  increased  if  any  further  deformation  is  to  take  place.  No  explana- 
tion of  that  increased  stress  was  given  by  the  authors. 

That  brings  me  to  the  work  of  another  researcher  in  oui-  country, 
Dr.  Beilby,  whose  work  is  not  so  well  known  as  it  deserves  to  be,  particu- 
larly because  his  work  has  been  overlooked,  for  the  reason  that  he  chose 
metals  which  are  simpler  than  iron^^old,  silver,  and  copper,  which  can 
be  easily  obtained  in  a  state  of  purity,  and,  therefore,  the  results  can  be 
interpreted  more  easily.  Dr.  Beilby  furnished  an  interesting  interpreta- 
tion of  where  these  begin  and  end.  Dr.  Beilby  showed,  and  I  think 
conclusively,  that  in  addition  to  the  actual  slip  by  steps,  or  under  these 
gliding  planes,  you  get  an  actual  transformation  from  the  crystalline 
solid  metal  into  what  is  virtually  a  liquid— what  are  called  amorphous 
vitreous  phases.  This  phase  is  brittle,  and  what  happens  is  that  when 
the  stress  is  applied,  and  the  metal  begins  to  move  along  the  gilding  planes, 
then  the  rubbing  of  the  crystal  surfaces  on  one  another  produces  the 
vitreous  brittle  phases,  and  ultimately  the  crystal  units  which  are  broken 
up  are  incased  in  an  enamel  of  this  vitreous  material,  and  after  that 
rupture  can  only  take  place  by  breaking  across  these  vitreous  pbasea. 
All  of  this  is  very  fully  indicated  and  brought  out  in  Dr.  Beilby's  paper 
published  in  1910  or  1911.  I  imagine  that  Dr.  Howe  is  familiar  with 
Dr.  Beilby's  work,  as  he  quoted  his  name  in  connection  with  the  paper, 
but  it  is  surprising  that  more  use  has  not  been  made  of  Dr.  Beilby's  work 
in  this  connection. 

I  should  like  to  ask  the  authors  whether  they  had  any  difficulty  in 
developing  the  structure  of  their  pearlite  and  other  steels  by  etching. 
The  effect,  of  course,  of  the  cutting  work  is  to  give  us  ultimately  this 
mixture  of  crystalline  and  vitreous  materials,  this  etching,  rather 
differently. 

Some  years  ago  I  was  consulted  by  a  firm  which  was  having  difficulty 
with  the  stamping  of  steel  links  for  chains.  The  carbon  percentage  of 
these  links  was  about  0.01  per  cent.,  and  I  found  great  difficulty  in  devel- 
oping the  structure  of  that  steel  in  the  neighborhood  of  the  punch.  That 
again,  I  think,  is  explained  by  the  theory  of  the  amorphous  vitreous 
phases  which  are  formed  in  the  neighborhood  of  the  fracture.  We  will 
have,  undoubtedly,  different  properties  in  the  etched  material  from  the 
crystalline  material. 

In  this  paper  there  is  a  certain  amount  of  evidence.  Turning  to 
Figs,  3  and  4, 1  notice  that  on  the  extreme  right  we  have  an  area  which  is 
apparently  hardly  etched  at  all.  I  do  not  know  whether  that  is  because 
the  material  is  decarburized. 
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PBOFEBSoa  Howe. — It  is  decarbunzed. 

H.  C.  H.  Carpenter. — That  is  a  point  I  wanted  to  be  clear  about.  I 
do  find  that  difficulty  with  regard  to  etching,  and  I  found  I  was  only 
able  to  get  comparable  results  by  giving  these  severely  strained  links  a 
low-temperature  annealing  in  order  to  reconvert  that  amorphous  phase 
into  the  crystalline  phase.  That  has  to  be  done  at  a  temperature  below 
the  melting  conversion,  but  I  found  a  temperature  of  500°  to  560°  was 
insufficient. 

I  would  like  to  ask  a  question  of  the  author.  These  photographs,  as 
I  gather,  are  of  materials  just  in  the  strained  conditions,  without  any 
other  treatment.  I  would  like  to  ask  if  they  have  bad  any  difficulties  in 
interpreting  their  stresses?  I  should  like  to  express,  in  conclusion,  my 
great  admiration  for  the  paper  by  Professor  Howe  and  Mr.  Levy. 

Henrt  D.  Hibbard,  Plainfield,  N.  J. — 'These  views  showing  the  sur- 
face of  the  distorted  steel  remind  me  of  some  compression  testa  of 
manganese  steel  I  made  a  great  many  years  ago,  the  test  pieces  being 
cylinders  1  in.  in  diameter  and  4  in.  long.  They  were  cast  test  pieces, 
ground  to  dimensions.  After  compression  it  was  possible  from  the 
appearance  of  the  surface,  which  looked  much  like  these  photographs, 
to  tell  about  the  coarseness  of  the  crystalfization  or  granulation  of  the 
metal  within,  the  test  piece  having  been  shortened  so  that  its  diameter 
was  increased  by  bulging  perhaps  a  fourth. 

William  R.  Webster,  Philadelphia,  Pa. — Several  years  ago,  in 
order  to  show  the  injurious  effect  on  steel  by  punching  and  shearing, 
even  after  the  rough  edges  had  been  removed  by  reaming  or  planing, 
I  took  some  pieces  of  steel  plate  and  punched  two  lines  of  parallel 
holes  in  them  about  3  in.  apart,  then  cut  out  the  longitudinal  strips 
between  these  punched  holes.  These  strips  were  pulled  in  the  tension 
testing  machine  and  in  all  cases  showed  hard  spots  opposite  the  punched 
holes,  and  at  other  points,  where  the  metal  had  not  been  hardened  by 
punching,  it  necked  down.  In  all  cases  the  fractures  occurred  at  one  of 
these  points  where  the  metal  bad  not  been  hardened,  but  the  hardening 
effect  of  the  punching  extended  in  much  further  than  I  had  expected. 

Ralph  H.  Sweetser,  Easton,  Pa. — I  would  ask  Dr.  Howe  if  tem- 
perature has  anything  to  do  with  the  final  rupture  of  the  steel,  if  it  is 
under  stress;  that  ia,  will  intense  cold  help  the  final  rupture, when  the 
shock  comes,  or  will  the  higher  temperature,  say  of  superheated  steam, 
have  anything  to  do  with  the  rupture  of  steel  under  stress? 

C.  P.  LiNviLLE,  South  Amboy,  N.  J. — I  should  like  to  ask  Dr.  Howe 
whether  the  surface  hardening  caused  by  wire  drawing,  cold  rolling,  and 
such  processes  may  not  to  a  certain  extent  be  explained  by  this  paper. 
It  would  seem  to  me  that  in  the  case  of  steels  having  some  cementite, 
even  thoi^h  it  be  pearlitic,  such  surface  treatment  would  tend  to  drive,  or 
cause  the  softer  ferrite  to  flow  away  from  the  surface,  thus  leaving  a  shell 
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much  richer  ia  cementite  and  accordingly  harder.  Another  instance 
which  I  have  observed  is  the  case  of  rails  that  have  been  a  conaiderable 
length  of  time  in  service,  so  that  the  top  has  been  worn  down.  I  have 
found  a  thin  skin,  extremely  hard,  which  was  apparently  altogether 
cementite.  On  a  polished  section  the  skin  would  not  etch  when  treated 
with  acid  and  under  the  microscope  was  white  and  in  its  behavior  like 
cementite.  It  was  also  noted  that  in  this  skin  numerous  small  surface 
cracks  were  visible,  which  might  eventually  be  extended  deep  enough  into 
the  rail  to  cause  weakness.  I  reahze  that  there  is  a  certain  amount  of 
surface  hardening,  even  in  pure  metals,  which  has  been  explwned  as 
being  due  to  the  formation  of  an  amorphous  layer,  but  it  seems  to  me  that 
in  the  case  of  the  carbon  steels,  the  driving  out  of  the  soft  ferxjte,  leaving 
the  bard  cementite  on  the  surface,  may  also  have  an  important  effect. 

Henrt  M.  Howe. — I  am  sure  it  is  a  great  gratification  to  us  to  listen 
to  the  successor  of  Dr.  John  Percy  and  Sir  William  Roberts-Austen.  Dr. 
Beilby's  wonderful  theory  of  a  temporary  liquid  state  between  the  natural 
crystalline  state  and  the  final  amorphous  state,  such  as  we  find  in  hard- 
drawn  and  cold-worked  metals  generally,  certainly  does  explain  an  enor- 
mous amount  of  phenomena  that  before  that  was  perfectly  unknown  and 
not  understood.  Why  sliding  should  start  a  step,  of  course,  was  very 
difficult  to  understand.  If  the  thing  started  to  break,  why  did  not  it 
keep  on  breaking;  if  the  stress  was  able  to  start,  what  should  stop  the 
started  crack? 

Dr.  Beilby's  theory  does  explain  that  in  the  most  satisfactory  way, 
so  far  as  the  phenomena  of  simple  overstrain  is  concerned,  but  it  seems  to 
me  that  it  breaks  down  at  the  phenomena  of  reverung  overstrain;  that 
is,  if  you  strain  a  piece  of  metal  past  the  elastic  limit  in  tension,  and  re- 
verse the  strain  past  the  elastic  limit  in  compression,  the  thii^  seems  so 
far  to  have  brought  about  a  set  of  results  which  were  very  different  from 
those  you  got  on  simple  overstrain. 

The  hardening  effect  of  simple  overstr^n  cannot  be  due  to  bringing 
the  cementite  to  the  surface  before  the  development  of  the  amorphous 
state,  because  that  is  the  case  in  pure  metals — piu%  copper  is  hardened 
the  same  way  by  overstrain — it  hardens  pure  metal  just  the  same  as  it 
hardens  impiu%  ones.  The  purity  of  the  metal  does  not  decrease  the 
degree  of  hardening  at  all,  so  that  it  is  a  perfectly  satisfactory  explana- 
tion, but  the  generation  of  the  harder  amorphous  metal,  why  that  metal 
should  be  harder,  is  extremely  reasonable  and  natural  when  you  coomder 
the  natural  conditions  of  the  case. 

If  simple  overstrain  makes  the  metal  lighter,  harder,  etc.,  the  tests 
made  so  far  do  not  indicate  that  reversing  overstrain  either  hardens  the 
metal  or  lightens  it.  Effects  of  simple  overstrain  may  be  removed  abao- 
lutely  and  completely  by  heating  to  600°  C,  or,  as  Professor  Carpenter 
says,  an  even  lower  temperature.    The  effects  ot  reversiiig  stnun  do  not 


.coy  Google 


THE  WOBK   OF  CRUSHING  1197 

seem  to  be  the  Bame.  The  evideace  so  far  as  it  goes  does  not  indicate 
clearly  that  reveraiiig  overstrain  is  removed  by  such  heating,  but  it  is 
only  fair  to  aay  that  the  bulk  of  the  annealings  which  have  been  made 
w^e  not  carried  to  a  high  enough  temperature  to  establish  that  point. 
That  is  a  point  which  is  still  under  debate. 

The  ten^e  strength,  depending  on  the  temperature,  certainly  rises 
with  the  temperature  up  to  a  moderate  d^ree.  There  is  a  very  steep 
rise  of  the  tenale  strength  curve  with  rising  temperature,  followed  by  a 
drop  again,  if  you  get  to  about  200°  C.  There  is  a  reversal,  but  from 
that  temperature  down,  as  the  temperature  falls,  the  tensile  strength 
dioiinishes.  And  that  may  be  bound  up  with  this  phenomena  of  the 
play  between  the  cementite  and  the  ferrite  during  deformation.  That, 
however,  I  do  not  think  we  can  feel  sure  about  yet. 

Pbofbssor  Hbnbt  Lb  Chatelieb,  Paris,  France  (communication  to 
the  Secretary*). — I  have  read  with  iaterest  the  paper  of  Messrs.  H.  M. 
Howe  and  A.  Levy  on  the  plastic  deformation  of  steel,  and  was  particularly 
struck  by  the  observations  conceroing  the  cementite  lamellse  of  the 
pearlite,  which  were  bent  without  fracture.  Must  they  not  have  been, 
then,  in  elastic  tension?  Their  solubility  in  ferrite  would  be  increased 
as  a  consequence.  If  then  a  steel  in  which  the  cementite  is  thus  deformed 
be  heated  to  a  temperature  near  the  point  of  recalescence,  the  curved 
lametls  ought  to  disappear  and  recrystaUize  out;  but  under  what  form? 
AjB  lamelUe  or  as  rounded  grains?  A  crystal  soluble  in  water,  if  subjected 
to  mechanical  stress  has  its  solubility  increased.  The  same  is  necessarily 
true  in  metals.  This  may  explain  in  part  the  facility  with  which  metals 
partially  hardened,  and  thus  out  of  equilibrium,  can  dissolve  and  re- 
crystallize  in  the  presence  of  very  small  quantities  of  solvents. 


The  Work  of  Crushing 

DiscuBuon  of  the  paper  oC  Abtbub  F.  Taooabt,  presented  at  the  New  York  meeting, 
Febniuy,  1914,  and  printed  in  BuUetin  No.  85,  January,  1914,  pp.  143  to  161. 

A.  0.  Gates,  LaFayette,  Ind.  (communication  to  theSecretaryf)- — 
I  happen  to  be  one  of  those  who  believe  that  Rittii^er  probably  meant 
what  he  said  when  he  wrote  what  Stadler  has  quoted,  "the  increase  of 
the  surfaces  exposed  is  directly  proportional  to  the  force  required  for 
reducing"  "and  tker^ore  also  to  the  work  absorbed  in  effecting  the  separa- 
tions."    (The  italics  are  now  mine  instead  of  Kittinger's  or  Stadler's.) 

Our  difficulty  lies  in  not  understanding  just  what  occurs  at  the  so- 
called  "elastic  limit."  Up  to  this  point  the  energy  appUed  to  the  body  is 
absorbed  by  it  uniformly  in  proportion  to  volume.    At  the  so-called  elas- 
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tic  limit  the  first  break  occurs  some  place  within  the  body,  releasing  the 
energy  locally  absorbed  at  the  point  and  allowiitg  a  further  deformation 
without  a  proportional  amount  of  energy  being  absorbed.  The  cause  of 
the  first  break  within  the  body  is  that  the  ultimate  strength  of  a  angle 
crystal,  or  of  the  bonding  material  between  crystals,  was  exceeded,  A 
'  series  of  these  "  local "  breaks  occur  in  sequence  throughout  the  body  until 
at  some  point  several  of  these  breaks  lying  close  together  so  weaken  it 
that  the  remaining  crystals  and  bonding  material  are  unable  to  resist 
further  and  the  section  fails,  a  fracture  being  the  result.  And  except  as 
energy  has  been  absorbed  in  making  these  breaks  and  any  heating  of  the 
material  has  caused  radiation  losses,  the  individual  crystals  of  the  rock 
are  allowed  upon  release  of  the  pressure  to  return  to  their  original  form 
(in  conformity  to  Kick's  law,  if  I  understand  it  aright),  and  in  so  returning 
to  this  original  form  they  return  the  energy  they  contained. 

How  is  this  energy  returned?  Either  in  pushing  (or  pulUng)  back  the 
crushing  faces,  or,  in  accordance  with  a  more  universal  law  of  nature, 
attacking  the  weaker  part  of  the  organization  and  completii^  the  breaks 
upon  the  parts  that  have  increased  load  put  ujwn  them  by  breaks  along- 
side them. 

I  can  conceive  of  a  condition  in  a  body  in  which  a  few  individual  crys- 
tals or  groups  of  crystals  are  so  interlaced  that  when  the  body  is  deformed 
by  external  pressure,  and  that  pressure  is  released,  these  few  crystals  are 
so  held  that  they  are  unable  to  return  to  their  original  shape.  And  Kick's 
law  would  apply  to  these,  but  the  effect  of  the  energy  absorbed  by  these 
few  crystals  would  have  no  appreciable  effect  upon  the  total  of  energy 
absorbed  when  actual  crushing  takes  place. 

I  consider  that  the  above  reasoning  applies  to  bodies  in  tension, 
shearing,  or  compression;  it  can  be  shown,  I  believe,  that  these  three 
phenomena  reduce  to  the  same  thing,  the  breaking  of  crystal  or  molecular 
bonds.  I  am  quoting  no  authorities  in  support  of  my  arguments,  as  it 
seems  we  have  to  be  our  own  authority  at  times. 

Mr.  Taggart's  paper  is  a  disappointment  to  me  in  that  he  gives  no 
experimental  data  in  support  of  his  argument.  His  use  of  Eads's  experi- 
ment is  not  convincing;  he  has  made  an  assumption  that  is  unwarranted 
—namely,  that  all  the  deformation  remains  in  the  rock  after  fracture. 

Von  Reytt's  experiments,  which  Mr.  Taggart  cites,  were  made  with 
working  crushing  machines,  in  which  there  are  big  friction  losses,  in  bear- 
ings mostly,  the  actual  efficiency  of  which  I  consider  to  be  less  than  25  per 
cent.,  disr^arding  the  energy  spent  upon  the  unmeasured  fines,  —0.1 
mm.  By  efficiency  I  mean  the  ratio  of  enei^  absorbed  by  the  rock  to 
energy  applied  to  the  machine. 

In  his  criticism  of  my  arguments  in  The  Crushing-Surface  Diagram,' 

'  Engineering  and  Mining  Jiramal,  vol.  xcv,  No.  21,  p.  1040  (May  24,  1913). 
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he  might  have  analyzed  by  Stadler's  method  the  two  crushiag-surface 
diagrams  given  aa  Figs.  4  and  5  in  my  paper.  (The  two  outs  were  trans- 
posed in  making  up  the  forma,  and  certain  box  areas  were  not  marked 
thereon,  although  referred  to  on  the  out.)  A  statement  in  my  original 
copy  that  was  edited  out  suggested  such  analysis  by  the  members  of  the 
Stadler  school.  Provided  my  work  was  honest  and  reasonably  accurate, 
a  comparison  of  "E.  U.'s"  per  foot-pound  apphed  would  be  illuminating. 

Answering  Mr.  Taggart,  T  do  not  presume  to  say  that  crushing  takes 
place  in  commercial  machines  between  offset  faces  as  shown  in  the  theo- 
retical diagram  I  used  to  show  the  application  of  the  law  of  Rittinger,  I 
might  have  amplified  it  further  by  showing  how  the  cracks  actually  occur 
in  the  breaking  rock  and  how  the  broken  pieces  assume  their  original  vol- 
ume in  accordance  with  Kick's  law.  But  my  paper  was  written  with  the 
purpose  of  explaining  a  new  tool  for  mill  operators,  and  I  was  hardly  pre- 
pared to  take  at  that  time  the  full  burden  of  the  defense  of  Mr.  Rittinger. 
I  did  what  I  could,  and  as  I  look  over  that  argument  now,  it  looks  pretty 
good  to  mc. 

But  why  "argify"?  The  place  to  prove  whether  either  law  applies 
to  crushing  operations  is  in  the  laboratory,  and  there  upon  machines 
which  will  enable  us  to  determine  the  energy  absorbed  by  the  rock,  not 
in  commercial  crushing  machines. 

Some  data  of  this  kind  I  have  at  hand.  I  may  say  that  it  is  all  favor- 
able to  the  law  of  Rittinger,  and  that  it  will  be  submitted  to  the  Institute 
shortly. 

Hallet  R.  Robbins,  Pullman,  Wash,  (communication  to  the  Secre- 
tary*).—It  is  with  some  trepidation  that  I  venture  to  comment  upon  Mr. 
Taggart's  excellent  paper,  which  has  done  a  great  deal  to  clarify  a  subject 
heretofore  somewhat  obscure.  The  arguments  brought  forward  in  sup- 
port of  Kick's  law  are  logical  and  convincing. 

Mr.  Ta^art  seems  to  have  gone  astray  on  those  of  his  formulie  which 
involve  F,  the  "  area  of  fracture  with  reference  to  unit,"  or  else  he  has  not 
made  his  definition  auEGciently  clear.  To  my  mind,  F  means  the  total 
area  of  all  the  planes  of  fracture  which  arc  assumed  to  pass  through  the 
unit  cube,  when  this  is  broken  into  a  number  of  smaller  cubes  of  equal 
size.     Using  the  notation  of  the  original  paper,  the  number  of  these  planes 

of  fracture  is  represented  by  the  expression  31  q  —  1)-  The  area  of  each 
plane  of  fracture  is  U*.  The  total  area  of  fracture  is  then  equal  to 
3U*(„  —  1)  which  may  be  written  —  ^  '  The  results  given  by 
this  formula  may  be  checked  by  inspection  and  a  slide  rule  for  those  cases 
where  the  unit  cube  is  reduced  in  linear  size  one-half,  one-quarter,  etc. 
For  example,  to  break  into  64  cubes  of  one-quarter  the  linear  size  of  the 
•  Received  Mar.  31,  1914. 
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unit,  it  is  readily  seen  there  must  be  nine  planes  of  fracture,  each  one 
(0.896)'  or  0.8028  sq.  in.  in  area;  9  X  0.8028  =  7.225,  checking  the 
figure  in  my  table  of  constants. 

Based  upon  the  preceding  formula  for  F,  I  offer  the  accompanying 
revised  table  of  formulfe  for  determining  Stadler's  constants. 

Raristd  TtMe  of  Formula  for  DeUrminmg  SladUr'a  Cotulmtt 
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I  have  also  calculated  a  table  of  constants  for  the  sieves  of  the  Tyier 
standard  screen  scale,  based,  not  upon  the  aperture  of  the  coarsest  screen 
as  a  unit,  but  upon  the  average  size  of  the  product  through  the  coarsest 
sieve  on  the  next  finer.  The  reason  for  this  ia  that  any  product  in  a  screen 
analysis  consists  of  particles  ranging  in  size  between  the  apertures  of  the 
limiting  screens.  For  all  practical  purposes  it  is  proper  to  take  aa  the 
average  size  of  this  product  the  mean  of  the  apertures  of  the  limiting 
screens.  This  is  equivalent  to  assuming  that  the  curve  of  crushing  is  a 
straight  line  between  the  points  represented  by  two  consecutive  screens. 
A  table  calculated  on  the  basis  of  the  average  sizes  of  the  succesmve 
screened  products  should  be  more  generally  useful  than  one  based  on  the 
apertures.  For  the  sake  of  imiformity,  I  have  followed  Mr.  Taggart's 
example  in  calculating  the  table  to  five  significant  figure,  although  three 
are  all  that  is  warranted,  inasmuch  aa  the  screen  apertures  are  accurate 
only  to  three  significant  figures,  and  in  some  instances  even  the  third 
figure  is  inaccTirate.  The  Energy  Numbers  in  my  table  will  not  all  be 
integers,  if  carried  beyond  three  significant  figures,  for  this  reason. 

For  the  Tyler  standard  screen  scale  sieves,  R  =  2*  =  2.8284,  log 

R  =  0.4515450,  and  log  (log  R)  =  9.6547010;  r  ~~-  0.35355,  log  r  = 
9.5484500. 
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W,  J.  Sharwood,  Lead,  S.  D.  (communication  to  the  Secretary*): — 
The  author  of  this  paper  has  done  good  service  in  attempting  i  to  clear 
up,  for  the  average  mill  man,  some  of  the  difGculties  involved  in  ao 
imderstanding  of  the  rival  "laws"  proposed  for  comparing  the  work 
of  crushing.  It  is  regrettable  that  more  exact  experimental  data  are 
not  available,  and  the  hope  may  be  expressed  that  such  data  may  soon 
be  forthcoming. 

Hydrometaliui^sts  must  regret  to  see  Rittinger's  law  disproved,  for 
surface  exposed  is,  in  general,  a  measiu-e  of  the  accessibility  of  solutions  to 
ore;  and  this  rule  also  ceases  to  approximate  the  truth  only  when  the 
finest  sizes  are  reached.  If  the  promises  are  sound  the  author  has  evi- 
dently proved  the  case  for  Stadler's  Energy  Units. 

The  fact  that  F  is  not  absolutely  equal  to  SV*/S  (as  assumed  on  p. 
158),  but  to  3U'/S  —  3U*,  does  not  apparently  invalidate  the  proof  in 
any  way. 

There  appears,  however,  to  be  a  flaw  ih  the  supplementary  reasoning 
on  p.  160,  for  if 


we  would  have  W  =  3KCU»XP 

where  K,  C,  and  U  have  all  been  assumed  as  having  constant  values. 

Hence  W  =  constant  X  P 

That  is  to  say.  the  work  done,  in  crushing  a  given  weight  of  ore  from  any 

one  st^e  to  the  next,  would,  from  this  reasoning,  be  proportional  to  the 

number  of  particles  at  the  first  of  these  two  stages.     If  this  were  actually 

the  case,  the  law  deduced  would  give,  with  the  finer  sizes,  extremely  lat^e 

work  values,  even  larger  than  Rittinger's  increase  of  surface  principle. 

Apparently  errors  have  been  introduced  in  lines  12  and  13  from  foot 
(p.  160),  by  assuming  that  the  distance  through  which  the  force  acts  is 
C  S;  that  is,  that  it  is  a  constant  product  of  the  final  dimension,  rather 
than  of  the  dimension  before  the  breakage  takes  place.  Again,  in  the 
next  line  we  have:  K  F  C  S  =  work  to  rupture  one  particle,  instead  of 
(dl  particles,  although  F  has  been  previously  defined  as  the  fracture  sur- 
face of  the  total  number  of  particles  derived  from  the  original  unit. 

Crushing  from  one  stage  to  another,  several  grades  finer,  may  be 
effected  in  a  number  of  ways.  For  instance,  consider  an  8-in.  cube  which 
is  to  be  reduced  to  cubes  of  1-in.  edge.  (1)  It  is  conceivable  that  this  might 
be  done  at  one  step,  say  by  pressure  applied  at  two  opposite  comers, 
breaking  it,  like  Oliver  Wendell  Holmes's  one-hoss  shay, "  all  at  once  and 


•Received  April  20,  1914. 
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all  o'er,"  into  512  l-in.  cubes  (Fig.  1).  Or  (2)  by  s  similar  application  of 
force  it  might  break  at  the  first  stage  into  eight  4-in.  cubes,  each  of  which 
m^ht  again  be  similarly  broken,  per  saUum,  into  2-in.,  and  these  again 
into  l-in.  cubes.  (3)  A  process  of  repeated  besection  might  be  applied, 
the  cube  being  first  cleft  into  two  4-in.  slabs,  as  in  Fig.  2,    These  again 


£ 


.iCI^'KZT] 


Fio.  4. 


Fio.  i 


may  be  bisected,  either  by  a  cut  across  a  narrow  face,  as  in  Fig.  3A,  or 
acrosa  »  square  face,  as  in  Fig.  3B,  each  forming  two  "bricks"  4  by  4  by 
8  in.,  which  are  broken  crosswise  into  4-in.  cubes.  The  cycle  is  repeated 
to  give  2-in.,  and  again  for  l-in.  cubes. 

From  reasoning  on  the  lines  followed  by  Mr.  Ta^art,  it  would  seem 
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that  the  first  method  requires  the  greatest,  and  the  repeated  bisection 
the  smallest,  expenditure  of  energy.  This  indicates  that,  from  the 
standpoint  of  work,  fine  crushing  is  best  affected  in  several  stages. 

One  source  of  difficulty  in  following  the  reasoning  is  due,  I  think, 
to  the  choice  of  the  particular  ratio  of  diameters  adopted  for  the  success- 
ive stages.  In  this  connection  the  following  quotations  may  be  cited  from 
Mr.  Stadler's  reply  to  the  discusaon  on  his  paper,  as  it  originally  ap- 
peared in  the  BuUetin  of  the  InttitiUion  of  Mining  and  MeUiUurgy: 

"Just  as  coordinates,  in  analytical  geometry,  are  a  mere  matter  of  oonvenienoe,  so 
the  determination  of  the  sizee  and  steps  in  grading  is  simply  a  question  of  oonvention. 
Once,  however,  we  have  adopted  a  particular  standard  of  measurement,  we  must 
stick  to  it.  .  .  .  I  Adopted  the  oube  for  the  sake  of  mathematical  simplicity.  The 
sphere  would  have  been  equally  suitahle  from  a  mathematical  standpoint,  but  the 
reduction  of  &  sphere  to  smaller  spheres  is  not  easily  pictured  in  the  mind,  vhile  the 
reduotion  of  a  cube  te  smaller  cubes  is  easily  im^;ined." 

"By  redudng  thecube  of  the  unit  successively  to  ono'half  of  ilt  volwtu,  and  aaaum- 
ing  these  fractions  bo  be  again  of  cubical  shape,  each  sice  of  this  series  of  theoretical 
cubes  obtained  represents  a  grade  of  a  reduoUon  scale  of  the  ratio  2." 

The  successive  diameters  adopted  by  Mr.  Stadler  have,  therefore, 

the  ratio  77^- 

When  breakage  of  a  cube  is  assumed  ,to  take  place  in  a  number  of 
stages,  at  each  of  which  the  ratio  of  successive  average  diameters  is  the 
same;  and  if,  as  in  the  series  considered  by  Mr.  Taggart  and  by  Mr. 

Stadler,  this  ratio  is  an  irrational  number  auch  as  — ^  or  t7=.  it  is  a  phys- 

ical  impossibility  to  carry  out  the  comminution  In  practice. 

If,  for  example,  we  assume  the  ratio  of  diameters  to  be   -7^  or  0.707, 

and  we  attempt  to  carry  out  one  stage  of  crushing  on  a  single  unit  cube, 
we  find  that  we  get  only  one  resulting  cube  of  the  theoretical  dimension, 
and  the  same  for  each  consecutive  stage;  the  remainder  of  the  mass  is 
necessarily  broken  up  into  pieces  of  indefinite  size.     The  same  is  true  of 

the  ratio  x^. 

A  clear  mental  pictine  of  the  process,  as  s^^gested  by  Mr,  Stadler,  is 
undoubtedly  de^able,  but  many  people  seem  to  find  it  difficult  to  con- 
jure up  a  mental  picture  of  one  cube  of  rock  being  subdivided  exactly 
into  two  cubes.  It  is,  however,  easy  to  understand  the  subdivision  when 
the  succesuve  linear  dimendons  have  a  ratio  corresponding  to  some  ample, 
fraction,  preferably  },  thus  giving  stages  of  crushing  which  can  actually 
be  realized,  aa  for  instance  by  the  breaking  of  a  single  unit  cube  into  eight 
cubes — mther  at  one  motion  or  by  three  successive  bisections,  as  illus- 
trated in  Figs.  1  to  5. 
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On  accouDt  of  this  fact  th  at  most  people,  whose  mathematical  facul- 
ties are  only  moderately  developed,  find  it  easier  to  follow  the  reasoning 
where  the  reductions  in  size  are  physically  possible,  it  would  seem  de- 
sirable to  make  the  Energy  Units  conform  to  some  integral  ratio  of  di- 
ameters, preferably  2 : 1  rather  than  V  2: 1,  and  to  make  the  intermediate 
values  fractional. 

This  system  has  the  advant^e  of  simplicity,  as  it  is  eafdly  remembered 
that  each  halving  of  the  average  diameter  means  an  addition  of  one  miit 
to  the  ordinal  number.  Thus  in  the  case  of  Mr.  Taggart's  table  (p.  161) 
the  only  change  involved  would  be  the  division  of  all  the  numbers  in  ike 
last  column  by  two,  each  screen  grade  in  the  Tyler  series  corresponding 
to  an  ordinal  number  of  ^.  If  Hoover's  V2  series  of  screens  were 
adopted,  each  successive  screen  would  mean  an  addition  of  }  to  the 
ordinal  number.    In  a  ^2  series  the  addition  would  be  i,  and  so  on. 


Research  with  Regard  to  the  Non-Hagnetic  and  Magnetic  Conditions 
of  Manganese  Steel 

Z>iacu88ion  of  the  paper  of  pRor.  B-  Hopkinbon  and  Sir  Robbbt  Hadpibld,  pre- 
sented at  the  New  York  Meeting,  February,  1914,  and  printed  in  BuUttin 
Mo.  87,  March,  1914,  pp.  SIS  to  530. 

W.  S.  PoTTBB,  Kttsburg,  Pa. — The  writer  of  this  paper  speaks  of 
heating  ^>ecimens  of  rolled  manganese  steel  cont^ning  carbon  1.21  per 
cent.,  manganese  12.36  per  cent.,  in  a  cementation  furnace,  and  of  ob- 
tfuning  various  d^rees  of  magnetic  increase  in  the  different  specimens. 

Under  the  heading  "A,"  completely  or  practically  non-magnetic, 
the  writer  mentions  specimens  Nos.  5972  and  5973,  each  heated  15  hr. 
at  530°  C,  while  under  the  heading  "C,"  very  magnetic,  he  lists  speci- 
mens 5748  and  5750,  heated  at  550°  and  500°  C,  each  for  6  hr.  (in  all 
four  cases  the  metal  was  cooled  with  the  furnace).  A  lower  magnetic 
effect  was  observed  m  the  one  case  after  15  hr.  heating  at  530°  C.  than  in 
the  other  two  specimens  heated  for  the  lesser  time,  one  at  550°  C.  and 
the  other  at  500°  C. 

I  would  ask  the  writer  what  analyses,  particularly  as  to  carbon,  were 
found  in  the  various  specimens  in  the  lots  "A,"  "B,"  and  "C"  after 
the  heat  treatment.  In  July,  1911,  about  two  carloads  of  manganese- 
steel  sheets  were  rolled  at  the  works  of  the  American  Sheet  &  Tin  Plate 
Co.  at  Vahdergrift,  Pa.  As  an  experiment,  one  sheet  was  annealed  in 
the  box  annealing  furnace.  This  sheet  was  hard,  brittle,  and  highly 
magnetic.  It  went  into  the  furnace  with  carbon  1.17  per  cent.  It  came 
out  with  a  carbon  content  of  0.65  per  cent. 

In  my  paper  presented  to  this  Institute  at  this  meeting  on  the  sub- 
ject of  manganese  steel,  the  various  heat  treatments  as  per  Series  2,  with 
the  exception  of  heat  treatments  I,  2,  and  3,  caused  the  bars  to  suffer  a 
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very  notable  change  in  respect  to  magnetic  qualities;  that  is  to  say, 
manganese^teel  bars  heat  treated  for  1  hr.  at  temperatures  of  from  371° 
C.  to  1,204°  C.  were  much  more  magnetic  than  in  the  ordinal  rolled  and 
water-quenched  state  of  the  steel,  but  this  was  confined  to  the  skin  of 
the  bars,  except  as  follows :  A  magnetic  increase  was  j  ust  noticeable  in  the 
interior  portions  of  the  bars  heated  to  400°  C.  to  700*  C,  but  not  in  those 
heated  to  higher  temperatures.  The  sorbitic  and  martensitic  conditions 
of  the  steel  have  perhaps  a  sUghtly  greater  mi^netic  quality  than  the 
austenite  state.  The  strong,  unmistakable  magnetic  effects  so  far  as  1 
have  observed  them,  are,  however,  accompanied  with  loss  of  carbon,  and 
a  general  break  up,  which  might  be  expected  to  Uberate  iron  from  a  double 
carbide  of  iron  and  manganese. 

I  repeat  my  question.  What  were  the  analyses  of  Sir  Robert  Hadfield's 
specimens  after  the  various  long  heatings  which  he  mentions? 

Albbbt  Sauveur,  Cambridge,  Mass. — This  paper  has  interested 
me  very  much,  but  apparently  I  am  not  looking  at  the  question  from  the 
standpoint  of  the  authors,  because  while  they  show  in  their  paper  a  very 
strong  argument  against  the  allotropic  theory,  I  End  it  one  of  the  best 
supports  of  the  allotropic  theory  ever  ofEered.  In  my  opinion,  the 
behavior  of  manganese  steel  under  heat  treatment  can  be  accounted  for 
on  terms  of  the  allotropic  theory,  and,  so  far  as  I  can  see,  in  no  other  way. 

Henrt  M.  Howe,  New  York,  N.  Y. — I  think  the  Chairman  has 
spoken  very  justly  in  saying  that  the  experiments  of  Sir  Robert  Hadfield 
are  a  very  strong  support,  not  of  the  allotropic  theory— that  does  not 
require  any  support,  that  is  as  firmly  established  as  the  dynamic  theory 
of  heat  compared  with  the  phlogistic  theory  of  heat.  I  do  not  think  it  is 
open  to  discusdon.  Phlt^stic  theory  of  heat  is  a  little  longer  dead.  The 
theory  that  ws  have  no  allotropy  in  iron  is  equally  dead  with  the 
phlt^tic  theory.     It  simply  is  not  quite  so  long  dead. 

The  case  of  manganese  steel  is  greatly  compUcated  from  the  fact  that 
from  it  the  cementite  precipitates  with  great  readiness,  and  that  makes 
the  phenomena  much  more  difficult  to  interpret,  but  this  evidence  that 
you  pass  to  the  magnetic  state  so  readily,  it  seems  to  me,  is  fully  in  accord 
with  the  idea  which  I  expressed  this  morning  earher,  that  you  have  this 
beta  state  intermediate  between  the  gamma  and  the  alpha  state.  In  the 
case  of  nickel  steel,  to  which  I  referred,  that  is  now  to  a  large  extent 
paralleled  by  that  of  manganese  steel,  that  you  could,  by  proper  heat 
treatment,  transfer  from  the  gamma  state  to  this  magnetic  state. 

B.  HopKiNSON,*  Cambridge,  England  (communication  to  the  Secre- 
taryt).— I  am  very  glad  that  Sir  Robert  Hadfield  has  been  able  to  present 
a  paper  to  the  American  Institute  of  Minii^  Engineers  on  mai^anese 
steel  and  to  include  in  it  some  account  of  the  research  on  which  we  have 
recently  been  engaged  together.  I  need  hardly  say  that  I  entirely  agree 
•  Non-member.  t  Received  Mar,  7,  1914, 
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with  the  statement  which  he  has  given  of  the  general  results  of  our  joint 
work.  I  should  like  to  add  one  point  which  has  arisen  since  Sir  Robert 
Hadfield  left  this  country  for  the  United  States.  He  refers  in  his  paper 
to  the  hardening  or  stiffen!!^  of  water-toughened  manganese  steel  which 
occurs  when  a  test  piece  is  pulled  out  and  broken;  the  parts  near  the 
fracture  have  2  or  2}  times  the  Brinell  hardness  number  that  the  metal 
possessed  before  the  fracture.  An  accurate  magnetic  test  which  I  have 
made  recently  on  one  such  bar  which  Sir  Robert  Hadfield  sent  to  me  just 
before  he  left  shows  that  the  hardened  portion  near  the  fracture  is  very 
slightly,  but  quite  distinctly,  magnetic.  The  magnetism  in  intense  fields 
is  about  0.8  per  cent,  of  that  of  pure  iron',  whereas  a  piece  cut  from  the 
unstrained  ends  of  the  same  bar  would  show  less  than  0.3  per  cent.  This 
fact  does  not,  of  course,  a£fect  Sir  Robert  Hadfield's  general  conclusion 
that  profound  changes  in  mechanical  properties  may  be  associated  with 
very  slight  changes  in  m^netic  properties  and  presumably  therefore  with 
but  little  change  in  the  molecular  condition  (whether  by  the  formation  of 
allotropic  modifications  or  otherwise)  of  the  iron  or  other  elements 
present. 

The  fact  that  manganese  steel  which  has  been  hardened  by  pulling  is, 
tiiough  only  slightly  magnetic,  still  many  times  as  magnetic  ae  the  same 
steel  before  the  work  has  been  done  on  it,  has  some  significance,  however. 
Taken  tc^ther  with  much  other  evidence  which  cannot  be  summarized 
here  but  which  will  be  given  in  detail  in  the  paper  which  Sir  Robert 
Hadfield  and  I  presented  last  October  to  the  Iron  and  Steel  Insltute,  to  be 
read  in  May,  it  seems  to  me  to  show  that  the  hardness  of  this  material 
when  in  the  mi^netic  condition  is  due  to  the  presence  of  a  hard  constituent, 
which  is  produced  by  heating  the  water-toughened  steel  to  any  temperature 
between  400°  and  600°  C.  or  by  mechanical  work.  As  the  amount  of  the 
constituent  Is  increased  the  magnetism  increases  with  it,  but  whether  this 
is  because  it  is  itself  magnetic  or  because  the  remainder  is  made  magnetic 
by  the  abstraction  of  carbon  or  manganese  into  the  new  constituent,  the 
evidence  is  as  yet  insufficient  to  decide.  Stead,  who  proved  the  existence 
of  such  a  constituent  in  1894,  was  of  the  latter  opinion.  It  is  apparently 
formed  as  a  continuous  network  inclosing  separate  grains  of  (presumably) 
still  soft  metal.  In  consequence  of  this  distribution  even  small  quantities 
of  it  such  as  are  associated  with  trifiing  changes  of  magnetism  can  greatly 
affect  the  mechanical  properties  of  the  material,  just  as  a  trace  of  lead 
added  to  gold  entirely  destroys  its  ductility  by  forming  a  brittle  eutectic 
inetosing  Hbe  gnuns  of  pure  metal.  Facts  such  as  these  suggest  that  no 
invariable  relation  ought  to  be  expected  between  the  mechanical  prop- 
erties of  a  steel  and  the  molecular  condition  of  its  constituents,  because  so 
nauch  depends  upon  the  arrangement  of  these  constituents.  The  pro- 
duction by  heat  treatment  of  a  hard  constituent  (say  the  beta  iron  of  the 

'fix  ordinary  fields  it,  of  oourae,  ramtuos  practically  non-raagaetic. 
a 
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allotropists,  assuming  such  to  exist),  even  in  considerable  quantities, 
m^ht  leave  the  material  perfectly  ductile  if  it  were  formed  in  separate 
nodules  inclosed  in  a  matrix  of  ductile  metal.  On  the  other  hand,  quite 
a  small  quantity  of  the  same  material  arranged  as  a  continuous  network 
might  confer  hardness.  It  seems  to  me  that  any  theory  which  fails  to 
take  full  account  of  this  important  factor  of  arrangement  is  likely  to  lead 
to  wrong  conclusions. 

I  ought  perhaps  to  add  that  the  views  expressed  in  the  last  paragraph 
must  be  taken  as  the  expression  of  my  own  opinion  only,  as  I  have  not  yet 
bad  the  opportunity  of  discussing  this  interpretation  of  the  facte  fuUy 
with  Sir  Robert  Hadfield. 

Sib  Robbbt  Hadfield  (communication  to  the. Secretary*): — I  note 
with  much  interest  Mr.  Potter's  remarks  regarding  the  decarbonlzation 
of  a  manganese-steel  sheet.  A  thin  sheet  may  be  readily  decarbonized, 
so  that  a  reduction  from  1.17  to  0.65  per  cent,  carbon  might  be  expected. 
In  our  own  practice  in  Sheffield  we  have  had  similar  experience. 

As  regards  the  latter  portion  of  Mr.  Potter's  remarks,  he  says  that 
"manganese-steel  bars  heat-treated  for  1  hr.  at  temperatures  of  from 
371''  C.  to  1,204°  C.  were  much  more  magnetic  than  in  the  original  rolled 
and  water-quenched  state  of  the  steel."  If  by  this  he  means  that  upon 
heating  to  371"  C.  the  material  becomes  magnetic,  then  it  is  quite  certain 
he  would  not  be  able  to  obtain  magnetic  qualities.  The  temperatures 
referred  to  in  our  paper  must  be  reached  before  this  change  from  non- 
magnetic to  magnetic  condition  occurs.  It  was  one  of  the  objects  of 
presenting  this  paper  to  identify  and  make  clear  the  exact  temperatures, 
or  as  near  as  is  possible,  at  which  this  extraordinary  change  occurs;  that 
is,  when  manganese  steel  passes  from  the  ordinarily  non-magnetic  into  the 
magnetic  condition. 

With  regard  to  the  various  specimens  referred  to  in  our  paper,  and  the 
question  asked  by  Mr.  Potter,  I  can  assure  him  most  positively  that  there 
was  practically  no  alteration  in  the  percentages  of  carbon,  whether  by 
short,  medium,  or  long  heat  treatment.  We  have  repeatedly  tested  and 
proved  this.  If  Mr.  Potter  wishes,  I  would  be  very  pleased  to  send  him 
specimens  of  our  manganese  steel  before  and  after  the  treatment  referred 
to  in  the  paper,  so  that  he  himself  could  verify  the  statement. 

I  would  again  state  most  positively  that  the  magnetic  effect  produced 
has  been  obtained  entirely  apart  from  any  loss  of  carbon  in  the  steel. 
Mr.  Potter  speaks  of  "a  general  break  up."  Thia  term  seems  somewhat 
vague,  and  it  is  difficult  to  answer  his  question  without  more  definite  in- 
formation as  to  what  he  has  in  mind  by  the  use  of  this  term. 

I  note  with  interest  Professor  Sauveur'a  remarks,  and  in  reply  would 
say  that  as  I  have  dealt  with  the  points  with  regard  to  allotropy  in  my 
discussion  on  his  paper  entitled  Notes  on  Some  Heating  and  Cooling 
■Reoeived  A|ml  13,  1914. 
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Curves  of  Professor  Carpenter's  Electrolytic  Iron,  it  would  be  better  to 
refer  the  reader  to  this  for  fuller  commenta. 

In  the  same  way  as  regards  Professor  Howe's  remarks.  I  do  not, 
however,  quite  understand  what  Professor  Howe  means  by  the  allotropic 
theory,  which  in  the  language  of  the  founder  (M.  Osmond)  was:  "I  con- 
clude that  hardened  steel  owes  its  properties  principally  to  the  presence  of 
beta  iron,  which  is  hard  and  brittle  by  itself  at  the  ordinary  temperature." 
If  Professor  Howe  includes  this  as  one  of  the  basic  points  and  claims  that 
there  is  a  hard  beta  adamantine  form  of  iron,  then  not  only  is  this  seri- 
ously open  to  discussion,  but  such  theory  has  now  been  proved  to  be  un- 
tenable. ■  Surely  it  is  the  allotropic  theory,  if  it  is  intended  in  this  sense, 
which  is  dead. 

I  would  suggest  that  those  interested  in  this  matter,  before  making 
any  further  positive  statements  with  regard  to  the  allotropic  theory, 
sbould-read  the  recent  important  papers  by  A.  McCance  on  The  Theory 
of  Hardening,  Professors  Edwards  and  Carpenter  on  The  Hardening  of 
Metals,  and  Professor  Honda  on  Transformations  of  Iron  and  Steel  at 
High  Temperatures.  These  three  authors  clearly  prove  that  the  much- 
disputed  A2  point  represents  no  allotropic  change  at  all;  also  that  beta 
iron  does  not  exist. 

I  quite  agree  with  Professor  Howe's  remarks  regarding  cementite 
being  precipitated  with  great  readiness  in  manganese  steel. 


The  Heat  Treatment  of  Steel  Castings 

DiBcussion  of  the  papei  of  C.  D.  YouNO,  O.  D.  A.  Pkass,  and  C.  H.  Stband,  pre- 
mnted  at  the  New  York  meeting,  Febriuuy,  1014,  and  printed  in  BvUeHn  No.  80, 
FM>ruarr,  1014,  pp.  327  to  233. 

C.  H.  Strand. — I  would  Ufce  to  supplement  the  description  of  the 
photomicrographs  by  an  interpretation  of  them  by  some  figures  which  I 
have  made  which  will  perhaps  be  rather  a  departure  from  what  has  been 
done  in  the  past. 

Since  this  paper  was  written,  there  has  been  considerable  agitation 
concerning  the  question  of  grain  size  in  steel.  As  a  result,  Mr.  Young, 
Engineer  of  Tests,  P.  R.  R.,  has  asked  if  it  is  not  possible  to  devise  a 
metallographic  specification  of  necessarily  wide  tolerances.  The  results 
of  my  work  in  this  connection  have  convinced  me  that  the  size  and 
amount  of  the  ferrite  areas  is  the  shortest  and  best  means  of  judging  the 
grain  size  in  annealed  and  heat-treated  steels.  Ferrite  has  a  tensile 
strength  of  50,000  lb.  per  square  inch;  pearlite,  110,000  lb.;  and  sorbite, 
somewhat  higher.  Obviously,  as  the  percentage  of  ferrite  and  sise  of 
individual  ferrite  areas  decrease,  the  strength  of  the  steel  increases. 
However,  there  must  be  a  maximum  and  minimum  limit  for  this  con- 
diUon.    In  a  steel  with  laige  ferrite  areas  fracture  easily  originates  and 
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progresses.  Fiodii^  the  method  of  measuring  areas  too  tedious,  I  decided 
simply  to  measure  the  length  of  the  longest  axis  or  dimension  of  several 
of  the  largest  grains  in  the  field,  average  them,  and  calculate  the  theoret- 
ical number  of  these  in  a  row  per  inch.  I  have  estimated  the  grain  nie 
of  the  steel  from  the  eight  photomicrographs  from  this  paper,  which  are 
as  follows; 

Annealed:  Ferrite  Cells  per  Inch 

Fig.  1,  No.  B43 14,000 

Fig.  2,  No.  B18 13,000 

Fig.  3,  No.  B2  16,000 

Kg.  4,  No.  B29 27,000 

Average,  annealed 17,200 

Heat  Treated: 

Fig.  5,  No.  BIO 62,000 

Fig,  6,  No.  B39 100,000  ? 

Fig.  7,  No.  B16 100,000 

(  Rg.  8.  No.  BE 60,000 

Average,  heat  treated 78,000 

The  average  of  annealed  samples  is  17,200  and  of  heat  treated  is 
78,000,  showing,  as  is  to  be  expected,  a  much  purer  grain  in  the  heat- 
treated  steels.  The  results  of  B39  are  not  reliable  as  the  amount  of 
ferrite  is  small  and  indistinguidhable. 

In  railroad  work,  the  sections  are  tor  the  most  part  large,  few  alloy 
steels  are  used,  and  the  carbon  content  is  fairly  low,  resulting  in  the 
presence  of  only  the  constituents  ferrite,  pearlite,  sorbite,  with  some 
troostite.  I  believe  it  possible  to  devise  some  roughly  accurate  short  and 
very  useful  metal lographic  specification  for  annealed  and  heat-treated 
steel.  I  would  be  pleased  to  have  opinions  from  those  present  on  this 
matter  and  to  exchange  specimens  and  views  on  methods  of  carrying  on 
this  work,  with  the  object  of  the  adoption  of  a  standard  metallc^aphic 
specification. 

Edwin  F.  Cone,*  New  York,  N.  Y. — I  want  to  call  particular  at- 
tention to  the  results  which  are  given  here  of  commercially  annealed 
steel.  I  have  had  several  years'  experience  in  the  past  in  producing  steel 
castings  for  railroad  work,  especially  locomotive  frames,  and  the  point 
to  be  made  at  the  outset,  it  seems  to  me,  is  that  everything  depends, 
in  the  case  of  large  steel  castings  in  particular,  upon  the  location  of  the 
test  bar  or  the  piece  of  steel  from  which  the  tests  are  to  be  made.  In  the 
case  of  a  bolster,  the  conditions  under  which  these  are  annealed  differ 
from  the  test  bar  that  might  occur  on  a  locomotive  engine  frame.  Also, 
the  original  microstructure  is  totally  different  in  each  case,  rendering 
comparisons  unfair. 

*  Non-member. 
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I  have  never  seen  results  in  commercially  annealed  steel  which  will 
compare  as  to  inferiority  with  the  results  given  in  the  paper.  Hera  is 
a  tensile  strength  of  78,000  lb.  per  square  Jncb  with  an  elongation  in  2  in. 
o[  only  6  per  cent.  Here  is  a  tensile  strength  of  57,000  lb.  per  square  inch, 
with  carbon  0.31  per  cent.,  with  an  elongation  of  only  14.8  per  cent. 
Ordinarily,  in  ninety-nine  cases  out  of  a  hundred,  ca^t  steel  with  a  carbon 
of  0.31  will  give  a  much  higher  tensile  strength,  and  an  elongation  at  least 
twice  14.8;  or  even  two  and  a  half  times  that.  The  0.49  carbon  is  given 
here  with  a  tensile  strength  of  only  69,783  lb.  per  square  inch,  which  is 
absolutely  contrary  to  the  results  obtained  from  commercially  an- 
nealed castings.  Of  course,  a  great  deal  depends  on  the  location  from 
which  these  test^  were  taken. 

The  heat-treated  tests  are  very  interesting,  and  especially  the  method 
of  heat  treatment.  I  have  known  for  some  time  that  experiments  were 
being  made,  and  have  been  very  anxious  to  hear  of  the  results.  I  feel 
somewhat  surprised  that  the  elongation  and  the  reduction  of  area  are  so 
poor  as  compared  with  the  tensile  strength,  and  also  that  the  elastic 
ratio  is  not  higher  than  is  shown  here ;  that  is,  I  mean  by  the  elastic  ratio 
the  quotient  derived  by  dividing  the  tensile  strength  into  the  elastic 
limit. 

I  want  to  add,  particularly,  that  the  same  results  and  much  better 
ones  have  been  obtained  experimentally,  and  also  commercially,  by  what 
is  called  air  tempering;  that  is,  heating  the  castings  to  just  about  the  re- 
calescence  point,  and  pulling  them  out  in  the  air  to  cool.  By  this  method 
one  secures  a  higher  elastic  limit,  as  compared  with  the  tensile  strength 
and  elongation,  far  superior  to  those  shown  in  this  table. 

I  would  like  to  ask  the  authors  from  what  location  in  the  castings  these 
tests  were  taken,  and  whether  the  heat-treated  tests  as  compared  with 
the  commercially  annealed  tests  were  from  the  same  class  of  steel  castings, 
locomotive  frames,  or  whether  they  were  taken  from  other  pieces. 

John  H.  Hall,  New  York.— Mr.  Young's  most  interesting  and 
valuable  paper  is  exceedingly  welcome  at  this  time,  and  to  me  at  least  has 
a  strong  personal  interest.  Some  five  years  ago,  when  I  was  engaged  in 
seeking  to  produce  a  cast  steel  that  should  be  capable  of  resisting  severe 
and  suddenly  applied  stresses  in  service,  I  advocated  the  use  of  a  steel 
of  about  0.25  per  cent,  carbon,  quenched  in  water  or  oil,  and  reheated. 
My  superiors  in  the  company  by  which  I  was  then  employed  were  star- 
tled, to  put  it  mildly,  by  my  proposal  to  subject  ordinary  steel  castings  to 
so  drastic  a  treatment  bb  quenchii^  in  cold  water.  I  was  fortunate  enough, 
however,  to  be  in  the  employ  of  men  who  could  be  "shown,"  and  the 
treatment  was  adopted  and  has  been  used  ever  since. 

Last  June  I  presented  a  paper  on  the  Heat  Treatment  of  Cast  Steel 
before  the  American  Society  for  Testing  Materials,  and  endeavored  to  set 
forth  the  advantages  of  heat  treatment,  properly  so  called,  for  cast  steel. 
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It  was  politely  pointed  out  to  me  in  discuanon  that  though,  of  coune, 
water  quenching  might  be  all  very  well  to  give  fine  mlcrostructures  to 
laboratory  teat  bars,  yet  such  treatment  of  real  caatings  would  be  out  of 
the  question,  on  account  of  the  danger  of  settii^  up  seriouB  stresses  and 
cracking  the  castings. 

My  paper  presented  before  this  Institute  at  the  last  October  meeting, 
on  Shock  Tests  of  Cast  Steel,  was  read  largely  to  show  the  advantages  of 
heat  treatment  for  cast  steel.  In  the  discusuon  of  the  paper,  no  criti- 
cism was  offered  of  the  methods  of  treatments  suggested. 

It  is  most  gratifying,  therefore,  to  find  at  this  time  that  other  shops 
have  taken  up  (he  beat  treatment  of  castings,  and  especially  to  read  in  Mr. 
Young's  paper  (p.  228)  "The  quenching  agent  employed  is  generally 
water  or  oil,  preferably  the  former,  because  of  ite  cheapness  and  drastic 
cooling  effect,  more  readily  breaking  up  the  coarse  cast-steel  grain.  With 
intricate  castings  it  is  generally  best  to  use  oil."  Evidently  others  have 
found  that  the  danger  of  cracking  castings  by  quenching  them  in  water 
has  been  greatly  exaggerated,  as  I  found  five  years  ago;  and  that  the  fine 
microstructure  and  accompanying  strength  and  toughness  produced  by 
quenching  are  advantages  well  worth  securing. 

Mr.  Young  states  that  1  br.  at  about  816°  to  871°  C.  is  sufficient  for 
the  first  beating.  I  myself  am  inclined  to  consider  ttus  a  Uttle  too  short 
a  heating,  when  the  very  best  results  are  to  be  attuned.  Again,  be  gives 
temperatures  for  the  second  heating  varying  from  482°  to  593°  C,  for 
a  0.30-carbon  steel.  It  is  not  stated  how  long  the  castii^  were  sub- 
jected to  this  temperature,  and  I  should  like  to  ask  Mr.  Young  whether  he 
has  investigated  the  infiuence  of  the  time  of  second  heating  upon  the  phy- 
sical properties  of  the  steel.  My  own  experience  has  been  that  several 
hours  are  needed  to  remove  the  quenching  stresses  and  draw  the  hardness 
to  the  desired  degree. 

The  reheating  temperatures  given  seem  to  me  rather  low.  Personally, 
I  have  preferred  to  reheat  the  castings  for  several  hours  to  a  temperature 
closely  approaching  Arl,  some  660°  to  680°  C,  in  order  to  obtain  the 
greatest  possible  toughness,  without  sacrificing  strength  to  too  great  an 
extent.  Mr.  Young  presente  no  figures  for  shock  toughness  of  his  steels, 
nor,  in  the  plot  at  least,  does  he  mention  contraction  of  area — a  most 
important  property.  I  am  inclined  to  think  that  with  such  low  drawing 
temperatures  as  Mr.  Young  ^ves  in  his  paper,  a  shock  test  would  show 
that  the  quenching  hardness  had  not  been  sufficiently  drawn.  I  am  not 
quite  clear  on  this  point,  however,  in  that  Mr.  Young's  paper  gives  but 
four  tests  of  0.30-carbon  steel,  with  an  average  elongation  of  but  11.6  per 
cent.,  and  an  average  contraction  of  area  of  17.3  per  cent.,  while  in  the 
plot  he  gives  an  average  elongation  for  0.30-carbon  steel,  heat  treated,  of 
25  per  cent.,  and  does  not  state  the  contraction  of  area. 

The  following  17  tests  (Table  I)  were  made  upon  coupons  attached  by 
their  long  sides  to  castings  of  an  average  weight  of  about  1,600  lb.     These 
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results  were  selected  at  random  from  some  2,000  tests.  These  castings 
averaged  from  0.20  to  0.30  per  cent,  carbon,  from  1.10  to  1.30  per  cent, 
manganese,  and  about  0.30  per  cent.  silicoD.  Phosphorus  and  sulphur 
were  about  0.05  per  cent.  They  were  heated  3  or  4  hr.  at  900"  C, 
quenched  in  water,  and  reheated  for  from  5  to  8  hr.  to  from  650"  to  680" 
C.  The  very  high  tensile  strength  and  elastic  limit,  coupled  with  high 
elongation,  very  high  contraction  of  area,  a  nearly  perfect  bending  test, 
and  an  excellent  shock  toughness,  are  very  noticeable.  In  Table  II,  I 
Table  I 


Tannk  Stnoctb     Elutia  limit 


prtmont  Kcm. 


88,850 

63,500 

88,300 

61,240 

89,600 

60,400 

86,950 

60,400 

89,200 

61,020 

100,000 

70,820 

92,860 

62,300 

90,100 

60,200 

98,800 

66,680 

88,560 

60,600 

96,160 

65,070 

90,000 

56,100 

86,100 

66,070 

80,800 

51,510 

90,700 

62,780 

85,950 

51,040 

83,460 

61,700 

,       52.90 

19.0 

180 

54.76 

14.0        1 

180 

47.30 

15.0        1 

180 

59.05 

22.0        1 

180 

51,00 

U.O 

180 

49.65 

23.5        1 

180 

66.60 

15.0 

180 

'       58.75 

18.0        1 

180 

48.75 

24,0        1 

145 

54,40 

11.0        1 

180 

67.15 

15.0        1 

180 

66.30 

15.0        1 

180 

;       58.80 

30.0        1 

ISO 

,       62.50 

28.5        1 

180 

1       56.60 

25.5     : 

180 

68.60 

30.0        ! 

180 

I      60.45 

27.5        i 

180 

Table  II 

Prtmont 
Kco.. 

SOUTOI 

Tand* 

atnvth 

Elutto  Limit 

"  wni'" 

S5 

Band)  by 

I  ilLODl-iD. 

Mudnl. 

J.  H.  H.,  Table  I. 
Average 
Lowest 
Highest 

83,780 
80,800 
100,000 

60,020 
51,040 
70,820 

26.9 
22,8 
31-05 

55,44 
47,3 
62-5 

19.9 
11,0 

30,0 

177.6 

145, 

180. 

Young,  Teste 
Average 

86,330 
80,393 
92,750 

65,730 
44,663 
61,940 

11,6 
4,3 
17,3 

17,3 

7,7 
27,3 

! 

Highest 

Young,  Hot 

89,000 

55,000 

24.0 

1                I 

i                i 
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have  sinnmarized  Mr.  Young's  results  and  my  own,'in  order  to  show  that 
by  the  use  of  higher  drawing  temperaturea  (and  a  high  percentage  of 
manganeae)  it  ie  possible  to  secure  castings  as  strong  as  those  of  Mr. 
Young,  but  much  tougher  than  those  he  shows  in  full.  It  would  be  mort 
interestii^,  as  I  said  before,  if  Mr.  Young  would  supplement  his  excellent 
paper  by  giving  ua  more  detailed  information  on  the  tests  upon  which  his 
plot  is  based. 

0.  D.  A.  Pease. — Relative  to  the  test  specimens,  as  brought  out 
earlier  in  the  discussion,  these  test  specimens  were  cut  from  the  bolster 
itself,  from  that  part  of  the  bolster  which  was  not  strained  during  the 
time  of  the  transverse  test  of  the  full  size  bolster,  and  were  taken  outside 
of  the  supporting  knife  edges.  It  is  interesting  to  note  in  connection  with 
the  manufacture  of  steel  castings,  such  as  bolsters,  that  the  sections  are 
rather  thin,  and  I  might  remark,  in  the  way  of  getting  an  elongation  in 
our  tests,  which  is  considered  a  little  low  as  compared  with  the  other 
properties,  that  it  is  due  to  the  fact  that  the  chances  of  getting  a  sound 
test  piece  out  of  the  casting  are  about  one  out  of  ten. 

The  reason  why  the  tensile  test  results  as  shown  in  the  table  do  not 
check  well  with  those  shown  on  the  plate  is  that  the  figures  in  the  table 
are  from  light  castings,  or  bolsters,  as  stated,  and  the  plate  shows  the 
figures  as  taken  from  heavy  eastings.  We  did  get  some  good  results 
from  heavy  castings.  I  might  mention  here  one  which  I  have  noted.  It 
happens  to  be  a  part  of  a  locomotive  frame.  '{By  the  way,  we  have  some 
heat-treated  locomotive  frames  in  service,  and  they  were  quenched  in 
water.)  It  is  about  0.30-carbon  steel,  double  water  quenched  at  1,550° 
P.,  and  the  temperature  drawn  to  1,110°.  This  casting  gave  tensile 
results  as  follows:  51,000  lb.  elastic  limit,  90,000  lb.  ultimate  strength, 
a  ratio  of  about  57,  an  elongation  of  23.3  per  cent.,  and  a  reduction  of 
area  of  41.1  per  cent.  We  have  duplicated  such  results  as  these  on  a 
number  of  occasions,  and  consider  that  they  were  very  good. 

In  (he  matter  of  heating  for  1  hr.  for  a  foot  thickness,  I  will  say  that 
this  is  considered  by  most  people  rather  short,  and  I  rather  agree  with 
Mr.  Hall  on  that  point.  A  good  many  of  the  milts  take  light  castings, 
for  instance,  and  let  them  soak  for  a  period  of  about  4  hr,  after  the  tem- 
perature is  apparently  up,  Por  heavy  castings  some  people  allow  6  hr. 
The  most  vital  thing  in  connection  with  heat-treating  castings,  especially 
those  of  irregular  shape,  weight,  size,  and  form,  is  the  time  during  which 
you  have  them  in  the  water.  This  depends  on  the  cross-sectional  thick- 
ness and  the  irregularities  of  the  shape.  Four  minutes  are  probably 
sufficient  for  water  quenching  of  &  casting  of  from  4  to  6  in.,  square  or 
round,  in  cross-section.  This  gives  sufHcient  chilling  effect,  and  as  long 
as  the  glow  has  absolutely  disappeared,  and  the  casting  has  steamed 
off  and  dried  quickly  when  removed  from  the  water,  it  is  chilled  and 
quenched.    It  should  at  that  time  be  removed  directly  to  the  drawing 
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furnace,  before  it  is  allowed  to  become  cold.  This  eliminates  the  possi- 
bility of  the  introduction  of  any  quenching  stresses,  and  will  also  eliminate 
the  chances  of  crackii^. 


The  Influence  on  Quality  of  Cast  Iron  Exerted  by  Oxygen,  Nitrogen, 
and  Some  Other  Elements 

DiacuBsioD  ol  the  paper  of  J.  E.  Johnson,  Jr.,  presented  at  the  New  York  nteeting, 
February,  1914,  and  printed  in  Buiklin  No.  85,  January,  1914,  pp.  1  to  40, 

RicHABD  MoLDBNEEj  Watchung,  N.  J. — I  am  very  deeply  interested 
in  Mr.  Johnson's  paper,  as  I  have  been  working  on  the  same  subject  for 
over  20  years.  The  paper  is  a  difficult  one  to  discuss,  as  there  is  so  much 
in  it  that  ^rees  with  our  experience,  and  again  certain  thii^  that  are 
diametrically  opposed  to  what  good  foundry  practice  has  indicated  as  be- 
ii^  the  case. 

I  must  thank  Mr.  Johnson  for  proving  so  clearly  the  actual  presence  of 
oiQrgen  in  cast  iron,  as  I  have  been  claiming  this  for  years  as  the  cause  of 
most  of  the  foundryman's  troubles  on  the  iron  end.  It  looks  somewhat 
dubious  to  the  chemist  to  claim  the  presence  of  even  small  percentages  of 
oxygen  where  the  carbon  runs  up  to,  say,  4  per  cent.,  and  hence  steel 
metallurgists  cannot  see  it.  Now,  however,  that  the  analyses  given  have 
corroborated  my  own  results  along  defective  malleable  practice,  the 
presence  of  oxygen  in  high-carbon  irons  will  be  more  readily  believed. 
My  own  analyses  and  invest^ations  make  me  believe  the  oxygen  to  be 
present  in  FeiO*  dissolved  or  in  some  way  present  in  the  bulk  of  the  metal. 
Mr.  Johnson  describes  flakes  of  iron  oxide  comii^  out  of  the  molten 
metal,  to  the  top,  and  that  explains  a  lot  to  the  foundryman  who  deals 
only  with  the  remelted  pig  iron. 

I  made  some  14,000  analyses  of  low-silicon,  high-carbon  cast  irons, 
pouring  the  samples  into  shot  over  a  pail  of  water,  picking  out  good  pieces, 
about  pea  size,  and  perfectly  bright  and  clean.  When  crushed  and  dis- 
solved in  the  mixed  acids  for  the  silicon  determination,  no  graphite  being 
present,  I  noticed  many  years  ago  that  whenever  we  had  a  bad  run  of 
metal — even  with  the  proper  chemical  composition — there  would  appear 
on  the  bottom  of  the  evaporating  dish  small  black  particles  of  what  turned 
out  to  be  the  above-mentioned  oxide  of  iron.  Sometimes  these  periods 
of  poor  metal  ran  for  months,  and  the  study  of  the  problem  finally  devel- 
oped the  fact  that  a  radical  reform  in  the  melting  of  the  malleable  ndxtures 
was  required,  so  that  an  oxidation  of  the  metal  could  not  become  too 
serious.  Short  heats,  careful  piling  of  the  charges  to  insure  this,  and 
arranging  the  bottom  to  prevent  feather-edged  baths,  accomplished  the 
result,  gave  far  stronger  and  more  perfect  castings  than  were  ever  ob- 
tained before;  and  hence  oxygen  was  kept  out  by  every  means  possible. 
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Mr.  JohoBon,  however,  is  perfectly  right  in  Btatii^  that  oxygen  gives 
a  harder  iron.  The  chill  becomes  deeper.  It  makes  the  metal  set 
quicker,  and  hence  from  the  standpoint  of  hard  castings  the  presence  (rf 
high  percentages — comparatively  speaking — of  oxygen  in  the  iron  is  de- 
sirable. Unfortunately,  however,  the  presence  of  oxygen  allows  the 
opportunity  for  a  reaction  with  carbon,  forming  gas,  which  means  pinholes 
and  gas  pockets  in  the  castings.  These  will  be  found  just  under  the  cope, 
or  upper  part  of  the  castings,  and,  when  in  castings  that  can  be  machined, 
present  a  sorry  spectacle  after  an  eighth  of  an  inch  of  the  skin  is  removed. 
The  raising  of  the  freezing  point  of  the  metal,  making  what  is  called  a 
"dead,"  or  lifeless,  iron,  means  that  wlken  poured  the  metal  in  the  gates 
sets  so  fast  that  before  the  casting  has  time  to  be  properly  fed  full  of 
metal  the  gates  are  frozen,  and  the  casting  is  full  of  shrinkage  spots. 
Occasionally  in  very  highly  oxidised  iron  the  metal  sets  so  fast  with  the 
slight  lowering  of  temperature  that  molds  are  short-poured,  and  ladles 
are  skulled  up  badly.  These  are  the  objections  to  what  looks  like  an 
advantage  at  first  glance. 

I  further  think  that  Mr.  Johnson's  tables  of  analyses  have  a  weakness 
in  the  carbon  determinations  that  leads  to  defective  conclu^ons.  The 
sample  for  combined  carbon  has  been  taken  by  drilling  into  the  center  of 
the  test  piece,  thus  getting  the  core  only.  The  right  way  would  have  been 
to  drill  from  the  skin  to  the  center  and  use  all  the  drillings  for  the  analy- 
sis. By  getting  the  core  only,  the  possibly  heavier  percentages  of  com- 
bined carbon  near  the  surface,  when  comparing  high  with  low  oxygen 
samples,  with  identical  core  results,  would  be  lost.  Hence  I  cannot  agree 
to  his  conclusions,  for  the  stronger  metal  shown  as  due  to  higher  oxygea 
content  might  just  as  readily  have  come  from  other  causes,  such  as  lower 
silicon  with  higher  combined  carbon  nearer  the  skin,  etc. 

I  would  take  exception  further  to  the  statement  that  the  cupola  proc- 
ess is  not  an  oxidizing  process,  or  a  meaning  to  that  effect.  In  the  cu- 
pola we  ondize  almost  as  much  silicon  and  manganese  as  in  the  air  furnace 
or  the  open-hearth  furnace.  Ordinarily  there  is  lost  in  the  cupola  0.25 
silicon,  and  in  the  other  furnaces  mentioned  0.30. 

Then  again,  what  about  the  deoxidizers,  such  as  titanium,  vanadium, 
aluminum?  They  strengthen  the  metal  by  removal  of  oxygen,  or  tite 
very  opposite  of  what  is  shown  by  some  of  the  analyses  given.  Hence,  as 
stated  before,  I  think  that  the  man  who  actually  uses  the  pig  iron  by  re- 
melting  it,  while  freeing  with  Mr.  Johnson  that  oxygen  hardens  the 
metal,  will  have  to  watch  his  work  very  carefully  when  using  high-oxygen 
pig  irons,  to  avoid  other  casting  troubles  which  would  make  the  work 
difficult  to  dispose  of  to  a  consumer. 

Hbnht  D.  Hibbard,  Plainfield,  N.  J. — Others  besides  foundrjTnen 
find  much  in  this  most  interesting  paper,  but  there  are  several  points 
which  may  need  further  attention.    The  change  in  the  method  of  oc- 
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currence  of  the  graphite  in  the  iron  due  to  the  oxide  of  iron  contained 
seeniB  to  amply  explain  the  increased  strength  obtained  by  the  addition 
of  the  oxide. 

Referring  to  p.  24,  it  would  be  well  to  know  more  about  the  iron  of 
faultless  analysis  from  which  good  steel  cannot  be  made,  as  such  iron  would 
be  a  novelty  to  the  writer  and  perhaps  to  some  others. 

Melting  cast  iron  in  a  crucible  may  be  done  with  a  wide  range  in  the 
final  temperature,  say  from  1,250°  to  1,550°  C,  and  therefore  one  should 
know  the  temperature  contemplated  in  the  statement  on  p.  26  relative 
to  remelting  normal  iron  with  the  spongy  No.  6  in  order  to  better  un- 
derstand wh&t  happens.  There  is  possibly  a  more  or  less  clearly  defined 
temperature  below  which  carbon  dissolved  in  iron  will  not  reduce  iron 
oxide,  and  if  the  temperature  of  the  crucible  melt  is  below  that  the  result 
may  be  quite  different  from  that  whrai  the  temperature  is  above.  This, 
if  so,  may  explain  the  possible  existence  of  carbon  and  iron  oxide  side  by 
side  in  iron.    What  temperature  does  the  author  have  in  mind? 

Regarding  the  question  of  the  combination  of  sulphur  and  oxygen, 
temperature  is  also,  importtmt.  At  steel-melting  temperature,  or  say 
1,550°  C,  the  affinity  of  sulphur  for  iron  is  greater  than  for  oxygen.  At 
lower  temperatures,  such  as  those  of  the  puddling  furnace  and  refinery, 
sulphur  is  oxidized  and  eliminated  to  an  important  degree  from  the  iron 
which  is  worked  therein. 

The  reference  on  p.  39  to  chilled  cast-iron  car  wheels  and  conclusion 
No.  7  on  p.  40  need  some  qualification.  Manganese,  in  pig  iron,  which 
has  been  reduced  in  the  blast-fumsce  with  the  iron,  seems  to  increase  the 
tendency  of  the  carbon  to  remain  in  solution  when  the  iron  freezes,  as 
the  author  states.  But  manganese  added,  after  it  has  left  the  melting 
furnace,  to  molten  iron  intended  for  car  wheek  has  the  effect  of  decreas- 
ing the  depth  of  chill  by  tending  to  throw  the  carbon  out  of  solution 
as  graphite.  This  has  not  so  far  been  expUuned,  I  believe,  but  is  true, 
and  ferro-manganese,  rather  finely  ground,  is  used  regularly  in  car-wheel 
foundries  to  cut  down  the  depths  of  chill  of  iron  whose  test  shows  too 
great  chilling  qualities. 

Hbnbt  M.  Howb,  New  York,  N.  Y. — I  do  not  think  we  will  keep  to 
our  belief  that  oxygen  is  Tnalum  in  te.  Mr.  Johnson  does  not  look  at  the 
oxygen  as  the  cause  of  the  matter — he  looks  at  the  oxygen  as  reducing 
the  sise  of  the  graphite  Bakes,  so  in  spite  of  the  harm  the  oxygen  itself 
does,  there  is  a  net  benefit  in  decreasing  the  size  of  the  graphite  fiakes  to 
a  great  extent. 

C.  H.  Strand,  Altoona,  Pa. — ^I  would  like  to  ask  Mr.  Johnson  what 
an  uneven  distribution  of  graphite,  as  shown  in  the  accompanying 
photomicrographs.  Figs.  1  and  2,  indicates  as  to  the  quality  of  the  cast 
iron.  These  two  photomicrographs  were  taken  on  spots  about  i  in. 
apart,  the  nests  of  graphite  occurring  periodically  throughout.    Other 
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Fio  1, — Uniporm  DrsTRiBunoN  or  Graphite.     X  100. 


TiQ.  2. — Shows  Nesting  of  Graphite.    X  100. 
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cast  irons  show  on  absolutely  uniform  distribution  of  graphite.  The 
opinion  has  been  offered  that  this  condition  indicates  a  too  low  casting 
temperature.  I  would  like  to  have  Mr.  Johnson's  views  on  the  matter, 
and  whether  he  considers  this  condition  to  indicate  a  poor-quality  iron. 
William  R.  Webster,  Philadelphia,  Pa. — I  will  ask  Mr.  Johnson 
if  he  will  make  clear  the  difference  between  the  so-called  semi-steels 
produced  from  using  slab  in  the  pile  of  wrought  iron  or  steel,  and  his 
ateel.  I  believe  that  one  is  a  low-carbon  proposition  and  the  other  is 
a.  high-carbon  proposition. 

John  H.  Hall,  New  York,  N.  Y. — On  reading  Mr,  Johnson's  most 
iuterestii^  paper,  it  at  first  appears  that  the  oxygen  content  of  the  iron 
is  wholly  or  chiefly  responsible  for  the  differences  in  strength  between  the 
good  and  the  bad  irons  of  similar  analyses.  More  careful  consideration, 
however,  leads  one  to  modify  that  verdict  very  considerably. 

For  convenience,  the  more  important  tests  given  are  summarized 
in  the  two  tables  herewith.  From  Table  I  we  see  that  the  differences  in 
strength  between  the  good  and  bad  irons  of  the  typical  six  given,  are  more 
or  less  in  proportion  to  the  differences  in  oxygen  content.  Table  II, 
however,  shows  us  that  differences  in  oxygen  content  between  original 
and  deoxidized  irons,  much  larger  than  the  differences  in  all  but  one 
case  in  Table  I,  not  only  do  not  cause  the  reductions  in  strength  that  we 
should  expect  if  oxygen  alone  causes  the  variations,  but  even  result  in 
coneiderable  strei^hening  of  the  iron  in  many  cases.  Deoxidation  with 
either  aluminum  or  titanium  appears  to  strengthen  the  No.  2  irons. 

The  only  iron  in  Table  II  that  shows  reduction  of  strength  after  re- 
melting  with  a  deoxidizer,  in  enough  cases  to  lead  us  to  believe  reduction 
of  strength  to  be  the  rule,  is  the  iron  labeled  "Medium  3."  Why 
should  this  iron  be  so  weakened  by  the  elimination  of  oxygen,  while  the 
others  are  strengthened? 

At  first  glance  one  is  lead  to  say  it  is  because  the  amount  of  oxygen 
removed  is  the  greatest  in  this  iron.  Yet  comparing  the  decreases  in 
strength  resulting  from  deoxidizing  this  strong  "Medium  3,"  with  the 
differences  between  a  weak  and  a  strong  "Medium  3"  (Table  I),  we  see 
that  the  reduction  is  insufficient  to  allow  us  to  believe  the  oxygen  is  the 
only  variable  responsible  for  the  weakness  of  the  low-oxygen  irons. 
The  weakening  of  this  iron  on  remelting  with  deoxidizers,  removing  some 
0.044  per  cent,  oxygen,  is  of  the  order  of  magnitude  of  the  difference 
betvveen  the  good  and  bad  "Soft  1 "  (Table  I),  with  an  oxygen  difference 
of  but  0.018  per  cent. 

Thus  the  removal  of  oxygen  by  aluminum  or  titanium  weakens  the 
strong  irons  only  in  the  case  of  the  "Medium  3,"  and  does  not  weaken 
this  iron  as  much  as  we  should  expect,  even  allowing  for  any  strengthen- 
ing effect  of  titanium.  We  must  look  further  for  the  complete  explana- 
tion of  the  facte  observed,  and  to  my  mind  we  find  it  in  the  total  carbon 
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content  of  the  ironB.  All  are  near  the  probable  location  of  the  eutectic 
point,  some  4.10  per  cent,  carbon  according  to  Wittorff,  and  inspection 
of  Table  I  ahowa  that  the  greatest  differences  in  strength  correspond  with 
the  greatest  variations  in  total  carbon.  This  is  especially  the  case  with 
the  "Medium  3"  iron.  The  weak  "Medium  3"  contains  4.49  per  cent, 
of  carbon,  and  hence  is  well  above  the  eutectic  ratio. 

Table  I, — Compariaon  of  Weak  and  Strong  Irons  <4  Similar  Analyaei 


m  Btnncth.  Good  m 


Sottl 

«.018 

0.06        1          4 

High  2 

0.018 

0.11        >          1 

Medium  3 

0.056 

0.39        j        1,3 

2,500 
2,050 
8,160 


Table  II, — Effect  <^  Remelting  Strong  Irons  with  Deoxidizere 

Eic««  Btnncth,  Poondi 
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Low  2 
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Medium  3 
Medium  3 
Medium  3 
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-4,500 
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-3,700 

0.03 

+600 

+460 

+3,900 

0.02 

+250 

-  60 

+1,050 

? 

-350 

-650 

+1,600 

0.044 

+160 

-150 

-1,250 

t 

-  50 

-360 

-3,000 

Of  the  irons  remelted  with  deoxidizers,  "Medium  3"  conttuns  the 
most  total  carbon,  4.10  per  cent.,  and  is  weakened  the  most  by  deoxidfr- 
tion.  The  irons  strengthened  by  deoxidation  contain  carbon  below  the 
eutectic  ratio.  The  conclusion  is  almost  forced  upon  us  that  the  effect 
of  oxygen  is  marked  only  when  the  iron  is  near  the  eutectic  ratio.  A 
shifting  of  this  ratio  by  increased  oxygen  content  may  throw  a  normally 
hyper-eutectic  iron  into  the  hypo-eutectic  class.  In  this  connection  the 
fact  that  the  weak  irons  of  the  typical  six  contain  in  every  case  more 
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total  carbon  than  the  strong  irona,  is  suggestive.  Whether  this  shifting 
of  the  iron  to  the  hypo-eutectic  class  is  capable  of  producing  the  fine 
graphite  formation  shown,  I  am  not  prepared  to  state.  I  should  sup- 
pose, however,  that  it  would  be. 

The  improvement  in  the  strength  of  weak  irons  produced  by  remeltlng 
them  with  an  admixture  of  "spongy  No.  6"  may  also  be  explained  in  this 
manner.  Mr.  Johnson,  judging  by  his  remarks  in  paragraph  3,  p.  14, 
seems  to  have  seen  that  the  influence  of  oxygen  and  that  of  high  total 
carbon  are  jointly  responsible  for  the  facts  he  observed,  but  to  have  laid 
the  heaviest  emphasis  on  the  influence  of  the  oxygen. 

It  would  be  of  great  interest  if  Mr.  Johnson  would  give  us  more  data, 
as,  for  instance,  the  microstnictures  and  more  complete  analyses  of  the 
irons  remelted  with  deoxidizers,  complete  analyses,  tests,  and  micro- 
structures  to  show  the  effect  of  remeltii^  "weak  spotted  irons"  with 
"  spongy  No.  6,"  complete  analyses,  teste,  and  microstnictures  to  show  the 
status  of  the  cold-blast  charcoal  irons  referred  to,  analyses  and  tests  of  the 
electric-furnace  irons,  etc.  The  subject  matter  of  the  paper  is  so  impor- 
tant and  the  opportunity  for  contributing  greatly  to  exiatit^  knowledge  so 
clear,  that  more  ample  data  will  inevitably  be  of  the  utmost  value.  As 
the  paper  now  stands  one  is  constantly  headed  off  in  following  a  line  of 
reasoning  by  the  dilemma  which  confronted  Hosea  Bigelow's  campaign 
orator:  "Tries  pump  again — no  facsl" 

Albbbt  Sauvedb,  Cambridge,  Mass. — Mr.  Johnson  has  again  placed 
those  interested  in  cast  iron  and  its  properties  under  very  great  obliga- 
tion by  his  well-planned  and  carefully  conducted  investigation  of  the 
puzzling  fact  that  some  irons — the  good  ones,  as  he  terms  them — always 
give  strong  castings,  even  after  repeated  remelting,  while  others,  of 
apparently  the  same  chemical  composition — the  poor  irons — always  yield 
weak  castings.  Mr.  Johnson  claims  that  the  presence  of  a  lai^er  pro- 
portion of  oxygen  in  the  good  irons  is  responsible  for  this  great  strength 
and  he  contends  that  tils  experiments  prove  bis  claims  beyond  any  pos- 
sible doubt.  While  at  first  sight  it  may  appear  that  he  has  demonstrated 
his  contention,  upon  closer  scrutiny  and  thoughtful  reflection  doubt 
arises  as  to  his  having  discovered  the  real  cause  of  the  phenomenon  under 
investigation.  The  author  shows  a  diflference  of  a  few  hundredths  of  I 
per  cent,  of  oxygen  between  the  weakest  and  the  strongest  irons,  other- 
wise of  similar  composition,  so  far  as  analysis  of  cast  iron  generally  goes, 
and  we  are  aslced  to  believe  that  so  very  slight  a  difference  in  oxygen  con- 
tent accounts  satisfactorily  for  the  much  greater  strength  of  the  good 
irons.  He  contends,  for  instance,  that  increasing  the  percentage  of 
oxygen  from  some  0.02  to  0.1  per  cent,  is  responsible  for  an  increase  in 
transverse  strength  from  3,000  to  5,000  lb.  Turning  to  the  photomicro- 
graphs illustrating  the  structure  of  the  various  irons,  we  see  clearly  why 
the  good  irons  are  stronger;  it  is  evidently  because  their  graphite  occurs  in 
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small,  and  often  rousded,  particles,  instead  of  occurring,  as  it  does  in  the 
bad  iroDB,  in  the  form  of  long,  curved  and  sharp  plates  of  sheets.  It  is 
for  a  similar  reason  that  malleable  caet  iron  is  always  stronger  than  gray 
iron  of  lllce  chemical  composition.  We  are  naturally  reluctant  to  be- 
lieve, however,  that  so  marked  a  difference  in  the  mechanical  behavior 
of  graphite  is  caused  by  a  difference  of  a  few  hundredths  of  1  per  cent, 
of  oxygen  between  the  two  classes  of  cast  iron.  To  accept  this  ex[daDa- 
tion,  we  certainty  must  have  more  conclusive  evidences  than  those  offered 
by  the  author. 

Granting  that  Mr.  Johnson  has  satisfactorily  shown  that  good  irons 
contain  more  oxygen  than  poor  irons,  and  that  the  furnace  conditions 
necessary  to  produce  strong  irons  are  generally,  also,  those  which  lead  to 
leas  perfect  deoxidation,  the  inference  that  the  greater  strength  of  the 
good  irons  is  actually  due  to  the  presence  of  a  slightly  greater  percentage 
of  oxygen  is  very  far  from  conclusively  demonstrated.  Were  it  so,  it 
should  be  a  comparatively  easy  matter  to  increase  the  strength  of  poor 
irons  by  oxidizing  them,  and  to  decrease  the  strength  of  the  good  irons  by 
deoxidizing  them,  and  it  is  a  significant  fact  that  the  author's  attempts  in 
both  of  these  directions  have  failed. 

The  results  published  in  Tables  I  and  II  are  not  convincing,  or  even 
always  consistent.  The  average  strength  of  the  C  High  2  iron,  for  in- 
stance, containing  0.038  per  cent,  oxygen,  is  3,800  lb.,  whereas  the  av«- 
age  strength  of  the  E  Med.  3  iron,  with  0.085  per  cent,  oxygen,  is  but 
slightly  greater,  namely,  3,950  lb.  In  Table  II,  the  irons  tow  in  .oxygen 
appear  to  be  as  strong  as,  if  not  stronger  than,  those  containing  more 
oxygen. 

Summing  up,  the  utmost  that  may  be  granted  is  that  the  author 
has  shown  satisfactorily  that  good  irons  generally  contain  more  oxygen 
than  poor  irons.  He  has  not  demonstrated  that  poor  Irons  can  be  made 
stronger  through  the  introduction  of  oxygen,  or  that  good  irons  are  made 
weaker  through  the  removal  of  some  of  their  oxygen.  The  fact  that  nor- 
mal iron  (containing  little  oxygen)  is  made  stronger  by  melting  it  with 
"spongy  No.  6"  (containing  more  oxygen)  does  not  prove  that  oxygen  is 
actually  the  cause  of  the  increased  strength.  It  merely  points  to  some 
qualities,  inherent  to  the  spongy  No.  6  and  making  for  strength,  being 
imparted  to  the  resulting  mixture. 

Bradley  Stoughton,  New  York,  N.  Y. — I  really  think  that  Mr. 
Johnson's  analyses  show  definitely  more  oxygen  in  some  cases  than  in 
others,  and  this  offers  much  more  evidence  than  the  absence  or  deficiency 
of  oxygen  by  inference.  Of  course,  I  do  not  know  but  that  Dr.  Moldenke 
has  made  these  analyses,  too,  but  I  was  simply  taking  what  he  said  to  be 
limited  by  as  much  as  he  said. 

In  regard  to  Mr.  Hibbard's  remark  about  faultless  iron,  as  far  as  the 
analysis  is  concerned,  not  making  good  steel,  I  have  had  that  e 
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a  number  of  times.  There  is  a  sort  of  iron  which  comes  from  the  blast- 
furnace out  of  which  you  cannot  make  good  steel.  It  has  been  my  mis- 
fortune to  note  that  many  times.  We  have  never  been  able  to  find  out, 
in  the  ana^sea,  anything  that  is  wrong  with  that  steel,  but  1  have  seen  the 
percentage  of  second-class  rails  go  up  from  3  to  22,  and  it  was  an  unhappy 
time  for  me,  because  I  was  supposed  to  be  responsible  in  any  event. 

It  finally  got  so  bad  in  a  lai^e  works  with  which  I  was  connected  that 
a  practical  man  there  could  tell  this  iron  as  it  ran  from  the  furnace — it 
had  a  peculiar  appearance — and  in  order  to  prove  that  it  was  the  iron 
which  was  not  eatiafactory  he  would  take  a  ladle  of  iron  every  once  in 
a  while  and  send  it  directly  to  the  converter  to  convert  it  into  steel, 
without  Hb  passing  through  the  mixer,  the  analysis,  of  course,  being 
corpect,  so  that  we  were  able  to  do  that.  In  every  case  we  had  very 
bad  results  with  the  steel.  Furthermore,  I  had  to  convince  the  men 
having  charge  of  this  steel  that  if  a  certain  number  of  ladles  of  this  kind 
of  iron  went  into  the  mixture  we  would  have  unsatisfactory  results,  and 
in  each  case  we  would  find  the  percentage  of  second-quality  rails  went  up. 

The  analyds  of  that  iron  was  all  r^ht,  but  it  had  a  peculiar  appearance 
to  it,  which  none  of  us  could  tell  except  the  one  man  to  whom  I  have  re- 
ferred, and  finally  we  used  to  keep  him  at  the  blast-furnace  a  greater  part 
of  his  time  trying  to  spot  that  iron  and  prevent  it  from  going  into  the 
mixer  and  being  made  into  steel,  much  to  the  disgust  of  the  blast-furnace 
man,  who  was  positive,  of  course,  that  it  was  the  fault  of  the  steel  mill. 

It  seems  to  be  admitted  by  all  of  us,  from  what  I  have  heard  said, 
and  it  seems  very  evident  to  me,  that  these  irons  high  in  oxygen,  but 
otherwise  practically  the  same,  will  have  a  better  structure  than  the 
irons  which  do  not  have  oxygen  in  them.  It  seems  to  me,  even  if  the 
oxygen  in  itself  is  harmful,  provided  the  net  result  is  good,  there  should 
be  no  objection  to  the  oxygen.  Certainly  we  agree  that  the  iron  with 
graphite  in  large  fiakes  is  likely  to  be,  as  Mr.  Johnson  certainly  indicates, 
very  strong,  and  is  stronger  than  the  iron  in  which  the  graphite  flakes 
break  up  easily. 

The  fact  that  the  amount  of  oxygen  is  very  small  does  not  seem  to 
me  to  be  material  at  all.  We  do  not  know  what  form  the  oxygen  is  in. 
One-thousandth  of  1  [>er  cent,  of  oxygen  may  mean  quite  a  good  deal  of 
iron  oxides  or  some  other  oxides,  and  we  have  always  had  that  augmented 
with  a  small  amount  of  phosphorus.  If  you  remember,  the  small  amount 
of  moisture  in  the  blast-furnace  was  judged  to  be  ridiculously  small  to 
produce  any  beneficial  effect  on  the  work  of  the  furnace.  Consequently 
our  German  friend  patented  the  idea  and  decided  that  the  Americans 
did  not  know  what  they  were  talking  about  in  blast-furnace  practice  until 
they  were  obliged  to  admit  that  their  theory  was  defective  in  some  way. 

It  has  occurred  to  me,  and  I  find  in  conversation  with  others  it  has 
occurred  to  several  persons,  that  posrably  the  oxygen  may  have  an 
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influeoce  in  throwing  the  eutectic  point  to  tbe  right  in  the  diagram,  and 
several  have  mentioned  that  particular  thing  to  me.  I  do  not  see  any 
evidence  to  confirm  that  view,  of  courae,  except  by  inference,  and  if  ibis 
occurred  it  would  have  an  effect,  perhaps,  on  the  oxygen,  and  might  have 
a  marked  effect  on  the  quality  of  the  iron. 

William  Campbell,  New  York,  N.Y. — From  looking  over  Mr. 
Johnson's  figures  and  photographs  we  must  be  led  to  the  conclusion  that 
the  difference  in  strength  depends  mainly  on  the  forma  of  graphite.  In 
examining  quite  a  number  of  samples  of  cast  iron,  we  find  that  there  is 
certainly  a  difference  in  the  way  in  which  the  graphite  comes  out.  Some 
of  it  comes  out  directly  from  the  liquid,  whereas  other  forms  of  it  appear 
after  the  metal  is  solidified.  Looking  over  the  different  iron-carbon 
diagrams,  of  which  there  are  many,  we  can  get  some  evidence  of  this;  if 
the  later  determinations  of  Wittorff  and  similar  workers  are  right  we  have 
the  formation  of  cementite  just  above  the  freezing  point,  which  after- 
ward breaks  down  into  the  graphite.  The  natural  conclusion  is  that 
the  graphite  which  forms  from  decomposition  of  cementite  will  be  finer 
than  that  which  comes  out  of  the  melt.  It  may  be  that  the  small  amount 
of  oxygen  present  in  the  iron  may  be  the  factor  which  swings  over  from 
the  stable  diagram  on  the  one  hand  to  the  metastable  on  the  other,  and 
in  one  case  we  get  mainly  the  primary  graphite  and  in  the  other  case  we 
get  the  secondary  graphite. 

Ralph  H.  Sweetber,  Easton,  Pa. — Possibly  some  experience  I  had 
in  Canada  may  throw  some  light  on  this  "  good  iron  that  makes  bad  steel." 
I  happened  to  be  at  the  blast-furnace  end,  and  my  position  was  not  any 
more  cheerful  than  that  of  Mr.  Stoughton.  At  the  Lake  Superior  Cor- 
poration we  made  iron  for  the  Bessemer  department,  and  it  was  made 
wholly  with  Pocahontas  coke.  There  were  times  when  we  had  the  very 
best  of  iron,  it  would  be  what  we  would  call  in  the  foundry  No.  2,  or 
2X  iron,  but  the  graphite  was  very  high,  and  the  kish  that  would  come 
off  from  the  iron  would  collect  everywhere,  yet  they  claimed  at  the  steel 
plant  that  the  iron  did  not  make  good  steel.  The  analyus  showed  just 
exactly  what  they  asked  for  in  silicon,  sulphur,  and  manganese,  but  they 
had  trouble  in  the  mill,  and  they  blamed  it,  of  course,  on  theblast-fumace. 
We  found  large  flakes  of  this  kish,  that  were  almost  transparent,  and  when 
they  were  analyzed  we  found  that  they  were  a  combination  of  sUicon  and 
carbon.  I  think  there  was  just  exactly  one  atom  of  Edlicon  and  one  atom 
of  carbon  in  some  of  the  flakes  we  separated. 

Possibly  the  making  of  iron  with  a  very  soft  coke  makes  what  we  call 
a  "rich  iron." — the  steel  men  said  "Your  iron  is  too  rich,"  The  air 
would  be  full  of  kish,  and  when  that  iron  was  cooled  down  in  the  ladles 
the  top  of  the  ladle  would  be  covered  with  a  thick  layer  of  kish. 

Henry  D.  Hibbard. — I  am  not  satisfied  to  let  the  matter  rest  so. 
Mr.  Stoughton's  experience  with  those  irons  was  when  he  was  much 
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younger  than  he  is  now.  It  is  noticeable  that  his  trouble  with  the 
apparently  good  iron  of  which  good  steel  could  not  be  made  was  in  con* 
nection  with  the  Bessemer  process,  which  of  course  does  not  have  as  wide 
a  scope  in  the  materials  used  nor  admit  of  variations  in  anything  like  the 
d^ree  that  the  open-hearth  process  does. 

Another  thing  is  that  in  plants  where  only  one  product,  like  rail  steel, 
is  made  they  do  not  have  much  variety  of  methods  or  experience  with 
other  steels.  Then  when  the  regular  practice  with  the  regular  stock 
does  not  yield  the  required  result  they  are  more  or  leas  at  sea  and  may 
blame  the  stock  when  some  change  in  manipulation  might  have  made 
all  right.  Therefore,  while  I  do  not  consider  that  Mr,  Stoughton's 
experience  proves  the  author's  statement,  I  think  it  would  be  well  if  he 
would  give  us  some  analyses  of  those  irons  and  say  what  he  was  making 
of  them. 

F.  L.  Gbahmbb,  Leesbui^,  Va. — I  think  Mr.  Johnson  has  correctly 
attributed  to  temperature  the  position  of  chief  factor  in  detenninii^ 
whether  the  hearth  has  the  maximum  reducing  tendency  and  I  also  am 
inclined  to  believe  that  the  chief  source  of  oxygen  is  to  be  found  in  the 
descending  ore.  Nevertheless,  there  are  other  influences  than  temjwra- 
ture  and  there  are  other  possible  sources  of  oxygen  than  the  ore.  Perhaps 
the  following  may  be  of  interest,  even  though  the  writer  believes  the  first 
two  influences  are  paramount. 

Under  Carbon  Absorption,  p.  29, 1  would  like  to  add  two  more  known 
facts: 

3.  The  larger  the  amount  of  surface  offered  by  a  unit  weight  of  carbon 
the  shorter  the  time  required  for  its  solution  in  a  given  weight  of  molten 
iron.     This  is  a  relation  governing  all  solution  if  interstices  are  not  too 
minute  for  liquid  to  enter. 
-    4.  Solution  as  it  approaches  saturation  proceeds  more  slowly. 

While  in  discusdon  of  oxygen  contents  we  are  not  so  much  concerned 
with  the  first  two  postulates  of  Mr.  Johnson  as  with  the  last  two,  these 
added  factors  if  considered  will  be  seen  to  be  the  product  of  conditions 
assisting  deoxidation. 

Let  us  assume  arbitrarily  for  conciseness  that  the  metal  as  it  drops 
into  the  bath  of  iron  through  the  slag  contains  2  per  cent,  carbon  in  solu- 
tion and  that  it  issues  from  the  furnace  with  4  per  cent,  carbon  content. 
The  2  per  cent,  increase  would  be  obtained  by  the  bath  dissolving  carbon 
from  incandescent  fuel  which  penetrates  below  the  floating  molten  slag 
into  the  molten  iron.  At  casting  times  the  solid  fuel  goes  to  the  hearth 
bottom.  That  it  does  this  after  the  first  flush  of  cinder  (as  a  rule)  I  am 
uncertain. 

We  are  told  that  recently  some  of  the  large  steel  companies  are  giving 
their  blast-furnaces  crushed  coke,  rather  than  as  it  formerly  came  from 
beehive  ovena.    The  motive  probably  is  better  distribution  and  regular 
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working.  Such  coke,  offering  more  surface  per  unit  of  we^ht,  should 
produce  a  metal  with  lower  oxygen  content,  other  conditions  beii^  con- 
stant, than  one  with  larger  lumps.  The  intermixture  in  the  bath  is  more 
complete. 

The  Scandinavian  mystic  and  metallurgist  8wedenboi%,  I  am  told, 
first  announced  that  spheres  of  equi-diameter  tetrahedrally  piled  exhibited 
aratioof  voidsof  2dpercent.  anda^regated71  percent.  So  the  amount 
of  space  in  the  hearth  occupied  by  the  fuel  (if  of  equal  spherical  size)  is 
practically  independent  of  the  size  of  the  lumps.  The  amount  of  surface 
offered  for  attack  by  the  molten  material  (occupying  the  voids)  increases 
as  the  diameter  decreases. 

The  incandescent  fuel  may  not  penetrate  the  slag  and  iron  bath  be- 
cause of  the  pressure  of  the  superincumbent  stack  contents;  usually  we 
believe  this  pressure  on  both  is  due  chiefly  to  the  weight  of  a  domfl-c^>ped 
cylinder  of  incandescent  fuel  extending  from  a  hemisphere,  at  the  flare 
of  the  bosh  near  the  tuyeres,  downward.  The  weight  of  material  in  the 
stack  is  borne  by  the  bosh  (on  which  stack  momentarily  arches)  and  by 
friction  and  ascending  gases. 

This  dome-capped  cylinder  of  fqel  is  taller  after  casting  than  before 
casting. 

Taking  the  bath  of  iron  and  slag  at  cinder-notch  level  on  the  first  flush, 
it  might  be  fair  as  furnaces  are  built  to  say  that  the  maximum  fuel  h^ghts 
of  dome-cylinder  would  be  in  coke  furnaces  using  Lake  ores  about  9  to 
13  ft.  and  in  charcoal  furnaces  about  6  to  10  ft.  Disregarding  penetration 
below  the  moltep  surface,  we  may  say  for  anthracite,  10  ft. 

We  will  call  the  specific  gravity  of  anthracite  1.6;  coke,  1.0;  and  cbai^ 
coal,  0.4, 

Then  this  dome-cylinder  will  give  a  fuel  pressure  on  top  of  the  molten 
surface  as  follows: 

Anthracite 10  X  1.6  =  16 

Coke (9  to  13)  X  1.0  =   9  to  13 

Charcoal 6  to  10  X  0.4  =    2.4  to  4 

If  this  is  the  pressure  which  controls  penetration  into  metal,  it  will 
be  seen  that  charcoal  has  nothing  tike  so  long  a  contact  nor  so  deep  a 
penetration  into  the  metal  bath  as  coke  has,  not  to  mention  anthracite. 
Charcoal  just  before  casting  or  before  the  first  flush  may  hardly  penetrate 
the  slag.     Oxygen  in  the  bath  thus  is  less  Ukely  to  be  removed. 

One  may  protest  that  we  are  not  dealing  with  spheres  nor  even  with 
sized  particles,  and  that  our  2  per  cent,  carbon  is  arbitrary.  Many  will 
question  this  method  of  stock  settling.  They  will  say  it  is  due  to  the 
underpinning  by  solution  and  combustion  of  a  fuel  column  resting  oo  the 
hearth  bottom  and  not  by  constant  renewal  of  a  fuel  arch  springii^from 
the  bosh  batter  commencing  above  the  tuyferes. 
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Our  picture  is  probably  more  cloaely  followed  by  narrow  crucibles 
using  charcoal  than  by  coke  crucibles  of  greater  width  and  weaker  dome. 
The  truth  is  somewhere  between.  We  have  all  seen  coke  at  the  bottom 
iron  notch:  it  should  always  be  in  front  of  the  tuy^rea.  But  we  have 
heard  of  metal  being  puily  Bessemerized  in  the  blast-furnace  crucible 
owing  to  fuel  descent  being  delayed.  It  is  certain  that  a  very  large 
percentage  of  the  weight  is  borne  by  the  bosh  and  the  stock. 

We  think  most  would  concede  that  charcoal  would  dissolve  in  iron 
more  rapidly  than  coke  or  anthracite,  not  to  mention  graphite.  It  is 
true  that  in  recsrburizing  ateel  the  solution  of  added  coke  is  very  rapid, 
but  at  blast-fumace  temperatures  the  surface  of  fuel  exposed  and  the 
time  of  contact  rather  than  the  nature  of  occurrence  govern  contents. 
The  final  carbon  increments  are  slow  of  growth:7-certainly  if  these  oxide 
products  are  with  such  difficulty  removed;  time  and  full  surface  exposure 
where  greatest  in  crucible  ahould  be  associated  with  lowest  oxygen. 

This  picture  is  timidly  sketched  in  the  hope  that  some  may  see  more 
than  a  cubist  scrtunble.  exhibiting  additional  possible  explanations  be- 
sides these  offered  by  Mr.  Johnson. 

COi  reacts  on  C  at  certain  temperatures  depending  on  preponderance 
of  fuel  and  its  nature  and  velocity  of  passage  of  gases.  We  would  expect 
this  temperature  to  be  lower  with  a  soft,  cellular  fuel  like  charcoal,  which 
occludes,  than  with  a  dense,  hard  fuel  (resembling  incombustible  graphite) 
like  anthracite.  The  zones  of  combustion  per  unit  of  blast  will  be  larger 
in  the  case  of  hard  and  dense  fuels  than  with  porous  fuels.  This  seems  to 
be  an  additional  reason  other  than  slag  composition  why  coke  and  anthra- 
cite furnaces  need  high  temperatures  of  blast  compared  to  charcoal 
practice. 

Magnetites  enter  the  hottest  zone  with  more  oxygen  than  other  iron 
ores  save  a  few  specular  ores  and  so  it  seems  reasonable  to  expect  more 
oxygen  in  metal  bath  from  such  mixtures. 

Owing  to  low  ash  in  charcoal,  in  such  a  furnace  the  slag  is  practically 
all  complete  as  it  drips  into  the  crucible.  In  a  coke  furnace,  a  large  per- 
centage of  the  slag  comes  from  ash  which  is  released  as  combustion  in 
the  hearth  proceeds.  It  unites  with  the  excessively  basic  product  de- 
scending from  the  bosh. 

A  coke  furnace  requires  reserve  heat  to  fuse  a  belated  slag  completion, 
and  to  take  care  of  a  slag  whose  volume  is  excessive  or  basicity  and 
temperature  are  high,  in  order  to  prevent  sulphur  entering  the  metal. 

A  unit  weight  of  oxygen  in  entering  a  hot-blast  furnace  occupies  thrice 
the  volume  of  a  similar  weight  furnished  the  charcoal  furnace.  Besides 
tiie  increased  velocity  of  ga^es  incident  to  excess  heat  in  coke  furnaces, 
the  velocity  is  also  larger  because  of  the  larger  weights  of  air  (rapid 
driving)  employed. 

The  cold-blast  charcoal  furnaces  offer  converse  conditiona  to  those 
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cited  as  obtwning  in  coke  practice.  Whether  the  oiQ'gen  in  metal  has  it£ 
oiigin  in  descending  charge  or  entering  blast,  the  two  furnace  operations 
are  so  diverse  as  to  lead  one  to  expect  differing  products. 

Thinking  of  occlusioa,  one  would  have  expected  the  higher-pressure 
coke  furnaces  to  show  higher  gas  contents  in  metal. 

Throttling  the  downtake  increases  the  gas  tension  in  the  furnace 
very  markedly,  preserving  at  the  same  time  quantities  and  veloeitjesof 
blast.  It  might  be  interestii^  to  note  whether  metal  made  under  such 
conditions  exhibits  change  as  regards  gaseous  contents.  One  should 
expect  by  this  throttling,  if  fine  ores  are  used,  somewhat  increased  hang- 
ing.    Probably  carbon  deposition  is  accentuated  under  tension. 

Antimony,  unlike  phosphorus,  with  which  it  is  often  grouped  chemi- 
cally, seems  to  increase  total  carbon  contents  in  pig. 

I  analyzed  some  kish  scooped  up  from  the  ground  in  1894  at  the  Edgar 
Thomson  Furnaces  and  found  it  contained  a  large  per  cent,  of  silicon,  as 
Mr.  Sweetser  cites. 

We  had  a  case  of  '*  dead  iron  "  at  Duquesne  in  1897  in  which  a  lowering 
of  the  tfimperature  of  the  blast  accompanied  by  the  reduction  of  the  bur- 
den was  followed  several  hours  later  by  a  reduction  in  the  per  cent,  of 
seconds  of  the  ruls. 

There  is  quite  a  widespread  belief  that  iron  made  from  magnetites  is 
better  than  that  made  jfrom  hematites,  and  we  rather  expect  those  who 
have  had  the  misfortuiie  to  use  these  irreducible  ores  to  investigate  the 
possibilities  of  the  superior  value  of  their  product  as  compared  with 
hematite  metal. 

In  addition  to  investigations  pursued  to  ascertain  the  influence  on 
oxygen  content  of  gas  throttling,  magnetites,  crushed  coke,  and  moisture 
elimination,  we  also  think  it  would  be  of  interest  to  ascertain  whether 
metal  made  from  furnaces  with  20  tuyeres  as  compared  to  furnaces  with 
10  tuyeres  has  a  different  oxygen  content. 

J,  E.  Johnson,  Jb. — Replying  in  part  to  Dr.  Moldenke's  criticism,  I 
would  call  particular  attentioa[to  an  analysis  on  p.  3  of  my  paper  in  which 
it  is  shown  that  the  variation  of  combined  and  graphitic  carbon  in  these 
irons  is  exactly  the  opposite  of  what  it  should  be  if  the  accepted  theory 
were  correct;  that  the  strength  increases  primarily  with  the  quantity  of 
combined  carbon  and  decreases  with  the  quantity  of  graphite.  This  lat- 
ter is  a  perfectly  logical  and  obvious  conclusion  if  we  (Usregard  variations 
in  the  size  and  shape  of  the  graphite  particles.  I  have  therefore  taken 
some  pains  to  analyze  these  results  so  as  to  show  that  the  strength  varied 
in  these  six  irons  in  the  opposite  direction  from  what  these  considerations 
would  indicate,  and  this  seems  to  me  to  disprove  absolutely  any  con- 
tention based  on  the  idea  that  the  variations  in  the  combined  carbon  are 
responsible  for  these  results.  This  absolute  contradiction  of  this  obvious 
and  natural  conclusion  indicates  that  there  must  be  some  cause  for  the 
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results  totally  independent  of  this  consideration.  This  cause,  I  believe, 
will  be  found  by  any  one  who  examines  the  photomicrographs  critically, 
in  the  size  and  shape  of  the  graphite  particles,  for  there  is  no  impor- 
tant cohesion  between  graphite  and  iron,  and  each  fiake  of  graphite  is 
thereforeneithermorenorlessthanacut  in  the  iron  of  area  equal  to  that  of 
the  graphite  plate.  To  carry  this  idea  to  its  ultimate  conclusion  we  need 
only  to  turn  to  the  salamanders  which  all  f umacemen  have  taken  from  the 
hearths  of  their  furnaces  and  which  contain  flakes  of  graphite  a  square 
inch  or  more  in  area  and  can  be  broken  apart  along  these  flakes  with  the 
filers.  What  a  flake  of  this  size  would  do  to  a  l^-in.  test  bar  is  obvious 
and  is  an  index  of  the  importance  of  the  size  of  the  graphite.  I  have  tried 
to  make  it  clear  in  the  paper  that  it  was  through  this  control  over  the  size 
of  the  graphite  particles  that  oxygen  exerted  its  principal  influence. 

In  regard  to  Dr.  Moldenke's  statement  that  he  had  made  many 
hundreds  of  oxygen  determinations,  I  understand  that  these  were  made 
by  a  wet  or  acid  method,  and  I  do  not  consider  these  methods  reliable 
for  the  determination  of  oxygen,  since  almost  every  action  of  solution 
is  an  oxidizing  one  in  one  form  or  another,  and  for  that  reason  oxygen 
may  be  introduced  into  the  very  substance  whose  oxygen  content  is 
sought  to  be  determined. 

The  determinations  on  which  my  paper  is  based  were  made  by  the 
Ledebur  hydrogen  method  as  modified  by  Custiman  and  by  ourselves  to 
suit  the  conditions  arising  from  the  presence  of  so  much  more  carbon 
than  is  present  in  steel.  So  great  an  amount  of  care  and  time  was  put 
upon  these  determinations,  such  satisfactory  blanks  could  be  run  with 
them  and  results  could  be  so  carefully  checked,  that  it  is  impossible  to 
escape  the  conclusion  that  the  oxygen  which  We  found  in  the  form  of 
water  came  from  the  iron  and  from  the  iron  alone. 

I  would  like  to  call  attention  here  to  the  fact  that  much  of  what  Dr. 
Moldenke  himself  has  written  on  this  subject  can  be  as  well  explained  on 
my  hypothesis  as  on  his,  for  he  has  repeatedly  spoken  of  getting  the  bath 
too  hot  and  burning  it.  What  really  happens,  in  my  ju(^ment,  is  that 
when  the  bath  becomes  too  hot  the  oxygen  reacts  with  the  carbon  and 
silicon  present,  so  pasrang  out  of  the  metal  and  lowering  its  quality  in  the 
way  which  Dr.  Moldenke  attributes  to  "burning." 

In  regard  to  the  allusion  in  the  paper  to  the  reducing  tendency  of  the 
cupola  as  compared  with  the  oxidizing  tendency  of  the  air  furnace,  these 
terms  are  relative  and  were  used  by  me  solely  in  a  relative  sense,  and  I 
think  it  will  be  admitted  by  Dr.  Moldenke  that  this  is  justifiable,  because 
the  oxidizing  influence  of  the  blast  in  the  cupola  is  partly  offset  by  the 
fuel  bed  below,  whereas  in  the  air  furnace  the  oxidizing  tendency  of  the 
flame  is  much  greater  and  is  not  offset  by  any  circumstances  whatever. 
Therefore,  I  tiiink  it  will  be  admitted  that  the  hkelihood  of  the  intro- 
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ductioa  of  oxygen  in  the  air  furnace  is  much  greater  than  it  is  in  tbe 
cupola — the  idea  which  I  intended  to  convey. 

In  reply  to  Mr.  Hiblmrd,  I  can  only  say  that  if  he  will  take  a  trip 
around  among  the  steel  works  and  obtain  the  confidence  of  the  metal- 
lurgist or  the  steel  mill  superintendent,  either  of  them  will  not  only  teU 
him  that  tbe  quality  of  the  steel  is  seriously  affected  by  an  unknown 
quality  of  the  iron  from  which  it  is  made  (not  shown  by  the  analym  of  the 
latter),  but  that  the  situation  so  produced  is  a  serious  one  against  which  . 
they  have  constantly  to  be  on  their  guard.  This,  as  far  as  I  can  find  out, 
has  passed  from  the  realm  of  dispute  into  the  realm  of  accepted  facta 
among  those  who  know. 

In  answer  to  W.  R.  Webster,  I  would  say  briefly  that  the  difference 
between  high-oxygen  cast  iron  and  semi-steel  is  briefly  that  the  high 
oxygen  content  reduces  the  graphite  particles  to  a  small  fraction  of  th«r 
area  in  ordinary  cast  iron,  while  semi-steel  lowers  the  graphite  present  as 
a  whole  by  diluting  the  relatively  high  carbon  cast  iron  with  relatively 
low  carbon  steel.  This  makes  a  less  quantity  of  graphite  to  exert  an 
injurious  influence  and  there  may  be  a  certain  oxidation  of  the  steel  scrap, 
and  consequent  introduction  of  oxygen  into  the  bath,  with  beneficial 
result,  but  this  does  not  compare  with  the  results  to  be  obtained  in  so 
iron  with  normal  or  slightly  subnormal  carbon  which  contains  a  sufficient 
quantity  of  oxygen  to  suppress  the  formation  of  flat  flakes  of  graphite. 
The  iron  produced  by  the  latter  method  is  stronger  and  capable  <A  more 
satisfactory  handling  twth  in  the  foundry  and  in  the  machine-shop. 

In  reply  to  C.  H.  Strand,  I  will  freely  confess  that  I  cannot  answer  bis 
question  positively.  In  a  general  way  I  should  be  inclined  to  connect 
the  formation  of  graphite  nests,  such  as  shown  by  his  photomicrographs, 
with  the  formation  of  windrows  of  graphite,  the  formation  and  cause  of 
which  were  pointed  out  in  my  paper,  The  Effect  of  High  Carbon  on  the 
Quality  of  Charcoal-Iron.^  I  should  expect  that  these  graphite  nests 
indicated  an  iron  rather  high  in  carbon  and  very  low  in  oxygen,  conse- 
quently, a  weak  iron,  but  not  being  famiUar  with  the  phenomenon  he 
points  out  in  the  shape  in  which  he  shows  it,  I  cannot  answer  poatively. 

In  answer  to  John  Howe  Hall,  I  admit  freely  that  the  data  submitted 
in  the  paper  are  insufficient  to  enable  us  to  attribute  a  ^ven  increase  in 
strength  to  a  given  increase  in  oxygen,  and  it  is  true  that  8<Hne  of  the 
results  on  deoxidation  were  contradictory.  At  the  same  time  tbe  impres- 
sion formed  as  a  consequence  of  the  more  careful  and  more  reliable  of 
these  results,  that  is,  the  ones  later  made,  was  that  they  did  result  in  a 
considerable  weakening  of  the  iron.  This  is  particularly  true  vith 
aluminiun,  whose  effect  we  understand  much  better  than  we  do  that  <^ 
titanium. 
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In  r^ard  to  Mr.  Hall's  attempt  to  eoQQeet  up  the  quantity  of  carbon 
with  the  strength  of  the  iron,  I  tried  to  make  it  clear  in  my  paper  that 
the  con(^tionB  which  led  to  high  carbonization  were  lai^ly  similar  to 
those  which  led  to  thorough  deoxidation,  and  referring  back  to  my  previ- 
ous paper  1  intended  to  make  clear  my  opinion  that  both  of  these  condi- 
tions contributed  to  weaken  some  irons.  At  the  same  time,  a  careful 
analysis  of  the  carbons  and  oxygens  shown  in  the  original  paper,  and  also 
in  the  additional  data  put  on  the  blackboard  at  the  meeting  and  given 
below,  will  show  that  there  is  no  unvarying  connection  between  total 
carbon  and  strength,  but  that  almost  as  much  evidence  can  be  obtained 
tar  one  ude  as  for  the  other.  This,  however,  is  very  far  from  being  the 
case  with  the  oxygen  content,  since  this  in  every  case  is  high  with  the 
strong  iron  and  low  with  the  weak  iron.  It  is  very  doubtful  if,  even  with 
the  additional  data  here  presented,  any  quantitative  relation  between 
oxygen  content  and  strength,  in  the  presence  of  so  many  other  variables, 
can  be  established,  but  the  qualitative  efTect  is  so  clearly  shown  as  to  be 
obvious  to  all  save  those  who  do  not  desire  to  see. 
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In  reply  to  the  remarks  of  Mr.  Stoughton,  I  have  only  to  express  my 
thanks  for  the  confirmation  of  my  statements  and  views  which  he  so 
clearly  and  comprehenmvely  furnished. 

In  regard  to  Professor  Campbell's  remarks,  it  is  most  unfortunate  that 
lack  of  time  prevented  his  explaining  in  detail  certain  possibilities  based 
on  the  latest  developments  of  the  iron-carbon  digram  which  he  was  good 
enough  to  explain  to  me  privately.  Throi^h  his  kindness  I  am  able  to 
IM-esent  here  three  possibilities  based  on  the  work  of  Guertler,  who  founds 
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bis  conclusioQB  upon  the  experiments  of  Wittorff  and  Ruff,  and  one  based 
on  Upton's  ir(m-carbon  digram.    According  to  Guertler  we  have: 

I.  In  the  stable  condition  above  1,360°  C.  we  can  have  liquid  + 
graphite. 

At  1,360°  C  the  reacition  occurs, 

Liquid  +  graphite  =  Fe^C 
and  in  alloys  with  4.4  per  cent,  carbon  down  to  3.8  per  ceni.  ve  find 
FetC  crystallizing  out  from  the  melt. 

At  1,180°  C.  we  have  the  eutectic  of  austenite  +  FeiC. 

At  1,110°  C.  Fe^C  breaks  up  into  austenite  +  graphite. 

At  760°  C.  the  eutectoid  of  ferrite  and  graphite  forms. 

These  are  equihbrium  conditions  which  are  reached  only  with  ex- 
tremely alow  cooling. 

II.  With  more  rapid  cooling  the  reaction  at  1,360°  does  not  occur. 
Graphite  separatee  from  the  melt  and  at  1,155°  we  get  the  eutectic 

of  austenite  +  graphite. 

III.  With  more  rapid  cooling  FcjC  separates  out  from  the  melt  and  at 
1,135°  C.  and  4.3  per  cent,  carbon  forms  a  eutectic  with  austenite;  then 
at  710°  C.  we  have  the  eutectoid  FcjC  +  ferrite,  commonly  known  as 
pearlite. 

According  to  Upton's  diagram  wliite  irons  are  supersaturated  soUd 
solutions  which  are  breakii^  down;  and  the  stable  constituents  are 
austenite  +  graphite  above  1,095°  C;  austenite  +  Fe«C  or  Fe«C  + 
graphite  below  1,095°;  and  at  800°  FejC  appears,  while  Fe«C  disappears. 
Fe«C  and  Fe^C  have  yet  to  be  distinguished  under  the  microscope. 

From  the  point  of  view  of  practical  value  two  pos^bilities  according 
to  these  diagrams  stand  forth  prominently: 

1.  Graphite  can  separate  directly  from  the  melt. 

This  is  contrary  to  the  claims  of  Professor  Howe  and  Professor 
Sauveur,  but  is  abundantly  supported  by  the  facts,  while  their  contention 
that  this  action  can  only  take  place  through  the  prior  formation  of  cement' 
ite  is  completely  negatived  by  facta  of  practice  which  are  matters  of 
common  knowledge  to  furnacemen. 

2.  After  solidification  various  possibilities  are  presented  according 
to  both  of  these  investigators.  These  possdbilities  indicate  that  in  cer- 
tain areas  of  the  diagram  a  very  slight  change  in  conditions  may  cause  a 
complete  change  in  the  resulting  product.  Professor  Campbell's  valuable 
suggestion  is,  aa  I  understand  it,  that  a  small  quantity  of  oxygen  may  be 
the  determining  factor  in  controlling  which  one  of  these  conditions  arises, 
and  as  a  matter  of  great  practical  and  industrial  importance  I  know  it  to 
be  true  as  the  result  of  abundant  investigation  that  not  only  the  shape  of 
the  graphite  is  greatly  influenced  by  a  change  in  the  oxygen  content  of 
the  iron,  but  that  the  structure  of  the  iron  itself  appears  to  be  fundamen- 
tally altered  by  the  presence  qt  absence  of  this  element.    When  it  ia 
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absent  certain  irons  tend  to  form  the  iron-carbon  eutectic,  whose  effect 
is  absolutely  detrimental  from  every  point  of  view,  while  the  presence  of 
oxygea  appears  to  suppress  this  structure  altogether  and  forms  instead  a 
network  structure  concerning  which  the  microscope  furnishes  the  pre- 
sumption that  it  should  possess  superior  strength,  a  presumption  abun- 
dantly borne  out  by  physical  testa.  It  would  seem  that  scientific  metal- 
lurgists interested  in  this  subject  may  find  interesting  worlc  for  years  to 
come  along  this  line. 


Fio,  3.— Coke  Iron  +  Oxtgen.    Unetched.    X  100. 

Turning  now  to  the  practical  point  of  view  and  in  particular  answering 
the  criticism  of  Professor  Sauveur  that  our  teats  do  not  carry  conviction 
that  the  oxygen  is  the  cause  of  the  change  because,  he  saya,  remelts  with 
spongy  No.  6  do  not  prove  our  caae,  I  will  fiu'nish  additional  evidence 
developed  since  this  paper  was  written. 

A  abort  time  ago  I  took  a  heat  of  coke  iron  containing  about  1  per 
cent,  silicon,  from  which  test  bars  were  made  as  it  came  from  the  cupola. 
This  heat  was  put  into  a  Stoughton  side-blow  converter  and  had  the  sili- 
con blown  out  of  it  at  a  temperature  aa  low  aa  we  could  aafely  bold  it. 
The  blow  was  stopped  before  much  of  the  carbon  liad  gone,  and  the 
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resulting  metal,  which  was  a  wild  white  iron  full  of  blow-holes,  utterly 
rotten  and  worthless,  as  shown  by  samples  which  we  poured,  was  mixed 
with  an  equal  weight  of  2  per  cent,  silicon  iron  from  the  cupola,  from 
which  test  bars  were  made  previous  to  mixii^.  From  the  ntixture 
additional  test  bars  were  made.  These  included  I}-in.  rounds,  as  vitb 
the  two  kinds  of  iron  from  the  oupoia,  and  also  2-in.  square  bars.  Tlieee 
were  broken  by  Tinius  Oisen  &  Co.  in  Philadelphia.  The  results  on  the 
cupola  irons  of  both  heats  ran  from  2,000  to  2,500  lb.,  while  the  bars  made 
from  the  mixture  of  converter  metal  and  cupola  metal  broke  at  from 
3,900  to  4,200  lb.    The  2-in.  square  bars  of  the  latter  mbcture  brolte  at 


Fig.  4.— Cokb  Ikon  -|-  Oxygen.    Etched  HNOt-     X  100. 

from  19,000  to  24,000  lb.,  the  latter  figure  considerably  in  excess  of  the 
most  rigid  requirements  of  the  purchasers  of  Southern  and  Eastern  char- 
coal irons.  It  will  be  seen  that  by  mixing  the  sihconless  converter  metal 
with  2  per  cent.  siUcon  metal  we  restored  the  iron  practically  to  the  analy- 
sis of  the  original  melt  in  everything  save  oxygen,  and  this  seenaa  to  me  to 
furnish  as  conclusive  a  proof  as  the  most  exacting  can  require  that  it  is 
oxygen  and  oxygen  alone  which  produces  these  results.  This  iron  not 
only  had  the  strength,  but  also  had  the  close  grain,  the  high  density,  and 
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the  great  chiUiug  power  of  the  best  grades  of  charcoal  iron,  from  which 
it  could  not  be  distinguished  by  the  most  careful  examination.  Photomi- 
orc^aphfl  of  this  iron,  etched  and  unetched,  JFHgs.  3  and  4,  are  presented 
herewith  on  the  same  scale  as  those  in  the  original  paper.  The  similarity 
of  this  iron  to  those  charcoal  irons  will  not,  I  believe,  be  denied  by  any 
one,  and  I  beUeve  those  familiar  with  the  microstructure  of  malleable 
castings  will  be  struck  with  the  similarity  of  the  imetched  specimen  to 
the  structure  of  malleable  iron. 

It  is  si^gested  io  the  paper  that  the  explanation  for  the  action  of 
oxygen  is  that  it  reverses  the  points  of  graphite  formation  and  solidificar 
tion,  which  ordinarily  occur  in  the  order  stated,  but  which  in  these 
irons  containing  oxygen,  in  my  opinion,  occur  in  the  opposite  order,  as 
shown  by  the  suppressed  condition  of  the  graphite  in  the  photomicro- 
graphs. This  opinion  receives  confirmation  from  a  direction  which  did 
not  occur  to  me  at  the  time  the  paper  was  written.  It  is  a  matter  of 
common  knowledge  among  users  of  high-grade  irons  that  strong  irons  of 
the  kind  they  desire  have  low  shrinkage,  while  poor  irons  have  high 
shrinkage,  fuid  the  shrinkage  test  is  actually  used  as  one  of  the  deter- 
mining factors  in  the  pm-chase  of  iron. 

Now,  if  the  forgoing  explanation  be  correct  it  explains  this  fact  also, 
because  if  graphite  formation  be  delayed  until  after  the  partial  sobdificar 
tion  of  the  iron  matrix,  then  obviously  when  the  graphite  does  form  the 
increase  in  volume  which  its  formation  involves  will  expand  the  partly 
solidified  iron,  and  this  expansion  will  partly  offset  the  subsequent  con- 
traction due  to  cooUng,  so  that  the  net  shrinkage  of  the  iron  will  be  small. 
If,  on  the  other  hand,  the  graphite  separates  out  while  the  iron  is  still 
perfectly  hquid,  this  action  obviously  does  not  occur.  The  contraction 
due  to  cooUng  is  not  offset  by  tiiis  expan^on  due  to  the  formation  of 
graphite,  and  the  resulting  shrinkage  is  greater  than  in  the  other  iron. 

Thus,  this  explanation  agrees  with  another  important  factor,  well 
established  by  practice,  which  seems  to  me  to  increase  the  probability 
of  the  correctness  of  the  explanation  very  materially. 

In  the  commercial  aspect:  While  producers  of  coke  iron  ignore  the 
fact,  the  manufacturers  of  high-grade  castings  pay  premiums  of  from 
tlO  to  $25  per  ton  for  irons  having  these  qualities.  They  do  this  not 
through  inertia,  not  through  igncn-ance,  but  only  after  thoroi^h  and 
convincing  trials  of  coke  iron  as  a  substitute  have  demonstrated  beyond 
doubt  that  they  cannot  obtain  the  results  that  can  he  obtained  with  these 
other  irons.  There  is  not  only  one  such  foundryman  in  the  country, 
there  are  scores. 

These  expensive  irons  do  not  differ  chemically  in  any  way  whatever 
from  coke  irons  of  similar  analysis  except  in  regard  to  oxygen. 

Admitting  that  we  have  all,  myself  most  strenuously  with  the  others, 
until  recently,  believed  that  oxygen  was  a  serious  detriment  to  the  quality 
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of  iron,  have  we  any  objective  evidence  whatever  to  support  this  view? 
Admitting  the  old  idea  that  a  difference  in  oxygen  is  accountable  for  these 
differences  in  quality,  does  not  the  view  that  its  presence  is  respon^ble  for 
the  improvement  agree  far  better  with  the  actual  facts  than  the  view 
that  its  absence  caiues  these  differences?  Are  we  not,  therefore,  entitled 
to  lay  aside  our  preconceived  ideas,  our  prejudices,  our  beliefs  and  our 
theories,  in  order  to  accept  the  concordant  results  of  a  vast  mass  of  uncon- 
troverted  and,  I  believe,  uncontrovertible  evidence  of  which  this  paper 
furnishes  only  a  small  part,  and  against  which  the  only  objection  urged  is 
that  it  is  new? 


Manganese  Steel,  with  Especial  Reference  to  the  Relation  of  Phjrsical 
Properties  to  Microstructure  and  Critical  Ranges 

Diacusuon  of  the  paper  of  W.  8.  Potter,  presented  at  the  New  York  meeting,  Febru- 
ary, 1914,  aad  printed  in  BailtHn  No.  88,  April,  1914,  pp.  601  to  634. 

Albebt  Sauvbuk,  Cambridge,  Mass. — While  I  do  not  think  that  Mr, 
Potter's  conclusions  in  regard  to  the  existence  of  several  critical  points  in 
heating  and  cooling  manganese  steel  are  fully  supported  by  the  appear- 
ance of  the  curves  exhibited,  the  results  of  his  heat  treatment  and  phys- 
ical testing  are  most  important  and  instructive.  It  seems  to  me  that  Mr. 
Potter  has  shown  in  a  conclusive  manner  the  breaking  up  of  austenite  on 
heating  manganese  steel,  and  that  he  has  located  accurately  the  limits 
of  the  range  in  which  such  breaking  up  takes  place.  I  see  in  his  results 
a  confirmation  of  a  view  I  have  held  for  many  years:  namely,  that  the 
reheating  of  quenched  manganese  steel  is,  In  reality,  a  tempering  opera- 
tion, even  if  it  imphes  an  increase  rather  than  a  decrease  of  hardness. 
Undoubtedly  it  represents  a  return  to  a  more  stable  condition — the  essen- 
tial feature  of  the  tempering  operation. 

Quenched  manganese  steel  is  austenitic;  that  is,  its  condition  is  that 
of  a  solid  solution  in  which  the  iron  is  in  the  gamma  form.  This  is 
proven  by  (1)  its  structure,  (2)  the  absence  of  magnetism,  (3)  the  absence 
of  critical  point  during  the  coolii^  of  such  steel,  (4)  its  moderate  hard- 
ness, high  tensile  strength,  high  ductility,  and  relatively  low  elastic 
limit.  On  reheating  the  metal  to  about  500°  C,  the  austenite  begins  to 
break  up  through  the  formation  of  some  beta  iron,  as  evidenced  by 
increased  hardness  and  greatly  decreased  ductility.  At  some  500°  C 
some  alpha  iron  also  forms,  since  the  metal  becomes  magnetic.  The 
behavior  of  manganese  steel  when  subjected  to  heat  treatment  appears 
to  me  to  fall  in  line,  in  a  remarkable  manner,  with  the  allotropic  theory 
of  the  hardening  of  steel  as  first  outlined  by  Osmond.  The  fact  that, 
on  tempering  austenitic  manganese  steel,  its  hardness  increases  affords, 
in  my  opinion,  a  very  strong  evidence  of  the  existence  of  a  hard  variety 
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of  iron  between  the  soft  alpha  variety  and  the  moderately  hard  gamma 
variety;  in  other  worde,  of  beta  iron. 

Sib  Robert  Hadfield,  London,  England  (communication  to  the 
Secretary.") — I  have  read  with  much  interest  Mr.  Potter's  paper  on 
Manganese  Steel,  and  compliment  him  upon  his  excellent  photomicro- 
graphs. 

In  view  of  his  opening  remarks,  in  which,  no  doubt  unintentionally, 
he  states  that  manganese  steel  has  only  been  known  and  introduced  for 
about  a  decade,  it  seems  to  me  he  hardly  does  justice  to  the  many  willing 
helpers  who  have  worked  long  before  the  decade  of  which  he  speaks,  on 
manganese  steel,  which  I  discovered  now  about  30  years  ago.  When, 
therefore,  he  speaks  as  if  this  material,  with  its  many  wonderful  qualities, 
has  only  been  in  use  for  the  short  space  of  10  years,  he  evidently  does  so 
without  being  aware  of  the  real  facts.  Manganese  steel,  both  in  its  cast 
and  forged  forms,  has  been  commercially  used  for  more  than  20  years. 
Therefore  the  statement  referred  to  hardly  seems  to  do  justice  to  those 
in  England  and  America  who  have  been  working  so  patiently  and  for  so 
long  a  period  and  trying  to  master  the  intricacies  of  this  interesting  met- 
allurgical product. 

As  a  matter  of  interest  to  those  of  our  youi^er  members  who  are  com- 
ing to  the  front  in  metallurgy,  it  may  be  interesting  to  make  a  brief 
mention  of  those  to  whom  credit  has  been  due. 

The  first  in  this  country  to  take  an  interest  in  manganese  steel  was 
the  late  Joseph  D.  Weeks,  of  Pittsburg,  a  very  able  writer  and  well 
acquainted  with  much  of  the  practical  side  of  metallurgy.  He  read  the 
first  paper  in  this,  or  in  fact  in  any  country,  on  my  material,  before  this 
Institute  in  1884.  He  met  my  father  and  myself  in  Europe  just  at  the 
time  the  development  of  this  steel  was  being  made,  and  was  so  much 
interested  that  he  asked  if  he  might  say  something  about  it  in  America; 
hence  the  paper  in  question. 

Not  long  after,  Prof.  H,  M.  Howe  came  over  to  Europe,  and  was  so 
much  struck  that  he  also  asked  if  he  could  speak  of  the  research  work  we 
were  then  carrying  on.  As  is  well  known,  he  gave  a  considerable  and 
lengthy  account  of  manganese  steel  in  his  great  work.  The  Md^llurgy  of 
Sled. 

Then  came  my  friends  the  late  W.  J.  Taylor  and  Maunsel  White, 
also  H.  D.  Hibbard,  each  of  whom  did  much  valuable  work  on  manganese 
steel  now  some  23  years  ago.  Professor  Howe  read  several  papers 
regarding  my  discoveries,  including  those  before  the  American  Society  of 
Mechanical  Engineers  in  1891,  and  the  Franklin  Institute  in  1892.  As 
I  have  just  said,  he  also  devoted  considerable  space  to  describing  and 
commenting  upon  the  material  in  his  well-known  Metallurgy  of  Steel, 

•Received  Mar.  27,  1914. 

Digitizecy  Google 


1238  MANOANOSB    BTBEL 

published  25  yeara  ago.  Since  then,  younger  members  of  the  Taylor  Co., 
including  Knox  Taylor  and  others,  have  also  worked  indefatigably  at 
the  problem  of  developing  and  improving  manganese  steel  during  the 
last  15  years. 

.Among  others  in  this  country  who  did  pioneer  work  with  regard  to 
the  material  are  C.  W.  Hubbard,  Pittsburg;  the  late  respected  William 
Metcalf,  of  the  Crescent  Steel  Works,  Pittsburg;  also  his  firm,  Miller, 
Metcalf  &  Parkin,  all  of  whom  took  a  practical  interest  in  the  subject; 
P.  H.  Dudley;  Mr.  Harrington,  mechanical  engineer  of  the  Pittshui^, 
Cincinnati  &  St.  Louis  Railway;  S.  T.  Wellman,  of  the  Otis  Steel  & 
Iron  Co.,  who  made  some  of  the  earliest  mechanical  tests;  E.  G.  Si»ls- 
bury,  one  of  the  first  to  experiment  with  mangaaese-ateel  wire;  T.  T. 
Morrell,  chief  chemist  of  the  Cambria  Iron  Works;  J.  P.  Sbitm,  also  his 
brother;  the  Lehigh  A  Wilkea-Barre  Coal  Co.;  and  many  other  individ- 
uals and  corporations. 

It  may  be  of  interest  to  also  add  that  among  those  who  took  an  inter- 
est in  developii^  manganese  steel  on  the  continent  of  Europe  were: 
in  France,  M.  Saladin,  of  Messrs.  Schneider;  CbatiUon  &  Commentiy 
Co.;  Messrs.  Gautier,  Osmond,  Pourcel,  Dumas,  H.  and  A.  le  Ch&teiier, 
and  many  others.  In  Germany,  Messrs.  Krupp  and  their  Directors,  Dr. 
Schmidt  and  Dr.  Ehrensbei^er;  Professor  Ledebur,  Dr.  MuUer,  and 
others, 

I  have  only  mentioned  a  few  of  those  who  have  been  interested  in 
doing  research  and  practical  work  on  manganese  steel.  There  are, 
of  course,  many  others,  and  I  have  expressly  avoided  referring  to  those 
concerned  in  this  matter  in  Great  Britain,  in  this  reference  to  what  has 
now  become  a  world  industry. 

As  a  landmark  and  date  for  reference,  it  may  be  mentioned  that  the 
first  manganese  steel  I  ever  produced,  as  duly  registered  in  my  experi- 
mental records,  was  in  March,   1882. 

The  work  done  and  the  interest  taken  by  those  mentioned — all  men 
of  well-known  metallurgical  reputation— took  place  not  a  decade  ^o, 
but  in  mnst  cases  from  15  to  20,  or  even  25  years  ago.  It  is  only  fair  that 
their  work  should  not  be  forgotten.  While  we  are  glad  to  have  new 
investigators  in  the  field  of  research,  those  who  have  done  good  work  in 
the  past — alas,  a  number  of  them  not  now  with  ua — should  not  be 
overlooked. 

With  reference  to  the  remarks  about  grain  adhesion, — we  would  pre- 
fer to  use  the  term  "grain  cohesion" — our  experience,  going  back  over 
experimental  and  practical  commercial  work  for  25  years,  has  been  some- 
what in  the  opposite  direction  to  that  of  the  author,  and  we  believe  that 
the  well-defined  etching  crystalline  structure  is  evidence  of  good-quahty 
steel. 

As  regards  "crackling,"  this  we  have  often  noticed  in  test  bars,  and 
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Fig.  1.— Nearly  Pure  Austznite  or  Qti&HCHBD  MANaANBSE  Steci.. 
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we  consider  it  to  5e  due  to  the  cracking  of  the  decarbonized  surface  skio. 
It  will  be  noticed  this  chiefly  occurs  in  bars  heated  to  the  higher 
temperatures,  which  supports  our  theory. 

The  author  refers  to  three  temperature  regions  where  the  metal  is 
uniformly  austenitic.  We  consider  that  above  a  certain  temperature, 
probably  about  1,000°  C,  uniform  austenitic  structure  exists.  In  other 
words,  above  1,000°  C.  the  cementite  is  all  dissolved,  resulting  in  a  single 
uniform  constituent  of  austenitic  structure. 

As  regards  the  remarks  on  p.  617,  the  author  states  that  in  re^on 
three  the  temperatures  of  1,125°  and  1,225°C.  have  been  found  useful  for 
the  heating  of  ingots  for  rollii^.  A  research  was  made  regarding  the 
temperatures  used  for  rolling  ordinary  carbon-steel  rails,  and  it  was  found 
that  the  regular  practice  ran  in  some  cases  to  as  high  as  1,170°  C,  or 
more. 

Some  of  the  photographs  shown  by  the  author  appear  to  be  covered 
with  parallel  lines.  It  is  probable  that  these  parallel  markings  are  Neu- 
mann lines  (slip  bands),  and  are  due  to  the  fact  that  manganese-steel 
sections  are  somewhat  difficult  to  prepare.  In  fact,  owing  to  their  tough- 
ness, if  they  are  knocked  or  hammered  off  a  larger  piece,  this  disturbs 
the  cleavage  planes  of  the  austenitic  crystals.  We  have  produced  such 
a  result,  as  shown  by  the  accompanying  photomicrographs.  Fig.  1 
represents  pure  austenitic  structure,  and  Fig.  2  is  taken  from  a  part 
of  the  same  section  after  having  been  knocked  and  hammered  off. 
The  latter  shows  the  parallel  lines  due  to  the  mechanical  disturbance  of 
the  austenitic  cleavage  planes  caused  by  hammering.  They  appear 
more  numerous  in  this  photc^aph  than  those  shown  by  the  author 
because  the  magnification  is  less,  but  on  the  other  hand  a  larger  field  is 
shown,  and  it  is  interesting  to  note  that  some  of  the  crystals  have  stood 
the  treatment  quite  unmarked. 

As  r^ards  the  effect  of  heat  treatment,  it  may  be  of  interest  to  give 
the  result  obtained  from  one  of  my  earfiest  specimens  of  manganese 
steel. 

These  tests  were  made  in  1887,  and  are  of  interest  as  showing  the 
effect  of  heat  treatment,  namely,  (A)  as  forged;  (B)  afterward  heated  to 
a  high  yellow  and  cooled  in  air;  (C)  cooled  in  oil;  (D)  cooled  in  water. 
It  will  be  noticed  the  elongation  varied  exactly  in  accordance  n'itb 
the  relative  conductivity  of  the  medium  in  which  the  specimen  was 
cooled. 

It  is  also  of  interest  to  note  that  this  was  the  first  bar  of  steel  ever 
produced  in  the  world's  history  which  gave  the  exceedingly  high  tenacity 
of  67.13  tons  per  square  inch  accompanied  with  44.44  per  cent,  elonga- 
tion, and  yet  the  specimen  stilt  remained  unbroken.  These  tests  were 
carried  out  by  the  British  Admiralty  Inspector,  in  the  year  1887,  details 
being  given  in  the  following  table: 
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Teats  on  Hadfield'a  Manganese  Steel 


Compositioa:  C,  1.26;  Si, 

0.28;  S,  0.05 

:  P,  O.U;  Mn,   14.01  per 

cent. 

Mark                  Treatment 

Breaking    Load 

Elonga- 

Appearance of 

Tons  per 

tion  on  8 

FVacture 

Square  Inch 

in.,  Per 
Cent. 

A      Fwged  into  teat  bar  and  no 

36.43 

1.S6 

P^e  grain 

B       Heated  to  high  yeUow  and 

47.90 

14.06 

Granular;  fine  grain 

cooled  in  air 

C       Heated  to  lugh  yellow  and 

55.04 

26.66 

Fibrous 

cooled  in  oU 

D       Heat«d  to  high  yellow  and 

67.13 

44.44 

Fibrous" 

cooled  in  water 

"The  Admiralty  Inspector  who  carried  out  teats  on  this  bar  remarked:  "Not- 
withstanding 44,44  per  cent,  elongation,  and  a  tensile  load  of  67  tons,  this  bar  Is  still 
uidiroken."  It  is  probable  that  the  final  elongation  would  have  been  SI  to  52  per  cent., 
with  a  breaking  strength  of  a  little  oyer  70  tone  per  square  inch. 

The  author  of  the  paper  states  that  the  maximum  results  are  obtained 
at  840°  C,  but  we  have  often  obtained  both  superior  tenacity,  and  equal 
if  not  superior  elongation  at  temperatures  in  some  cases  as  high  as  940° 
C,  or  over  100°  C.  higher  than  those  mentioned  by  the  author. 


Manganese-Steel  Ralls 

DiacussioQ  of  the  paper  of  Sir  Robert  HAsriELO,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  Bulletin  No.  86,  February,  1914,  pp.  259  to  266. 

W.  S.  PoTTBK,  Pittsburg,  Pa. — The  second  page  of  this  paper  contains 
the  repetition  of  the  substance  occurring  at  the  bottom  of  the  first  page. 
I.e.,  "There  never  has  been  any  real  difficulty  in  obtaining  forged,  rolled, 
or  pressed  manganese  steel." 

The  writer  refers  to  manganese-steel  rails  made  by  the  Schneider  Co. 
for  the  Metropolitan  Electric  Railway  of  Paris.  In  the  Revue  de  MHal- 
Iwrgie,  Paris,  1909,  vol.  vi,  p.  550,  in  a  letter  dated  Feb.  6,  1909,  the 
Schneider  Co.  makes  the  following  statements  concerning  the  history  of  its 
efforts  io  the  manufacture  of  manganese-steel  rails: 

"Ourfirsttestfl  made  in  this  direction  go  back' to  March,  1904,  and  consisted  in  the 
rolling  of  some  ruls  of  7.5  kg.  per  meter,  obtained  by  the  transformation  of  billets 
forged  at  the  drop  hammer.  Theee  teats  were  continu^  in  February,  1905,  by  rolling, 
under  the  same  conditions,  two  rails  of  18  kg.  to  the  meter. 

"In  August,  1906,  and  in  anticipation  of  a  furnishing  of  rails  to  the  Metropolitan  of 
Paris,  we  proceeded  to  a  preliminary  rolLng  of  rails  of  20.35  kg.,  which  permitted  us  to 
reec^aiae  in  advance  the  difficulties  of  manufacture  which  we  would  encounter,  and 
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to  take  all  suitable  measures  for  sunnounting  them.  Six  rails  of  7  m.  were  thus  rolled. 
The  operation  presented  this  peculiarity,  that  the  traDsformation  of  the  ingots  iato 
rails  was  effected  exclusively  by  rolling  (without  preliminary  forging  of  the  ingot«). 
Finally,  from  March  to  July,  1907,  we  proceeded  under  excellent  conditions,  to  tk 
rolling  of  60  tons  of  Vignole  rails,  of  52  kg.  to  the  meter,  from  6  to  12  m.  in  length, 
at  present  in  service  at  the  Metropolitan  Raiboad  of  Paris." 

On  p.  560  of  this  journal  the  Schneider  Co.  makes  the  following 
statement: 

"Manganese  steel  may  be  forged  and  rolled.  Nevertheless,  the  quit«  speeiil 
pains  which  its  heating  demands,  as  well  as  the  very  narrow  limits  of  temperatim 
between  which  one  is  restricted  in  working  it,  render  these  □perations,  the  rolling  of 
rails  of  great  lengths  especially,  particularly  difficult. 

"We  have,  however,  succeeded  in  rolling,  in  July,  1907,  an  important  tonnage  of 
Vignote  rails,  at  present  in  service  on  the  Metropolitan  Lines  of  Paris." 

The  makers  of  the  rails  referred  to  by  Sii  Robert  Hadfield  differ  racE- 
cally  from  him  as  to  their  experience  in  the  heating  of  manganese  steel  for 
rolling  or  forging.  Until  1906,  and  after  two  years'  experimenting,  they 
were  still  unable  to  roll  the  manganese  ingots  without  first  foxing  them. 
Thereafter  they  found  that  the  heating  required  "quite  special  pains" 
and  that  the  metal  could  only  be  heated  within  "very  narrow  limits  of 
temperature  between  which  one  is  restricted  in  working  it." 

Personally,  I  have  had  14  years'  experience  in  the  manufacture  of  cast 
manganese  steel,  rolled  and  forged  mai^anese  steel,  and  it  would  certainly 
be  absurd  for  me  to  say  that  I  had  found  "no  difficulty,"  particularly  in 
the  heating  of  the  cast  metal  for  its  conversion  into  rolled  or  forged  forms. 

Nine  important  steel  companies  in  the  United  States,  one  in  France, 
and  two  in  England  have  wrestled  with  the  heating  of  the  cast  manganese 
steel  in  their  efforts  to  devise  a  practical  method  for  its  conversion  into  the 
wrought  state.  Hundreds,  if  not  thousands,  of  men  on  both  ades  of  the 
water  will  agree  with  me  when  I  say  that  the  preparation  of  the  mangan- 
ese-steel ingot  for  rolhng  is  the  very  name  of  trouble.  This  art  is  entirely 
the  oppo^te  of  what  one  would  understand  from  reading  Sir  Robert  Had- 
■  field's  paper  submitted  to-day  to  this  Institute. 

The  first  bar  of  rolled  manganese  steel  which  I  ever  saw  was  made  by 
the  Edgar  Allen  Co.,  of  ShefGeld,  England,  and  was  given  to  me  for  analy- 
sis when  I  was  chemist  of  the  William  Wharton,  Jr.,  Co.,  of  Philadelphia. 
I  foimd  manganese  12.6  per  cent.  It  was  a  very  fine-grained,  smooth 
bar,  about  3  in.  wide  and  perhaps  g  in.  thick.  This  was  in  the  early  part 
of  1901. 

During  the  period  1901  to  1909  (more  or  less)  many  good  men  on  both 
sides  of  the  water  struggled  with  the  difificult  matter  of  devising  a  method 
of  heating  an  ingot  of  manganese  steel  in  such  a  manner  that  it  might  then 
be  rolled  so  as  to  afford  a  commercially  available  product.  Outude  of 
England  and  this  country,  no  important  progress  in  this  ajri  has  been 
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recorded.  Id  Sheffield,  Ei^^aod,  the  E<^ar  Allen  Co.  worked  out  a 
method,  and  in  accordance  with  it  rolled  more  rails  than  have  ever  been 
made  by  any  company  outside  of  the  United  States. 

A  representative  of  the  Edgar  Allen  Co.  described  the  successful 
Sheffield  practice  as  follows: 

"Vou'eatit  juBtso'ot.     Thea  you  rowl  it  to  the  center,  rowl  it  to  the  center,  you 

undarstsnd.     If  you  'eat  it  just  a  little  bit  too  'ot,  you  orush  your ingot.    If  you 

don't  'eat  it  quite  'ot  enough,  you  bre&k  your rawla." 

In  other  words,  as  per  the  written  word  from  the  Schneider  Co.,  the 
temperature  rai^e  as  per  the  EngHsh  practice,  as  developed  in  Sheffield 
and  trananitted  to  the  works  of  the  Schneider  Co.,  covered  "very  narrow 
limits  of  temperature  between  which  one  is  restricted  in  working  it." 

During  the  same  years,  that  is  to  say,  from  1901  to  1907,  inclusive, 
there  was  developed  in  this  country  a  method  of  heating  manganese^teel 
ingots  for  roUing,  which,  instead  of  beir^  limited  to  a  very  narrow  range  of 
temperature  (which  according  to  the  best  information  as  to  the  Sheffield 
practice  was  from  850°  to  950°  C),  enabled  the  operator  to  go  to  1,150°  to 
1,250°  C.  in  the  heating  of  the  ingots.  The  result  was  a  soft,  ductile  ingofr, 
corresponding  with  a  20  per  cent,  carbon-steel  ingot  ductility. 

In  1912  the  Edgar  Allen  Co.  was  still  selling  manganese-steel  rails  at 
approximately  $250  per  ton.  In  1913  they  took  license  under  my 
English  patents  and  immediately  reduced  their  price  on  rolled  mai^anese- 
eteel  rails  to  approximately  $125  per  ton.  The  American  price  for  several 
years  has  been  $80  per  ton. 

J,  W.  Richards,  So.  Bethlehem,  Pa.: — We  probably  all  know  that 
Mr.  Potter  has  done  more  work  than  any  one  else  in  the  United  States  on 
the  rolling  of  manganese  steel,  and  we  all  know,  also,  that  Mr.  Hadfield 
was  the  pioneer  in  the  production  of  the  metal,  and  that  be  certainly  did 
foi^  and  roll  it  a  great  many  years  ago.  But  the  reading  of  his  paper 
seems  to  conhrm  Mr.  Potter's  statement  that  he  minimizes  the  difficulties 
and  as  the  proof  of  the  pudding  is  in  the  eating  thereof,  the  fact  that  by 
Mr.  Potter's  method  manganese-steel  rails  are  now  being  rolled  and  sold 
at  less  than  one-half  the  price  at  which  they  were  sold  before  his  process 
came  into  use,  would  show  that  bis  methods  are  essentially  a  great 
improvement  upon  any  previously  known  method  of  rolling  this  material 

Sia  RoBKBT  Kadfi&ld  (communication  to  the  Secretary*), — With. 
regard  to  Mr.  Potter's  remarks,  I  notice  that  he  quotes  a  sentence  of  mine 
in  which  it  is  stated  "  There  never  has  been  any  real  difficulty  in  obtaining 
forged,  rolled,  or  pressed  manganese  steel."  As  set  forth  in  my  paper,  1 
agfun  state  that  we  in  England  have  been  rolling,  forging,  and  pressing 
manganese  steel  as  far  back  as  the  years  1S87  to  1892,  and  have  not  found 
any  special  difficulties  provided  the  ingots  were  made  in  a  proper  manner. 
Soon  after  the  years  referred  to,  among  other  articles,  large  quantities  of 
■  Aeceived  Apr.  16,  1914. 
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dre<^er  pins,  all  of  which  were  forged,  and  of  quite  lai^e  diameter, 
3}  to  4  in.,  WBre  produced.  This  was  referred  to  in  my  paper  to  this 
Institute  in  1893;  that  is,  more  than  20  years  ago.  In  view  of  the  fact 
that  it  was  then  possible  for  us  to  produce  forgings  and  bars  from  ingots 
of  small  and  large  sizes,  it  will  be  seen  that  my  assertion  is  thoroughly 
confirmed  by  the  facta. 

According  to  recent  statements  in  the  technical  press,  it  has  only 
just  been  rec(^nized  by  those  new  to  this  art  that  the  question  of  making 
a  suitable  and  satisfactory  ingot  is  one  of  the  chief  points  in  connection 
with  the  successful  production  of  forged  and  rolled  manganese  steel,  a 
point  which  we  in  Sheffield  have  had  in  view  during  the  last  20  years. 

As  regards  Messrs.  Schneider's  remark  that  manganese  steel  could.be 
readily  forged  and  rolled,  but  that  it  requires  care  in  manipulation, 
whether  as  regards  heating  or  other  portions  of  the  process,  this  applies 
as  much  to-day  as  when  the  statement  was  made  in  1907-1909.  It  will 
be  admitted  by  all  who  deal  with  manganese  steel  that  narrower  limits  of 
temperatures  and  methods  of  handling  must  be  employed  in  its  working. 
There  is  less  latitude  as  compared  with  ordinary  carbon  steel,  and  it  is 
this,  which  is  the  gist  of  the  statement  very  correctly  put  forward  by 
Messrs.  Schneider,  especially  as  they  had  in  view  the  production  of 
rails  up  to  12  m.  in  length,  the  accomplishment  of  which  is  even  to-day 
not  a  matter  of  the  greatest  ease.  This  is  so  not  merely  on  account  of  its 
being  a  rolling-mill  question,  but  in  connection  with  other  portions  of 
the  work  which  is  necessary  to  be  carried  out  in  the  manufacture  of  these 
rails.  There  is  therefore  nothing  in  the  statement  made  by  Messrs. 
Schneider  to  which  exception  can  be  taken. 

In  any  case,  however,  as  Messrs.  Schneider  definitely  pointed  out, 
they  rolled  manganese-steel  rails  in  March,  1904,  and  in  August,  1906, 
they  rolled  about  20  tons  of  these  rails,  of  heavy  section,  7  m.  in  length. 
Then,  a  few  months  afterward,  60  tons  of  manganese-steel  rwls  were 
rolled,  of  heavy  Vignole  section,  weighing  52  kg.  per  meter,  and  from  6  to 
no  less  than  12  m.  in  length.  These  rails  are  still  in  service,  and  have 
given  exceedingly  satisfactory  results,  as  referred  to  in  my  paper.  As 
these  were  probably  the  first  manganese-steel  rails  of  large  section  ever 
put  into  service  with  satisfactory  results,  full  credit  should  be  given 
to  Messrs.  Schneider.  Therefore  there  seems  to  be  nothing  special  in 
the  claims  they  make  in  the  remarks  quoted  which  might  not  at  that 
time  have  been  made  by  any  one  dealing  with  manganese  steel  in  its  then 
new  application  for  rails. 

Aa  is  well  known  by  those  accustomed  to  dealing  with  manganese  steel, 
one  of  the  chief  secrets  of  success  is  the  careful  handling  during  the  first 
stages  of  the  forging  or  rolling  treatment.  In  other  words,  as  Mr.  Potter 
probably  knows,  if  manganese-steel  ingots  are  heated  to  temperatiires 
such  as  those  to  which  he  refers,  1,150°  to  1,250^  C,  imless  there  is 
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careful  handling  in  the  rolls,  the  results  will  be  disastrous.  For  example, 
if  the  roils  are  too  severe  in  their  draft,  then,  apart  from  the  question  of 
temperature  or  the  manner  in  which  manganese  steel  is  heated,  it  will  not 
be  easy 'to  obtain  satisfactory  product. 

It  is  of  the  highest  importance  that  mangaoese  steel  when  put  to  work 
should  be  perfect  as  regards  its  toughness,  otherwise  most  disastrous  re- 
sults may  ensue.  This  is  referred  to  because  some  of  the  manganese-steel 
rails  produced  in  this  country  are  stated  not  to  have  been  satisfactory. 
This  is  mentioned  in  the  American  Railway  Engineering  Association's 
report  for  July  last  year,  where  it  is  stated  that  a  number  of  rails  put  into 
use  were  while  in  service  discovered  to  be  broken.  This  is  another  proof 
that  unless  the  manufacture  is  carried  out  very  carefully,  a  point  I  have 
always  particularly  insisted  upon,  the  use  of  this  peculiar  material, 
manganese  steel,  may  prove  dangerous.  As  is  well  known,  manganese 
steel  in  its  brittle  condition  breaks  much  more  readily  than  carbon 
steel.  It  is  also  easy  to  have  intermediate  conditions  in  which  under 
ordinary  tests  the  material  appears  to  be  tough,  yet,  owing  to  imperfect 
heating  and  toughening  treatments,  it  has  a  dangerous  propensity  to 
break  with  Uttle  warning.  Another  point  may  be  emphasized:  namely, 
that  if  the  toughening  of  manganese  steel  is  carried  on  at  too  wide  a  range 
in  temperature,  the  risk  is  run  of  serious  breakages  occurring  sooner  or 
later.  In  such  case  the  material  would  be  blamed,  when  it  is  not  really 
at  fault,  but  the  incorrect  methods  of  treating  it.  These  facts  have  in  the 
past  been  fully  and  specially  emphasized  in  my  various  papers  and  other 
comm  unications. 

With  r^ard  to  the  further  remarks  of  Mr.  Potter  that  there  have  been 
difficulties  to  overcome  in  dealing  with  this  peculiar  steel,  this  statement 
of  course  is  quite  correct.  Others  among  us  interested  in  the  forging  and 
rolling  of  manganese  steel  have  at  times  not  felt  very  happy  in  the  past 
when  visiting  the  scrap  heap !  In  view  of  the  facts  previously  referred  to, 
it  must  be  admitted  that  the  problem  was  solved  in  England  more  than  20 
years  ago;  and  as  regards  suitable  methods  for  producing  rails,  these  were 
fully  set  forth  to  the  metallurgical  world  in  1903,  as  a  result  of  experi- 
mental work  which  had  been  going  on  for  some  time  previous  to  that 
year.  For  example,  attention  may  be  called  to  the  fact  that  in  a  recent 
technical  publication*  it  is  stated  that  the  method  by  which  manganese- 
steel  rails  can  be  satisfactorily  produced  is  "by  using  inverted  molds 
(that  is,  ingots  cast  with  the  large  end  up  and  the  small  end  at  the  bottom) 
with  refractory  tops,  putting  carbon  on  the  top  of  the  ingots  after  pour- 
ing, and  keeping  this  in  a  state  of  incandescence  with  compressed  air." 
If  this  f^stem  was  not  employed,  the  maker,  it  is  stated,  met  with  in- 
numerable difficulties  in  handling  the  fluid  steel,  or,  to  use  the  language  of 

^TnmhlesinthMta^neaB  Steel: Iron  Age,  vol  xciii,-No.  7,  p.  447  (Feb.  12,  1914). 
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the  article  referred  to,  before  using  this  device  "  We  were  making  scHne  at 
the  most  beautifully  piped  ingots  you  ever  saw."  Methods  of  this 
nature  and  similar  to  those  above  described  have  been  ut|^ed  by  me  ever 
since  1903,  and  full  details  have  been  set  forth  in  my  papers  and  other 
communications.  Under  the  system  my  firm  has  made,  in  a  most  satis- 
factory manner,  very  large  tonnages  of  perfectly  sound  manganese-steel 
ingots,  and  showing  little  if  any  more  waste  than  ordinary  carbon  steel. 
Under  the  same  system  are  produced  carbon^ee!  ingots  absolutely  sound 
and  free  from  piping. 

It  is  therefore  no  little  satisfaction  to  find  that  if  the  article  referred 
to  in  Iron  Age  correctly  represents  the  facts,  as  no  doubt  it  does,  the 
successful  production  of  manganese-steel  rails  in  this  country  is  being 
based  upon  the  system  described  so  many  years  ago.  If  this  system  is 
a  success  for  producing  ingots  from  which  manganese-steel  ruls  are  made, 
may  I  not  urge  that  it  also  possesses  the  same  advantages  for  ordinary 
steel  ingots  from  which  carbon-steel  rails  are  made. 

With  reference  to  the  statement  that  "Nine  important  steel  com- 
panies in  the  United  States,  one  in  France,  and  two  in  England  have 
wrestled  with  the  heating  of  cast  manganese  steel,"  I  can  only  repeat 
that  long  before  the  date  mentioned,  1901,  we  had  wrestled,  and  this 
most  successfully,  with  the  art  of  producii^  rolled  eind  forged  [Hxiducts 
of  this  steel.  It  will  be  seen,  therefore,  that  ii  is  not  possible  to  agree 
with  the  remarks  made  under  this  head,  and  it  seems  to  me  that  others, 
in  the  light  of  the  above-mentioned  facts,  will  take  the  same  point  of 
view. 

Reference  is  made  to  the  efforts  of  those  who  were  not  the  inventors 
of  manganese  stee),  and  therefore  could  not  have  been  the  first  to  produce 
it.  It  was  probably  not  until  some  10  or  12  years  after  my  company 
produced  this  material  in  rolled,  forged,  pressed,  and  other  worked 
forms,  that  the  firms  referred  to  produced  the  material  which  I  discovered 
and  first  worked  at  between  the  years  1883  and  1S87,  before  anaouBcing 
to  the  world  in  my  papers  this  discovery  of  mine.  Therefore,  at  lea^ 
15  years  before  1901,  the  date  when  Mr.  Potter  says  he  first  saw  a  bar 
of  rolled  manganese  steel,  my  firm  had  been  doing  this,  which  was 
naturally  so,  seeing  that  I  discovered  the  material.  Moreover,  in  view 
of  my  papers  to  the  Institution  of  Civil  Engineers  in  1888,  and  later 
to  this  Institute  in  1893,  and  the  references  therein  to  the  many  tons 
of.ro]led  bars,  sheets,  axles,  tires,  forgings  and  other  forms  of  manganese 
steel,  I  am  at  a  loss  to  understand  why  in  the  remarks  referred  to  tftese 
evidences  are  overlooked. 

With  regard  to  the  temperatures  used  for  forging  and  rolling,  there 
is  full  and  definite  evidence  on  record  that  the  early  practice  of  dealing 
with  manganese-steel  ingots  from  the  year  1887  and  onward  was  to 
heat  the  ii^ots  very  much  hotter  than  the  temperatures  tQ  irhKh  Mr. 
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Potter  refers.  He  seems  to  have  got  an  erroDeous  impression  botb  nith 
regard  to  the  lai^  quantities  and  as  to  the  manner  we  in  England  have 
been  rolling,  forging  and  pressing  mangaoese  steel  durizig  the  last  20 
years.  I  should  be  very  glad  to  show  him  our  experimental  records,  and 
am  sure  he  would  then  see  that  many  of  the  suggestions  he  makes  were 
anticipated  by  our  early  work.  He  would  also  then  see  the  very  large 
tonnages  of  forged  manganese-steel  work  we  have  turned  out  from  the 
year  1887  and  onward. 

I  shotild  like  to  ptnnt  out,  with  reference  to  the  rem^ks  of  Professor 
Richards,  that  there  seems  to  be  some  misunderstanding  about  the 
qnestioD  of  the  work  previously  done  with  regard  to  reducing  maoganese 
steel  by  forging  and  rolling  from  ingots.  May  I  once  more  emphasize 
that  for  more  than  20  years  rolhng,  foi^ng,  pressing,  and  otherwise 
manipulating  manganese  steel  in  forms  other  than  those  east  has  been 
carried  out  on  a  lai^  scale.  Long  before  the  year  1900  many  thousands 
of  tons  of  such  foiged  and  rolled  products  were  manufactured  and  used. 
The  methods  of  carrying  out  such  work — that  is,  the  temperatures  em- 
ployed for  rolling  and  forging — are  practically  the  same  to-day,  1914, 
as  at  the  end  of  the  last  century. 

Moreover,  in  the  paper  presented  to  this  Institute  by  the  writer 
in  1893,  entitled  Iron  Alloys,  with  Special  Reference  to  Manganese 
Steel,  full  particulars  and  photographs  are  shown  of  manganese  steel 
(a)  forged  into  railroad  axles,  (b)  rolled  into  railroad  tires;  also  many 
other  worked  forms  of  this  material. 

As  regards  the  selling  price,  that  is  quite  another  matter.  Th^e 
were  in  former  years  many  reasons  why  the  selling  price  should  not  have 
been  reduced,  but  the  cost — and  this  is  the  important  point —  of  working 
manganese-steel  ingots  into,  say,  billets,  blooms,  bars,  or  forgings  was, 
as  just  mentioned,  pretty  much  the  same  many  years  ago  as  now,  ex- 
cepting of  course  improved  machinery,  such  as  more  powerful  rolling 
mills,  presses,  etc.,  effecting  diminution  in  cost;  this,  however,  would 
not  make  a  lai^  reduction  in  the  cost.  It  would  be  quite  posdble  to 
uhow  the  original  costs  of  working  manganese  steel  and  compare  them 
with  to-day's  figures,  in  order  to  show  that  the  above  statements  are 
c<HTeet;  in  fact,  owing  to  higher  wages  and  more  costly  fuel,  probably 
there  wonld  be  a  slight  increase  in  the  cost. 


NoteB  on  Blast-Fumace  Operation  with  a  Turbo  Blower 
Diaciuaion  of  the  paper  of  8.  G.  Vaixntine,  presented  at  the  New  York  meeting,  Feb- 
ruary, 1914,  and  printed  in  BuOeiin  No.  86,  February,  1914,  pp.  291  to  297 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. — I  did  not  have  a  chance  to 
read  Mr.  Valentine's  paper  before  the  meeting  and  1  would  like  to  know 
how  he  reaches  the  figure  of  41  cu.  ft.  of  air  per  pound  of  coke.     It  is 
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only  two-thirds  of  the  amount  theoretically  required  aud  would  indicate 
that  one-third  the  total  coke  was  lost  by  solution  and  never  reached 
the  hearth  at  all. 

S.  G,  Valentine. — I  would  like  to  say,  in  reply  to  Mr.  Johnson,  that 
the  figure  of  41.7  is  based  on  the  calibration  of  the  turbo  blower.  That 
calibration,  I  am  advised,  the  General  Electric  Co.  guarantees  to  be  coi^ 
rect  within  5  per  cent.,  and  they  claim  that  it  is  really  correct  within  a 
closer  figure  than  that.  Taking  our  gas  analyses,  as  I  have  done  in  the 
paper,  and  where  the  figures  are  given,  and  figuring  back  from  that  I 
came  within  8  per  cent,  of  that,  my  figures  in  the  calculation  being  a 
little  higher,  running  45  cu.  ft.  of  air  per  pound  of  coke  charged.  Of 
course,  I  am  not  able  to  certify  to  the  correctness  of  that  engine  cali- 
bration, but  understand  it  is  based  on  very  accurate  and  carefully  made 
measurements. 

J.  W.  Richards,  So.  Bethlehem,  Pa. — I  am  not  speaking  as  expert 
on  the  mechanical  side  of  the  turbo  blower,  but  as  I  understand  it,  it 
is  adjusted  so  as  to  take  in  a  constant  amount  of  outside  air  and  deliver 
it  to  the  furnace,  so  that  its  delivery  is  not  a  variable  amount  of  air 
under  variable  pressure,  but  a  constant  amount  of  air  under  whatever 
pressure  the  furnace  gives  against  it.  The  cahbration,  being  done  upon 
the  inlet,  is  probably  done  very  accurately. 

Mr,  Valentine's  figures  show  that  much  less  air  is  received  by  a 
furnace  than  it  is  ordinarily  credited  with.  The  old  way  of  getting  the 
amount  of  air  going  into  the  blast  furnace,  from  the  piston  displacement, 
is  a  very  rough  and  approximate  way  of  getting  at  it,  and  we  all  know 
that  the  more  accurate  way  is  to  take  the  analysis  of  the  gases  and  work 
back  from  the  balance  sheet  of  the  furnace,  to  find  out  how  much  air 
the  furnace  is  receiving.  This  is  more  accurate  than  to  take  the  piston 
displacement  and  make  an  allowance  for  efficiency.  In  fact,  you  can 
in  that  way  compare  the  net  delivery  of  a  blower  plant  to  the  piston  dis- 
placement of  the  engine.  I  have  done  that  in  many  cases  and  it  ^ures 
out,  according  to  the  modernness  or  the  antiquity  of  the  blowing  engine, 
to  an  efficiency  of  delivery  of  anywhere  from  85  down  to  50  per  cent. 

The  blast-furnace  man  who  takes  his  piston  displacement  and  tells 
you  from  that  how  many  cubic  feet  of  air  he  is  blowing  in  per  pound  of 
coke,  is  giving  you,  probably,  a  misleading  idea  of  how  much  air  is 
entering  his  furnace. 

The  feature  of  blowing  in  a  constant  amount  of  air  against  the 
variable  back  pressure  of  the  furnace  is  the  most  valuable  thing  about 
the  turbo  blower.  The  ordinary  engine,  without  such  regulation,  gives 
the  furnace  the  least  amount  of  air  when  it  needs  the  most;  that  is,  when 
it  is  becoming  stopped  up  and  the  back  pressure  is  risii^.  The  turbo 
blower  is  supposed  to  automatically  deliver  a  constant  amount  of  air 
under  the  variable  pressures.    We  have  there  in  an  extremely  valuable 
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improvement  in  blast-furnace  practice.  I  think  it  might  be  still  further 
improved  if  the  amount  of  air  could  be  increased  as  the  amount  of  mois- 
ture in  the  air  increases  (if  the  furnace  has  not  &  dry-blaat  plant)  so 
as  to  compensate  to  some  extent  for  the  variable  amount  of  moisture 
which  is  in  the  air. 

I  have  calculated  the  volume  of  air  received  by  Mr.  Valentine's 
furnace,  from  the  oxygen  in  the  gases,  and  find  it  to  correspond  within 
0.1  cu.  ft.,  per  pound  of  coke  charged,  with  the  value  calculated  by  him 
on  the  basis  of  the  nitrogen  in  the  gases.  This  agreement  checks  up 
the  accuracy  of  his  data,  and  makes  it  in  my  opinion  quite  certain 
that  his  furnace  was  receiving  just  about  48  cu.  ft.  of  sir  (at  60°  F.) 
per  pound  of  coke  charged.  If  the  regulator  on  the  turbo  blower 
registered  less  than  this,  I  believe  the  difference  due  to  inaccuracy 
in  the  calibration  of  the  registering  apparatus;  if  our  reciprocating  engine 
friends  say  that  this  is  an  impossibly  small  amount,  the  answer  is  that 
tbey  have  been  too  long  accustomed  to  working  from  piston  displacement 
allowing  too  high  coefficients  of  delivery,  and  so  have  become  accustomed 
to  char^i^  their  furnaces  with  more  air  than  they  were  actually  receiving. 
I  consider  this  important  point  fully  proved  by  Mr.  Valentine's  data. 

J.  E.  Johnson,  Jb. — It  is  perfectly  true  that  the  reciprocating  blowing 
engines  have  efBcienciea  as  low  as  50  per  cent,  in  some  cases.  I  have 
made  some  tests  along  this  line  and  I  know  that  this  is  so.  Nevertheless, 
I  think  that  good  engines  such  as  are  in  common  use  now  will  show  an 
efficiency  of  about  90  per  cent,  of  the  theoretical,  including  everything. 
It  seems  to  me  that  the  volumetric  efficiency  of  Mr.  Valentine's  turbo 
blower  must  have  been  about  120  per  cent,,  as  I  do  not  believe  the  results 
which  Mr.  Yalentine  reports  can  be  obtained  on  a  highly  refractory  bur- 
den when  only  two-thirds  of  the  coke  is  being  burned  by  the  blast  and  the 
other  third  by  oxygen  from  the  ore.  I  think  we  must  have  more  definite 
and  poutive  information  as  to  the  nature  and  accuracy  of  the  calibration 
of  this  apparatus  before  we  should  be  asked  to  accept  these  figures. 

Karl  NraECSER,*  Youngstown,  Ohio. — Mr.  Valentine's  paper  ae 
presented  is  of  the  most  vital  interest  concerning  the  operation  of  a  blast 
furnace  when  blown  with  a  turbo  blower.  I  regret  exceedingly  that  up 
to  the  present  time  we  do  not  have  sufficient  data  available  to  enable  me 
to  m^e  a  direct  comparison  with  the  results  obtained  by  Mr.  Valentine. 
The  machines  which  the  company  with  which  I  am  employed  is  at  present 
operating  have  not  up  to  the  present  time  been  tested  sufficiently  to  enable 
me  to  give  definite  figures,  but,  from  the  data  which  we  now  have  avail- 
able, it  appears  as  though  the  results  which  we  are  obtaining  will  not  check 
in  several  respects  with  those  as  given  in  the  paper. 

Has  Mr.  Valentine  ever  calibrated  the  constant-volume  governor  as 
furnished  by  the  builders  of  the  blower?  Has  a  Pitot  tube,  or  some 
*  Non-member. 
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fiimilar  standard  device  for  measuring£ur,  ever  been  used,  in  order  to  check 
the  graduation  of  the  regulating  beam  with  the  amount  of  air  actually  be- 
ing delivered  by  the  blower?  It  has  seemed  to  me  that  it  ia  quite  im- 
portant to  carefully  calibrate  the  measurii^  device  as  furnished  with  the 
blower  with  the  machine  actually  operating  under  service  conditions. 
It  seems  to  me  highly  probable  that  the  calibration  furnished  by  the 
builders  of  the  machine  under  test  conditions  may  not  be  accurate  under 
working  loads.  The  calibration  may  be  quite  different  under  actual 
operation  when  blowing  a  blast  furnace. 

It  has  been  our  experience  that  in  many  instances  a  Bu£Scient  correc- 
tion factor  for  the  shp  and  losses  in  a  reciprocating  engine  is  not  assumed 
of  a  proper  value,  and  this  may  account  for  the  figure  obtwned  by  Mr. 
Valentine  as  to  the  amount  of  air  delivered  by  the  engine.  It  is  also 
probable  that  the  amount  of  air  as  figured  for  the  turbo  blower  may  be  in 
error,  even  though  a  calculation  of  the  air  delivered  to  the  furnace  is  made 
from  the  gas  analysis  and  is  found  to  check  within  a  small  per  cent. 

It  is  seen  that  the  calculated  amount  (rf  air  reqmred  by  the  furnace  is 
more  than  that  delivered  by  the  blower,  if  we  accept  the  calibration  of 
the  regulator  as  correct. 

We  have  noted  conditions  where  the  amount  of  air  calculated  from  the 
gas  analyus  does  not  check  with  the  air  delivered  by  the  engine  after 
proper  corrections  have  been  applied  to  the  engine,  and  I  am  therefore  in- 
clined to  question  the  absolute  value  of  checking  the  air  delivered  by 
an  engine  in  this  way,  except  as  a  most  general  indication. 

I  would  like  to  ask  Mr.  Valentine  whether  he  has  made  any  comparison 
of  the  amounts  of  steam  required  per  ton  of  metal  produced  by  the  two 
methods  of  blowing.  It  seems  to  me  that  this  steam  consumption  is  of 
the  utmost  importance  in  any  furnace  plant  where  an  excess  of  steam  can 
be  made  available  for  use  in  power  generation.  From  our  experience, 
it  seems  as  though  the  turbine  will  deliver  very  nearly  the  same  unount  of 
air  per  pound  of  steam  consumed  as  the  reciprocating  engine,  providing 
that  they  are  both  working  at  the  best  vacuums  for  their  respective  de- 
sign. It  is  probable  that  the  turbine  will  consume  slightly  more  steam 
than  the  engine  per  1,000  cu.  ft.  of  air  delivered,  but  we  do  not  have  the 
data  to  state  the  exact  ratio. 

The  type  of  governor  with  which  our  machine  is  equipped  is  the  mul- 
tiple Venturi  tube  of  the  Rateau  design  and  seems  to  give  a  very  constant 
flow.  While  the  Venturi  tube  may  be  an  accurate  means  of  measuring 
air,  we  are  inclined  to  believe  that  the  setting  of  the  regulator  on  this 
governor,  of  whatever  type  used,  should  be  cahbrated  in  place  by  some 
reliable  means  of  measurement,  such  as  the  Pitot  tube  or  throttling  disk. 

Leonard  Waldo,  New  York,  N.  Y. — I  have  lately  had  oceanon  to 
get  air  into  open  hearths  under  varying  pressures,  and  I  have  been  very 
much  troubled  by  the  fact  that,  with  a  guaranteed  pressure  of  120  lb. 
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on  the  mains,  the  pressure  gat^e  of  the  m&in  at  the  open  hearth  showed 
remarkable  facility  in  dropping  down  to  50  and  52,  considerably  less  tlum 
the  pressure  required  for  the  service. 

In  the  case  of  the  turbo  blower,  I  bad  hoped  that  we  had  gotten  some- 
thit^  in  which  the  volume  of  air  bore  some  relation  to  the  pressure,  for, 
after  all,  it  is  not  the  pressure  which  does  the  work,  but  it  is  the  flame  which 
takes  place  through  the  combustion  of  the  fuel,  and  I  think  that  in  the 
minds  of  most  people  who  are  looking  for  air  the  turbo  blow«'  is  the  most 
promising  thing,  if  the  expense  of  the  production  of  the  ur  is  not  too 
^eat. 

The  open-hearth  people  have  a  sl^-ange  faculty  of  traoslatii^  these 
things  into  cost  per  pound  of  compressed  air,  and  the  people  who  put  in 
these  turbo-generator  plants  have  a  habit  of  placing  the  apparatus  clear 
ofC  at  the  end  of  the  building,  and  driving  them  by  belts,  with  the  result 
that  there  is  quite  an  increase  in  the  charge.  The  ur  is  very  nice,  but  it 
costs  like  hot  air  generally  does.  Therefore,  ttiis  paper  is  a  move  in  the 
right  direction,  and  I  sincerely  hope  that  the  turbo  blower  is  gomg  to  be  a 
solution  of  the  very  great  difficulties  confronting  us  in  the  modern  prob- 
lems of  combustion,  in  having  adequate  air  in  the  right  place  at  the  right 
time  and  under  the  right  pressure. 

J.  E.  Johnson,  Jr. — I  do  not  wish  to  take  up  an  undue  amount  of 
time  in  discussing  this  subject,  but  there  is  one  point  raised  by  Mr. 
Nibecker  which  is  very  important;  that  is,  the  probability  that  the 
tiu-bo  blower  takes  more  steam  than  the  reciprocating  blowing  engine. 
It  is  a  more  or  less  open  secret  in  steam-engineeriog  circles  that  from 
boiler  pressure  down  to  atmospheric  pressure  at  least,  the  reciprocating 
engine  is  under  no  disadvantage  as  compared  with  the  turbine  in  regard 
to  economy,  and  a  good  many  cases  are  on  record  where  people  have  gone 
from  turbines  back  to  reciprociatng  engines  in  power  plants  because  they 
could  obtain  just  as  good  economy  and  liked  the  operation  better.  The 
efficiency  of  the  blowing  engine,  mechanically,  is  very  h^h.  Nordberg 
built  some  compressors  which  gave  95  per  cent,  mechanical  efficiency, 
and  I  have  in  my  possession  some  indicator  cards  from  large  blowing 
engines  which  show  92  per  cent.  A  properly  designed  high-speed  blow- 
ing engine  has  a  high  mechanical  efficiency,  and  the  thermodynamic  or 
diagram  efficiency  of  the  air  end  is  also  high,  whereas  the  turbo  blower 
has  an  efficiency  of  only  70  per  cent.,  which  means,  considering  the 
two  efficiencies  together — that  of  the  compressor  and  that  of  the  engine — 
that  the  turbine  must  use  less  steam  than  the  steam  engine  in  the  ratio 
of  70  to  90,  and  it  is  extremely  doubtful  if  it  can  do  this  even  with  high 
vacuum.  It  seems  to  me  that  the  opinion  of  the  Youi^stown  Sheet 
4  Tube  Co.,  that  the  turbo  blower  requires  more  steam  per  unit  of  air 
deUvered  than  good  reciprocating  blowing  engines  such  as  they  have, 
is  probably  correct. 
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Karl  Nibeckbr. — I  would  like  to  aak  Mr.  Valentine  if  be  has  noticed 
any  difference  in  air  pressure  required  at  the  furnace  to  produce  a  given 
amount  of  iron  with  the  turbo  blower  as  compared  to  the  en^e.  I 
have  heard  the  statement  made  that  the  blower  will  produce  the  same 
amount  of  iron  on  less  presaiu'e  than  the  engine,  the  theory  being  that 
the  constant  flow  from  the  rotatit^  machine  will  cause  the  same  amount 
of  air  to  be  delivered  through  the  furnace  with  less  pressure.  If  this 
condition  is  true,  it  should  be  possible  to  blow  a  furnace  with  less  horse 
power  when  a  turbo  blower  is  used  than  with  a  reciprocating  engine. 
This  would  apparently  indicate  less  steam  per  ton  of  iron.  Whether 
this  difference  in  air  pressure  and  work  done  is  enough  to  reduce  the  steam 
consumption  on  the  turbine,  I  am  not  prepared  to  say. 

If  Mr.  Valentine  has  any  data  concerning  the  steam,  it  will  be  of 
conriderable  interest. 

J.  W.  -Richards. — I  would  ask  Mr.  Johnson,  assuming  that  the 
figures  in  Mr.  Valentine's  paper  are  accurate  within  10  per  cent.,  whether 
this  does  not  show  that  this  furnace  was  working  with  an  excess  of  heat 
in  the  hearth  and  a  deficit  in  the  shaft,  and  thus  explain  the  fact  that 
carbon  waa  burnt  economically  in  the  upper  part  of  the  furnace? 

J.  E.  Johnson,  Jr. — I  should  say  it  proves  exactly  the  oppowte. 

Georob  C.  Stone,  New  York,  N,  Y.  (communicstion  to  the  Secre- 
tary*)'.— I  fully  agree  with  Mr.  Valentine's  conclu»on  that:  "The 
turbo  blower  measures  the  volume  of  air  used  with  more  accuracy  than 
the  calculations  based  on  piston  displacement  in  other  types  of  blowing 
engines;  that  as  a  corollary  to  this  most  fmnaces  run  on  reciprocatii^ 
engines  are  udng  less  air  than  they  generally  figure." 

One  reason  for  this  he  appears  to  have  overlooked.  In  sU  of  his 
calculations  the  temperature  of  the  Eiir  is  assumed  to  be  60°  F.  and  its 
weight  0.0763  lb.  per  cubic  foot.  This  is  a  fair  assumption  for  the  air 
in  the  engine  room,  but  the  cylinder,  its  heads,  and  the  piston  are  at  a 
much  higher  temperature,  due  to  the  heat  of  compression;  consequently 
the  air  is  heated  on  entering  the  cybnder,  and  the  latter  is  filled  with  air 
at  a  temperature  considerably  above  60**  and,  therefore,  contains  a  less 
weight  of  air  than  the  calculation  calls  for. 

The  heat  of  compression  is  very  considerable.  Kent  gives  it  as 
follows: 

Gauge  Pressure,  Temperature  of  the  Air, 

Pounds  Decrees  P. 


•  Received  Mar.  2,  1914. 
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The  wdgbt  of  air  alao  varies  considerably  with  its  temperature,  as 


Temperature, 

Weight  of  Air, 

Relative 

DegreesF 

Pounds  per  cu.  ft. 

Weight 

20 

0.08274 

ioa.3 

40 

0.07043 

104.0 

flO 

0.07638 

100.0 

80 

0.07352 

96.3 

100 

0.07090 

92.8 

120 

0.06845 

89.6 

140 

0.06617 

86.6 

The  worst  case  Mr.  Valentine  gives  shows  a  difference  of  only  a  little 
over  6  per  cent,  between  the  engine  ratings  and  the  theoretical.  This 
would  correspond  to  a  temperature  of  the  air  in  the  cylinder  of  about 
90°  instead  of  60".  This  could  readily  be  accounted  for  by  the  heating 
of  the  fur  by  the  piston,  cylinder  walls,  and  ports  when  working  at 
very  moderate  pressures.  This,  I  think,  accounts  for  the  fact  stated  ,in 
bis  corollary.  As  a  further  corollary  it  would  follow  that  the  higher  the 
blast  pressure  the  less  the  wdght  of  air  deUvered. 

A  six-stage  turbo  blower  should  not  be  affected  by  the  heat  of  com- 
pression to  nearly  as  great  an  extent.  As  the  compression  in  the  first 
stage  is  very  slight  the  heat  imparted  to  the  incoming  au-  is  also  very 
slight.  Aside  from  this  the  rating  of  the  turbo  blower  is  based  on  cali- 
bration, which  would  correct  for  errors  due  to  this  cause.  This  probably 
accounts  for  the  more  satisfactory  work  of  the  furnace  with  the  turbo 
blower,  as  the  volume  and  temperature  of  the  air  are  constant  regardless 
of  the  pressure,  wlille  with  a  reciprocating  engine  delivering  a  constant 
volume  the  weight  decreases  with  increased  pressure. 

F.  L.  Gkaumer,  Leesburg,  Va.  (commimication  to  the  Secretary*), — 
In  Mr.  Valentine's  most  interesting  paper  there  is  one  item  of  carbon  loss 
which  he  omits,  as  every  one  has  done  heretofore:  viz.,  the  amount 
blown  out  at  the  downcomer  into  the  dust  catcher.  If  he  makes 
25,000  lb.  of  dust  a  day  and  10  per  cent,  is  coke,  there  are  2,500  lb.  of 
coke  sent  out  of  the  furnace  as  dust,  not  as  CO  or  COi  or  in  pig. 

This  is  a  small  amount  per  ton,  about  11  lb.  per  ton  of  metal,  but 
would  affect  the  final  result  a  little. 

It  would  affect  it  more  in  using  unscreened  coke  from  bells  and  using 
double  bells,  and  where  great  volumes  of  wind  are  employed  with  high 
velocity  of  ^t  of  gas. 

S.  G.  Valentine  (communication  to  the  Secretary  f).— In  reference 
to  the  points  raised  in  this  discussion,  I  would  say  that  a  correction  of 


*  Received  Mar.  28,  1914. 
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the  calculation  of  ajr  from  the  gas  analyses  to  a  temperature  of  60°  F., 
which  was  overlooked,  gives  as  a  result  48  cu.  ft.  of  air  instead  of  45.5 
as  compared  with  the  figures  shown  by  the  blower  calibration  of  41,7. 
This  discrepancy  of  6.3  cu.  ft.  may  be  due  in  part  to  the  gas  analyses 
thereby  giving  high  results,  or  in  part  to  any  error  of  the  calibration 
which  might  give  low  results.  But  even  at  48  cu.  ft.,  taking  the  highest 
figure,  it  appears  that  instead  of  the  131,821  cu.  ft,  of  air  required  to 
burn  all  the  carbon  at  the  tuyferes,  only  103,056  cu,  ft.  of  air  were  needed, 
indicating  that  469  lb.,  or  21.8  per  cent,  of  the  2,147  lb.  of  coke  per  ton 
pig,  were  consumed  in  the  upper  part  of  the  furnace  either  by  action  of 
the  ore  or  by  the  COi  of  the  gas.  To  my  mind  the  economical  coke 
consumption  per  ton  of  pig  still  finds  its  most  hkely  explanation  in  the 
economical  effect  of  direct  reduction  by  carbon.  The  calculations  of 
Dr.  Richards  referred  to  in  the  paper  seemed  to  indicate  that  this  is  a 
fact. 

The  theoretical  amount  of  air  needed  to  bum  a  pound  of  carbon  or 
of -coke  is  easily  figured.  But  in  actual  practice  we  know  very  well  that 
we  do  not  have  to  furnish  this  quantity  for  every  pound  of  coke  chained, 
for  the  simple  reason  that  the  coke  does  not  all  reach  the  hearth  to  be 
burned  by  the  oxygen  of  the  air.  It  is,  therefore,  self  evident  that  any 
rating  of  air  delivery  which  shows  enough  air  blovm  to  bum  every  pound 
of  coke  charged  is  an  excessive  rating.  It  seems,  therefore,  that  in  many 
cases  less  air  is  being  actually  used  than  the  reciprocating-engine  ratings 
would  indicate.  Mr.  Nibecker  states  truly  that  sufficient  corrections  are 
not  generally  used  in  figuring  on  such  air  deliveries.  I  would  add  that 
some  of  the  factors  of  these  corrections  are  difficult,  if  not  impossible, 
to  accurately  determine. 

Relative  to  steam  consumption  by  turbo  blower,  I  cannot  furnish 
any  actual  data.  In  our  practice,  operating  with  the  condenser,  the  in- 
dications are  that  our  steam  consumption  is  not  higher  than  it  would 
be  on  a  reciprocating  engine  of  equal  efficiency.  Naturally,  any  blowing 
engine  must  have  a  sufficient  steam  supply  to  meet  high  furnace  pres- 
sures. The  turbo  blower  automatically  speeds  up  at  such  times,  thereby 
maintaining  the  supply  of  furnace  gas  under  the  boilers  and  therefore 
helping  to  maintain  its  steam  requirements  automatically.  This  is  an 
advantage  to  the  power  equipment  as  well  as  to  the  furnace  itself. 

In  regard  to  the  pressure  required  for  a  given  amount  of  iron  with 
a  turbo  blower  as  compared  to  an  engine,  I  do  not  think  there  is  much 
difference  to  be  noted.  Pressure,  being  chiefly  due  to  the  resistance  of 
the  stock  in  the  furnace,  is  probably  less  variable  under  a  steady  stream 
of  air  than  it  is  under  an  intermittent  or  pulsating  supply  and  might 
possibly  average  lower  under  the  same  furnace  conditions.  The 
fluctuations  of  pressure  shown  by  a  delicate  gauge  are  less  in  the  case 
of  a  turbo  blower  than  they  are  with  a  reciprocating-engine  air  supply. 
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Notes  on  Some  Heating  and  Cooling  Curves  of  Professor  Carpenter's 
Electrolytic  Iron 

Discusaioa  of  the  paper  of  Albert  Sauvecir,  preseated  &t  the  New  York  meeting 

February,  1914,  and  print«d  in  Buiielin  No.  86,  February,  1914,  pp.  254 1«  257. 

H.  C.  H.  Carpenter,*  London,  England. — I  cannot  pretend  to  be 
entirely  uninterested  in  this  paper  but  as  beta  iron  has  had  plenty  of 
discus^on  lately,  I  will  be  as  brief  aa  possible.  The  position  really  is 
this— that  Professor  Benedicks's  theory  that  beta  iron  could  be  ex- 
plained as  a  solution  of  gamma  iron  in  alpha  iron  has  given  rise  to  a 
Dumber  of  researches,  and  although  it  appears  to  me  now  that  the 
tlieory,  at  any  rate  in  the  form  in  which  it  was  put  forth,  is  untenable, 
yet  even  so,  I  think  that  Pri^easor  Benedicks  was  quite  justified  in  his 
original  paper,  because  undoubtedly  the  researches  have  advanced  to 
this  stage. 

It  is  very  (furious  that  there  never  has  been  any  serious  disagreement 
regarding  the  meaning  of  the  Al  and  A3  points.  And  although  in  this 
case  widely  different  apparatus  was  used,  and  apparatus  of  different 
sensitivity,  there  has  been  on  the  whole  very  good  agreement  with 
regard  to  the  results;  but  we  cannot  even  to-day  say  that  that  is  the  case 
with  regard  to  A2. 

I  deare  to  refer  to  a  statement  in  Professor  Sauveur's  paper,  which 
reads  as  follows: 

"On  the  contrary,  if,  more  rationaUy  in  my  opinion,  we  believe  that  an  abrupt 
heat  evolution  on  cooling  and  a  correBpanding  heat  absorption  on  heating,  when 
ocjurrinK  in  a  pure  element  without  change  of  state,  must  be  taken  aa  an  evidence  of 
allotropy,  then  A2  must  be  an  aflotropic  point." 

If  we  test  the  break  on  the  curve  at  A2  by  that  rule,  then  we  are  in 
this  difl&c'ulty— that  Professor  Burgess's  curves  which  were  presented 
at  the  last  meeting  show,  as  I  pointed  out  in  the  discussion,  a  sharp 
break  at  768"  cai  heating—that  is,  at  exactly  the  same  temperature  as 
on  cooling — but  the  direction  of  the  curve  indicated  that  there  was 
either  an  evolution  of  heat  at  that  temperature,  or  else  the  cessation  of 
the  absorption  of  heat,  both  of  which  would  have  the  same  result  on  the 
form  of  curve.  Undoubtedly,  on  cooling  at  Ar2  we  also  have  an  evolution 
of  heat  at  768°.  You  cannot  show,  in  my  opinion,  that  those  things  are, 
strictly  speaking,  reversible;  for  the  whole  criteria  of  allotropic  change 
is  that  you  have  an  evolution  of  heat  on  cooling,  and  if  that  is  so,  it  must 
be  an  absorption  of  heat  on  heating,  but,  as  I  have  just  pointed  out,  it 
is  not  an  absorption  of  heat  on  heating,  at  any  one  point,  but  an  evolution 
or  a  loss  or  cessation  of  the  absorption  of  heat  at  that  point.  But,  as 
was  agreed  upon  by  various  protagonists  in  the  discussion  at  that  meet- 


Digitizecy  Google 


1256  HEATING  AND   COOLING  CURVES 

ing,  there  is  undoubtedly  an  absorption  of  heat  going  on  over  a  lower 
range  of  temperature,  and  in  my  opinion  s  study  of  the  matter  sbovs 
that  fact. 

If  we  look  at  Fig.  2,  we  see  that  the  curve  breaks  away  at  about  680°, 
slopes  to  the  right,  and  there  is  that  movement  at  the  left,  which,  I  take 
it,  correBponds  to  the  absorption  of  heat,  which  extends  from  680°  to 
765°,  or,  roughly  speaking,  from  80°  to  90°.  My  own  results  show  that 
absorption  in  the  same  way.  Indeed,  the  contention  in  London  at  the 
May  meeting  was  that  my  own  curve  showed  what  they  said  it  did  not — 
that  is,  an  absorption  of  heat. 

My  position  is  really  this,  I  am  convinced,  and  I  owe  it  to  this  meeting 
to  say  so,  and  I  owe  it  to  the  subject  as  well — I  am  convinced  that  Pro- 
fessor Burgess  has  made  good  the  discontinuity  in  the  curve  and  has  borne 
out  Professor  Sperry's  results  at  about  768°.  The  interpretation  of  the 
curve  ia  not  yet  clear.  It  does  not  appear  to  be  exactly  the  reverse  of 
the  curve  on  cooling,  because  it  is  not  an  absorption  of  heat.  We 
have  in  that  connection  to  remember  the  recent  work  of  the  Japanese 
writer  Honda,  in  which  his  conclusion,  quite  independent  of  these  papers, 
is  that  the  absorption  of  beat  in  this  range  of  temperatiue  is  connected 
with  magnetic  change.  However  that  may  be,  I  am  convinced  they 
place  the  point  of  discontinuity  of  the  curve  at  about  768°,  and  future 
research  must  show  us  what  is  the  interpretation  to  be  given  to  that 
result. 

Hbnbt  M.  Howe,  New  York,  N.  Y. — This  beta  iron  Osmond  used  to 
call  Decipium,  just  when  you  thought  you  had  found  it,  it  was  not  there. 
The  case  is  somewhat  comparable  to  that  of  the  planets  Neptune  or 
Saturn,  if  either  of  them  were  not  visible.  Suppose  Neptune  were  in- 
visible and  could  not  be  seen,  to  prove  its  presence  would  be  extremely 
difficult,  but  its  presence  would  be  susceptible  of  proof  from  the  pertur- 
bation of  the  other  planets.  In  the  same  way,  this  beta  iron  has  not 
been  isolated — it  may  not  have  been  isolated,  and  it  may  not  be  possible 
to  isolate  it,  but  we  accept  the  evidence  of  its  presence  from  the  pertur- 
bations which  it  causes  in  all  sorts  of  phenomena.  The  two  str<»ig 
perturbations  difficult  to  understand  on  any  theory  other  than  the  ex- 
istence of  beta  iron,  are  the  excessive  hardness,  and  the  transition  form 
between  gamma  iron  and  alpha  iron.  No  matter  bow  you  arrive  at  that 
transition  form,  you  have  arrived  at  that  transition  form  by  cooUng 
rapidly,  so  as  to  catch  the  metal  in  transit  between  gamma  and  alpha, 
and  you  get  extreme  hardness.  That  is  the  way  we  get  our  hard  cutting 
tools,  and  we  get  the  extreme  hardness  of  hardened  steel.  If,  on  the  other 
hand,  you  bring  about  that  intermediate  state  of  an  intermediate  degree 
of  carburization — if  you  take  soft  nickel  steel  and  carburize  it  part  way 
toward  the  gamma  state,  you  get  it  intensely  hard,  and  if  you  carburize 
it  further  and  get  it  over  into  the  gamma  state,  it  becomes  soft  again; 
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that  is  to  say,  whatever  way  you  bring  it  about,  if  you  catch  the  material 
between  gamma  and  alpha,  it  is  much  harder  than  either  gamma  or  alpha, 
and  it  is  so  much  harder  that  it  is  difficult  to  explain  it.  It  is  not  im- 
possble,  but  it  is  difficult  to  explain  it,  and  the  explanation  seems  to 
be  that  that  extra  hardness  is  simply  due  to  the  solution  of  gamma  in 
alpha. 

It  is  difficult  to  understand  why  the  solution  of  gamma  in  alpha  should 
be  so  much  harder  than  either  gtuuma  or  alpha-gamma  iron  itself  is  a 
solution  of  cementite  in  gamma  iron  as  we  know  it—when  we  dissolve 
further  alpha  iron  in  that  solution,  according  to  Professor  Benedicks — 
and  the  reason  why  these  intermediate  states  are  harder  than  gamma 
iron  is  that  alpha  iron  is  dissolved  in  what  was  a  solution;  that  is  to  say, 
starting  in  with  a  solution  of  cementite  in  austentite,  and  disserving  into 
that  solution  alpha  iron,  we  must,  to  explain  that  theory,  dissolve  alpha 
iron  in  that  solution  and  we  must  increase  the  hardness  of  the  scJution — 
I  think  it  is  easier  to  believe  and  more  natural  to  believe,  and  after  all 
we  take  theories  which  are  easier  and  more  natural — more  harmonious 
with  the  general  aspect  of  nature— it  is  easier  to  believe  that  that  extra 
hardness  is  due  to  the  presence  of  this  perturbed  condition  in  beta  iron, 
than  to  suppose  it  is  mmply  due  to  the  solutiou  of  alpha  iron  into  a 
softer  material,  into  a  solution  which  already  existed. 

George  K.  Bdbggbs,  Washington,  D.  C.  (communication  to  the 
Secretary*). — I  am  glad  to  see  that  Professor  Sauveur  has  thought  it 
worth  while  to  examine  with  a  recording  apparatus  the  heating  and 
cooling  curves  of  pure  iron  and  to  note  that,  using  a  furnace  supplied 
with  direct  current,  he  substantially  confirms  the  results  obtained  by 
Mr.  Crowe  and  myself  using  aliematijig  current  heating  and  also  gas 
heating.* 

We  have  since  had  the  pleasure  of  demonstrating  to  Professor  Car- 
penter, cm  the  occasion  of  his  recent  visit  to  the  Biueau  of  Standards, 
with  a  0.4-g.  sample  of  his  electrolytic  iron,  the  independent  existence 
and  location  of  A2  and  A3  both  on  heating  and  cooling. 

It  appears,  therefore,  to  be  abundantly  proved  to  the  satisfaction  of  all 
who  have  recently  partaken  in  the  experimental  work  on  the  subject,  that, 
as  Professor  Sauveur  states,  "The  existence  of  A2  in  pure  iron  as  an 
independent  point  is  no  longer  a  debatable  question." 

Pbofbssob  Henhy  Le  Chatblibb,  Paris,  France  (communication 
to  the  Secretaryt). — I  beg  to  offer  the  following  observations  on  the  paper 
of  Professor  Sauveur: 

1.  The  suggestion  of  Professor  Benedicks,  that  the  electric  heating 

■  Received  Mar.  23,  1914. 

I  BvOain  No.  82,  Oct.,  1913,  p.  2537,  and  No.  84,  Deo.,  1913,  p.  2870. 
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of  furnaces  may  play  a  certain  part  in  the  development  of  the  point  A2, 
deserves  experimental  test.  It  certainly  does  not  permit  an  absolute 
denial  of  the  existence  of  the  thermal  phenomenon,  for  this  is  equally 
proved  in  cooling,  during  which  there  is  no  electric  current  at  all.  It 
is,  however,  perfectly  logical  to  admit  that  the  disappearance  of  eoei^ 
due  to  the  loss  of  mf^netism  in  an  electric  field  may  liberate  a  certMO 
quantity  of  heat.  It  would  be  necessary  to  compare  the  cooling  of  the 
same  sample  inclosed  in  a  tube  cooled  on  the  outside  by  circulating 
water,  and  surrounded  by  a  solenoid  permitting  or  preventing,  at  the 
will  of  the  operator,  the  passage  of  the  current,  which  would  then  pro- 
duce no  thermal  effect  upon  the  sample,  by  reason  of  the  intervening 
envelope  of  water. 

2.  I  feel  it  a  duty  to  repeat  here,  what  I  have  often  said  already,  that 
the  point  A2  cannot  be  r^arded  as  marking  anything  like  a  change  of 
allotropic  state.  The  change  at  A2,  which  exists  in  all  ferro-magnetic 
bodies,  differs  from  allotropic  changes  in  being  continuous,  exactly  like 
the  progressive  change  of  the  properties  of  molten  sulphur.  It  is  de- 
monstrated in  a  certain  way  for  nickel,  by  the  measure  of .  dilatation. 
Moreover,  the  change  is  almost  rigorously  reversible }.  there  is  no  notable 
retardatiim  in  the  transformation,  ascending  or  descending,  while  the 
transformation  A3  and  all  the  allotropic  transformations  suffer  retarda- 
tions which  are  sometimes  enormous. 

StB  RoBBHT  Hadfibld,  Loodon,  England  (communication  to  the  See-' 
retary*).*— I  have  read  with  much  interest  Professor  Sauveur's  paper. 
Notes  on  Some  Heating  and  Cooling  Curves  of  Professor  Carpenter's 
Electrolytic  Iron,  and  while  regretting  not  being  able  to  support  the  con- 
elusions  presented  from  the  allotropist's  point  of  view,  yet  I  trust  the 
following  statements  may  be  of  service  in  helping  to  elucidate  the  prob- 
lems referred  to.  The  reasonable  and  moderate  expresmons  of  opinion 
so  ably  presented  by  Professor  Sauveur  show  that  he  is  willing  to  try 
to  look  fairly  at  both  sides  of  this  important  subject. 

Althoti^h  the  paper  is  only  a  brief  one,  yet  the  curves  shown  in  it  are 
of  considerable  interest,  and  raise  what  may  be  termed  momentous 
questions. 

Although  mention  is  not  made  of  the  exact  composition  of  the  electro- 
lytic iron  experimented  upon — for  example,  was  it  free  from  hydrogen, 
as  no  doubt  it  was,  and  assuming  that  it  was — we  have  then  to  consider 
that  the  material  in  question,  representing  pure  iron,  shows  a  change 
point  at  that  part  of  the  heating  or  cooling  curve  known  as  the  A2 
point,  which  Professor  Sauveur  oon^dera,  as  I  understand,  represents  an 
allotropic  change  in  the  iron. 

On  the  other  band.  Dr.  G.  K.  Burgess  and  J.  J.  Crowe,  in  the  last 

•  Received  Mar.  27,  1914. 
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paragraph  of  their  reply  to  the  discus^on  on  their  paper,  The  Critical 
Ranges  A2  and  A3  of  Pure  Iron,  read  before  this  Institute  in  October, 
1913,  state  that  if  the  A2  point  could  be  proved  to  be  due  entirely  to  the 
magnetic  change  point,  then  it  would  appear  that  beta  iron  could  not 
exist. 

If  the  recent  work  by  Prof.  K.  Honda  on  Transformations  of  Iron 
and  Steel  at  High  Temperatures,  which  appeared  in  the  Science  Reports 
of  the  Tokyo  Imperial  University,  is  correctly  understood,  this  very 
demonstration  seems  to  have  been  achieved.  Professor  Honda  clearly 
Btates  in  the  research  just  mentioned  that  the  A2  point  is  due  to  disen- 
gagement of  heat  associated  with  the  magnetic  change.  His  words  are 
as  follows: 

"\nth  a  reSiied  method  of  meaBuremeDt  it  wu  found  that  in  iron,  nickel 
sod  cobalt  at  the  magnetic  troneformation,  a  distinct  heat  evolution  took  place. 
The  heat  evolution  extended  over  a  wide  interval  of  temperature.  With  iron, 
steel,  and  nickel,  the  transformation  is  accomplished  with  a  low  intensity  of  field  in 
a  small  interval  of  temperature,  the  interval  increasing  ^itb  rising  field  intensity. 
The  author  [Profeesor  Honda]  therefore  arrives  at  the  conclusion  that  in  pure  iron 
only  two  states,  alpha  and  gamma,  occur.  The  magnetic  transformation  hitherto 
termed  alpha  to  beta  is  not  a  true  phase-transformation,  but  a  change  of  property  as 
(he  result  of  temperature.     Nickel  and  cobalt  have  only  a  single  state  in  the  solid." 

Does  not  this,  therefore,  rather  answer  Professor  Sauveur's  very  fair- 
minded  comments,  when  he  aays: 

"If  it  be  insisted  that  an  allotropio  point  necessarily  implies  a  crystal lographio 
change,  or,  in  other  words,  that  polymorphy  and  allotropy  are  synonymous,  then 
it  may  be  claimed,  with  reason,  that  A2  is  not  an  allotropic  point,  since  crystal- 
I<^rsphio  differences  between  beta  and  alpha  iron  have  never  been  discovered"? 

It  is  true  he  adds  that: 

"On  the  contrary,  if,  more  rationally  in  my  [Professor  Sauveur'sl  opinion,  we  be- 
lieve that  an  abrupt  heat  evolution  on  cooling  and  a  corresponding  heat  absorption  on 
beating,  when  occurring  in  a  pure  element  without  change  of  state,  must  be  taken  as 
sn  evidence  of  allotropy,  then  A2  must  be  an  allotropio  point.  Are  not  such  ther- 
mal disturbances  due  to  spontaneous  changes  of  internal  energy  necessarily  caused 
by  molecular  changes;  i.e.,  in  the  absence  of  change  of  state,  by  allotropio  changes?" 

It  seems  to  me  that  Professor  Honda  has  answered  Professor  Sauveur's 
question.  Therefore,  it  appears  to  me  most  positively  proved  that  the 
.42  change  is  not  a  de&nite  evidence  of  an  allotropic  point. 

It  must  not  be  forgotten  that  those  who  have  been  unable  to  accept 
the  allotropic  theory  have  had  to  question  and  contest  the  following 
statement: 

"I  conclude  that  hardened  steel  owes  its  properties  principally  t«  the  presence 
of  beta  iron,  which  is  hard  and  brittle  by  itself  at  the  ordinary  temperature." 
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The  above  ia  not  a  statement  by  one  of  no  importance.  It  is  a  clear 
and  definitely  presented  statement  by  one  of  our  greatest  masters  d 
metallm^,  the  late  M.  Osmond,  whom  we  all  respected.  While  allo- 
tropists  have  made  certain  changes  in  the  theoretical  presentation  of  their 
case,  yet,  as  it  is  generally  miderstood,  those  representing  this  line  of 
thought  still  clum  the  above. 

Probably  some  of  this  trouble  has  arisen  for  the  reasons  pointed  out 
by  Professors  Edwards  and  Carpenter  in  their  interesting  paper  on  The 
Hardening  of  Metals,  being  read  before  the  Iron  and  Steel  Institute  at  the 
May  meeting  this  year,  namely,  that  "At  a  later  period  it  was  con- 
mdered  by  Osmond,  Roberts-Austen,  and  others  who  took  up  the  views  of 
the  so-called  allotropists,  that  the  Ar2  point  was  quite  distinct  from  the 
Ar3  point,  and  they  came  to  regard  the  Ar2  point  as  correspondii^  to  an 
allotropic  inversion  of  the  iron."  Then,  as  these  two  gentlemen  point  out, 
"  From  that  time  onward,  the  beta  theory  as  it  is  applied  to  the  hardening 
of  steels  really  became  an  entirely  different  theory,  but  unfortunately  the 
same  nomenclature  was  retained." 

If  allotropists  would  only  define  more  clearly  what  is  really  now 
meant,  it  would  be  very  helpful.  There  are,  however,  many  different 
points  of  view  among  the  allotropists.  I  do  not  mean  to  say  for  one 
moment  that  the  carbonists  can  offer  a  clear  solution  of  the  problem,  but 
the  latter  seem  to  me  to  come  more  nearly  to  the  facts  and  phenomena 
noticed  in  the  hardening  of  steel. 

Incidentally,  the  following  may  be  of  interest:  It  may  not  now  1* 
remembered  that  it  was  probably  owing  to  certain  views  expressed  in  my 
first  paper  on  Manganese  Steel,  read  in  1888,*  that  an  allotropic  theor>- 
exists  to-day.  In  my  original  paper  referred  to,  I  made  the  f<^owinE 
statement,  under  the  section  beaded  "  Influence  of  Carbon  upon  Manga- 
nese and  Iron" : 

"If  manganese  were  the  sole  cause  of  the  hardness  noticed,  it  would  naturally  ^ 
supposed  that  the  ^tter  would  be  much  harder;  this  however  is  not  so,  aod  the  appar- 
ent anomaly  occurs  that  when  the  percentage  of  iron  (Fe),  known  to  be  a  soft  metal, 
diminishes,  and  ia  replaced  by  the  supposed  harder  metal  manganeae  (Mn),  the  hard- 
ness of  the  alloy  decreases.  This  seems  to  prove  that  manganeae  must  not  be  con- 
sidered as  the  sole  influence  or  cause  of  hardness.  Even  in  those  spetamens  eontainini; 
as  high  as  20  per  cent.  Mn,  and  in  which  fuj-ther  modlGcatioiiB  mKf  occur  to  oufflplicate 
the  question  owing  to  the  carbon  reaching  higher  amounts,  1.5  to  2  per  cent.,  the  hard- 
ness is  less  than  that  of  the  4  per  cent.  Mn  steel  in  its  cast  state. 

"That  iron  [Fe]  itself  is  a  soft  metal  is  well  known,  butitis  worthjrof  oonudenttioD, 
at  any  rate,  whether  it  poBsegses  the  power  of  becoming  intensely  hard,  either  by  aonte 
peculiar  form  of  crystalliKation,  as  discussed  further  on,  or  owing  to  its  formine 
certain  combinations  or  alloys.  In  other  words,  whereas  the  bardness  of  st«e)  h»s 
hitherto  been  entirely  attributed  to  the  bodies  present  in  much  smaller  proportions  a^ 
compared  with  the  iron,  may  it  not  be  possible  that  the  part  played  by  iron  (Fe)  ih 


>  PnwMifNt^  qf  tiu  InitUvtion  of  Cipil  Engitutn,  vol.  xdii,  pp.  72,  73  (18S7-8S1. 
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equally,  if  Dot  more,  important,  perhspe  owing  to  some  change  of  form  of  the  iron 
itself  not  hitherto  auepeoted,  aa  in  the  case  of  the  intenseiy  hard  4  per  cent,  manganese- 
steel,  where  oarbon  cannot  possibly  be  the  cause,  and  where  manganese  would  not 
appear  to  be  the  sole  causef  ...  It  consequently  beoomee  mora  important  to 
ascertain  whether  the  manganeee  itself  causes  the  hardnesa  in  this  steel,  or  is  only  a 
means  wheraby  iron  is  caused  to  take  this  nature." 

Id  the  paper  entitled  Iron  Alloys  with  Special  Reference  to  Manganese 
Steel,*  it  will  be  noticed  that  I  had  already  taken  up  a  new  modified  line  of 
thought  as  compared  with  that  suggested  in  1887-88. 

Now  why  was  it  I  abandoned  the  theories  advanced,  it  should  be  re- 
membered, so  far  back  as  18887  My  reply  is  that  in  the  first  place  I 
foimd  that  some  of  the  beliefs  then  expressed  were  founded  on  data 
which  at  the  time  appeared  to  be  correct.  I  afterward  found,  however, 
that  as  regards  the  determination  of  the  carbon  perceatages  actually 
present  in  one  or  two  of  the  specimens  upon  which  I  based  certain 
conclusions,  the  analy&t  bad  underestimated  the  percentage  present. 
That  is  to  say,  the  carbon  percent^es  were,  oy  more  correct  modern 
analytical  methods  used  for  determining  carbon  in  alloy  steels,  found  to 
be  considerably  higher,  that  is  relatively  to  the  smaller  amounts  present, 
0.4  to  0.5  per  cent.,  instead  of  about  0.3  to  0.4  per  cent.,  as  then  estimated. 
The  increasing  and  rapid  influence  of  carbon  over  0.35  per  cent,  is  well 
known.  Consequently,  with  corrected  figures  before  me,  some  of  the 
original  remarks  did  not  hold  good,  and  the  disregard  of  the  inSuence  of 
certain  somewhat  higher  percentages  of  oarbon  had  been  too  much. 

Singular  to  say,  Sir  W.  C  Roberts-Austen,  in  contributing  to  the 
discussion  on  my  paper  in  1888,  said  "  he  thought  that  the  autbw  bad  a 
little  imder-rated  the  influence  of  the  small  amount  of  carbon  which  the 
manganese  iron  contained."  In  other  words,  this  scientist,  although 
afterward  a  strong  allotropist,  mentioned  the  very  point  I  and  others 
have  BO  strongly  emphasized:  namely,  that  we  have  arrived  at  the  con- 
clusion that  it  is  rather  to  the  influence  of  the  carbon  present  than  to  any 
allotropic  change  in  the  form  of  the  iron  present,  that  we  must  look  for 
the  correct  explanation  of  the  many  peculiarities  met  with  in  steel  and  its 
alloys.  As  time  passes,  I  am  still  more  convinced  of  the  correctness  of 
our  attitude. 

It  should  not  be  overlooked  that  your  distinguished  metallurgists, 
Mr.  Metcalf  and  Professor  Langley,  in  1893  read  a  paper  before  the 
American  Society  of  Civil  Engineers,  vol.  xxvii,  p.  382,  in  which 
they  gave  a  brief  statement  of  the  carbon  theory  of  hardening,  to  which 
paper  the  reader  is  referred  for  fuller  information.  Briefly,  their  state- 
ment was  that  carbon  alters  the  molecular  aggregation,  and  the  resultii^ 
strained  grouping  is  brought  about  within  certain  temperature  limits; 

•  Tratu.,  xxiii,  148  (1893). 
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also  molecular  stresses  are  set  up,  which  produce  hardness  in  a  similar 
manner  to  that  of  cold  working. 

This  view  has  been  further  elaborated  in  a  most  important  paper  by 
A.  McCance,  B,  Sc,  A.  R.  S.  M.,  entitled  A  Contribution  to  the  Theory 
of  Hardening,  to  be  read  before  the  Iron  and  Steel  Institute  at  the  May, 
1914,  meetii^.  The  writer  considers  this  one  of  the  most  important 
contributions  to  the  metallurgical  world  on  this  subject.  It  is  theref(«% 
doubly  of  interest  to  find,  to  use  the  words  of  the  late  respected  Mr. 
Metoalf  and  Professor  Langley,  that  hardening  is  the  result  of  molecular 
stresses,  which  produce  hardness  is  a  similar  manner  to  that  of  cold  work- 
ing.   In  this  paper  by  Mr.  McCance  it  is  stated: 

"  Baaed  on  the  experimental  work  of  Curie,  the  electronic  theory  of  magnetism  was 
fint  put  on  asoundbasiBby  Langevin,  and  has  since  owed  most  of  its  development  b> 
WeiBS.  Every  atom  is  supposed  to  have  a  definite  field  of  its  own,  caused  by  its 
internal  system  of  revolving  electrons,  aad  under  the  action  of  an  external  field  the 
molecules  (or  atomic  aggregates)  tend  to  set  themselves  all  in  one  direction,  giving 
rise  to  a  definite  intenaity  of  magnetism  which  is  the  total  effect  of  all  the  molecular 
magnets  in  the  subat&nce  added  together.  In  gaees  and  liquids  they  aire  prevmted 
from  all  turning  in  the  one  direction  by  forces  and  collisions  depending  on  the  tnins- 
lational  veloirity,  and  in  solids  other  forces  which  may  be  called  'crystalline'  forees 
come  into  play.  Instead  of  prevuiting  the  molecules  from  turning  round  under  the 
action  of  an  external  field,  these  crystalline  forces  may  actually  assist  them  to  tuni, 
and  it  has  been  conjectured  that  this  is  the  special  action  which  goes  on  in  theeo- 
called  'ferro-magnetic'  bodies,  which  ate  bodies  like  iron  that  become  strongly  mag- 
netic under  weak  external  fields.  As  on  heating  a  liquid,  when  a  temperature  ia 
reached  at  which  the  forces  between  the  molecules  become  insufficient,  the  bquid 
becomes  a  vapor,  the  forces  causing  fnro-magnetJam  gradually  become  inoperative 
on  heating  until  a  temperature  is  reached  at  which  they  disappear  rapidly  and  the 
body  becomes  non-magnetic.  .    .    . 

"In  iron,  then,  the  property  of  loss  of  magnetism  cannot  be  used  as  a  proof  of 
allotropy — it  is  no  sudden  transition,  but  an  effect  depending  only  on  temperature,  . 

"Accompanying  every  alteration  in  the  magnetic  intensity,  there  ia  a  ruiatioD 
in  the  specific  heat,  .  .  .  proportional  to  the  rate  of  (diange  of  the  square  of  mag- 
netic intensity  at  any  temperature,  and  it  has  a  maximum  value  always  at  a  tempera- 
ture slightly  below  the  magnetic  transition  temperature.  ...  It  begins  gradually 
and  rises  to  a  maximum  at  about  760°  C.  for  pure  iron,  becoming  sero  as  the  iron 
becomea  non-magnetic;  and  the  important  point  ia  that  this  change  in  the  specific 
heat  cannot  be  distinguished  in  a  cooling  curve  from  a  true  absorption  of  heat  due  to 
an  allotropic  change.  In  the  author's  opinion  this  confusion  has  actually  taken 
place  at  the  Ac2  point  in  iron.  The  variation  is  quite  large  enough  t«  account  for  all 
the  thermal  change,  and  the  gradual  character  of  the  Ac2  point  is  entirely  in  accordance 
with  this  nature. 

"...  The  temperature  at  which  the  non-mi^netic  condition  commences  has 
no  connection  with  the  true  allotropic  ranges,  and  takes  plaoe  quite  independently  of 
them—thus  pure  iron  )>ecomeB  paramagnetic  at  820°  C.  (Curie),  which  is  100°  below 
the  Ac3. 

"There  is  this  great  difference  between  a  pseudo-change  point  caused  by  a  sudden 
change  in  the  specific  heat  and  a  true  liberation  of  heat  caused  by  allotropy.  When 
the  temperature  ia  rising  very  slowly,  the  effeot  due  to  spedfio  heat  is  masked  in  a 
differential  heating  curve,  since  the  difference  measured  by  the  differential  galva- 
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□ometer  is  proportional  to  the  product  of  the  rate  of  heatiag  and  the  spedfio 
heat.  With  a  true  thermal  change  point,  however,  the  amount  of  heat  liberated  is  inde- 
pendent of  the  rate  of  heating. 

"The  Bharpneas  of  the  A2  point  is  much  less  on  heating  than  on  cooling,  ...  as 
the  ohaoge  ia  more  gradual  when  approached  from  the  low  temperature  side  than 
from  the  high  temperature  side. 

"The  failure  of  Carpenter  to  notice  the  Ac2  point  in  pure  iron,  must  be  ascribed 
to  the  nature  of  the  change  being  as  above  described.  .    .    . 

"Theproblemof  beta  iron  is  thus  reduced  to  a  very  Nmple  one,  and  without  making 
any  assumptions  regarding  the  nature  of  alpha  or  gamma  iron,  while  taken  with  the 
evidence  produced  by  other  experimenters,  the  conclusion  is  undeniable  that  beta 
iron  as  a  separate  allotropio  modification  has  no  existence,  since  it  is  merely  alpha 
iron  which  has  lost  the  properties  of  ferro-magnetism." 

Professor  Weiss  believes  that  by  the  electrical  disposition  of  what  be 
theoretically  terms  "magDetons"  he  is  able  to  offer  more  satisfactory 
explaoations  of  magnetic  phenomena  than  by  any  other  theories.  He  also 
appears  to  consider  that  the  increase  of  magnetons,  with  their  important 
bearing  upon  magnetic  properties,  is  independent  of  allotropic  and 
perhaps  even  chemical  modifications,  of  the  metal  under  examioatioo. 
I  have  dealt  with  this  more  fully  in  the  joint  paper  by  Professor  Hopkin- 
son,  F.  R.  S.,  and  myself,  to  this  Institute,' 

Carl  Beneoicks,*  Stockholm,  Sweden  (communication  to  the 
Secretaryf). — I  quite  agree  with  the  author  in  laying  stress  on  "a  sub- 
stantial foundation  of  experimental  facta."  However,  I  have  the 
impression  that  this  foundation  is  not  very  much  consolidated  by 
repeating,  apparently  with  less  accuracy,  or  at  least  with  no  greater 
accuracy,  than  by  previous  workers,  exactly  the  same  style  of  experi- 
ments— however  interesting  in  themselves.  From  Professor  Carpenter's 
and  from  Dr.  G.  K.  Burgess  and  J.  J.  Crowe's  important  work,  we  know 
that  occluded  gaSes  have  the  effect  of  rendering  the  thermal  changes  in  the 
A2  region  much  more  considerable  than  they  are  when  the  gases  are 
removed.  Professor  Sauveur's  curves  show  an  evolution  of  heat,  or 
absorption,  at  A2,  which  in  comparison  with  that  at  A3  is  much  more 
considerable  than  in  Professor  Carpenter's  or  in  Messrs.  Burgess  and 
Crowe's  curves,  and  we  find  no  indications  how,  or  even  if,  the  gas  con- 
tent, 80  important  for  the  thermal  irregularity  at  A2,  was  lowered. 

As  for  increasing  the  experimental  foundation  of  our  allotropy  views, 
the  writer  considers  it  more  appropriate  to  repeat  earlier  experiments 
with  an  accuracy  much  higher  than  that  formerly  used.  This  is  the 
reason  why  the  writer,  likewise  on  iron  kindly  supplied  by  Professor 
Carpenter,  lately  has  repeated  the  dilatation  work  of  Svctlelius,  Le 
C'hatelier,  Charpy  and  Grenet  (and  Broniewski),  using  a  compensation 
method  which,  owing  to  special  arrangements,  gave  a  sensibility  about 

*  Bulletin  No.  87,  March,  1914,  pp.  613  to  530. 

*  Non-member.  t  Received  Apr.  2,  1914. 
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1,000  times  greater  than  that  used  at  the  work  of  the  last-named  authors. 
Simultaneously,  on  the  same  material,  magnetometric  and  magneto- 
strictional  measurements  were  carried  out.  The  result,  which  might 
interest  Professor  Sauveur,  is  that  there  is  nO'(  the  slightest  trace  of  discon- 
tinuity at  A2.  If  there  is  a  discontinuity,  it  is  quite  surely  less  than  three- 
thousandths  of  the  discontinuity  at  A3.  Even  the  continuous  length 
decrease  which  was  found  to  occur  tc^ether  with  the  disparition  (rf  the 
ferro-magnetism,  and  which  is  a  necessary  effect  of  magnetostriction,  is  a 
rather  weak  one. 

Until  some  still  more  fundamental  work  is  published  than  J.  Wiilard 
Gibbs's  papers  on  the  Equilibrium  of  Heterogeneou83iibstances,wemiiBt 
consider  this  phase  rule  as  a  reliable  standard.  In  ordertoprove  that  an 
aliotropic  point  occurs  at  a  definite  temperature,  according  to  Gibbs's 
theory,  it  is  a  necessary  condition  to  prove  that  two  phases  occur  at  that 
temperature.  This  is  done  by  proving  that  a  real  discontinuity  occurs  in 
the  propertiee  of  the  substance  at  a  definite  temperature,  at  least  in  a 
single  case.  It  is  not  in  harmony  with  Gibbs,  and  too  narrow,  to  select 
as  a  criterion  the  property  of  crystallization,  as  was  proposed  by  Messrs. 
Burgess  and  Crowe  in  their  important  paper.  Any  property  ia  to  be 
accepted  as  proof  of  allotropy  point,  provided  it  gives  a  clear  discon- 
tinuity; that  is  to  say,  two  different  values  of  the  property  at  one  and  the 
same  temperature.  Now,  no  such  discontinuity,  in  the  strict  sense  of 
the  word,  has  ever  been  proved  to  occur  at  A2,  and  since  the  dilatation 
experiments,  denoted  by  Messrs.  Burgess  and  Crowe  as  so  important  ts 
to  have  a  crucial  bearing,  have  been  found  not  to  give  the  slightest 
discontinuity,  we  may  be  very  sure  in  concluding  that  A2  is  not  an 
aUotropic  point. 

Ihavesomeslighthope  that  Professor  Sauveur  will  jujlgeofthewriterV 
theory  somewhat  more  favorably  than  as  yet,  after  reading  the  paper 
which  the  writer  has  prepared  for  the  Iron  and  Steel  Institute's  spring 
meeting.  Therein  are  also  to  be  found  some  reliable  measurements  on 
ferro-magnetic  mixtures  (magnetite,  iron,  nickel)  giving  an  experimental 
support  to  the  writer's  attempt'  to  explain  the  fact  that  the  disparition  of 
ferro-magnetism  occurs  at  a  much  lower  temperature  than  the  aliotropic 
transformation  point,  A3. 

N.  Belaiew,*  St.  Petersburg,  Rus^a  (communication  to  the  Secre- 
taryt)- — The  few  remarks  I  have  to  add  to  the  most  valuable  and 
instructive  paper  of  Professor  A.  Sauveur  are  in  relation  to  the  crystaJUiza- 
tton  phenomena  in  iron-carbon  alloys.  Let  us  consider  the  so-called 
Widmanstattian  structure  with  its  characteristic  sharp,  straight  lines: 
the  first  look  at  such  a  specimen  leads  us  to  the  idea  that  a  sudden  pro- 

»  Joamal  of  the  Iron  and  Sled  ImlUui*.,  vol.  liccicvii  (1913,  I),  p.  334. 
•  Non-member.  t  Reoeived  Apt.  II,  1914, 
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cipitaUon  of  a  proeutectoid  element  (ferrite  <k  oementite)  took  place; 
but  if  the  ciystallizatioD  occurred  suddenly  the  allotropic  change  must 
also  be  a  sudden  one  and  not  a  gradual  one,  covering  a  wide  range  of 
temperature,  as  Frofeflsor  Benedicks  argued. 

On  the  other  hand,  the  same  crystalUzattOB  pbenomeaa  show  me 
only  two  distinct  crystallographic  bodies — the  gramma  iron  and  the 
alpha  iron.  The  first  (Fey)  is  related  to  the  structure  of  austenite — 
the  "granula"  or  austenite  grains;  the  second,  with  thepearlite  grains. 
The  network  of  the  proeutectoid  element  shows  us  the  first;  the  pearlite 
lamellsB,  the  second. 

To  express  myself  quite  clearly,  I  say  that  only  between  gamma 
and  alpha  iron  is  there  a  sharp  crystallc^aphic  difference  to  be 
detected;  in  other  words,  gamma  and  alpha  iron  are  polymorphous 
bodies.  But  in  my  opinion  different  allotropic  modifications  do  not 
necessarily  imply  a  crystallographic  change.  From  this  point  of  view, 
not  the  crystallography  of  the  studied  modifications,  but  the  change  of 
iatemal  energy,  must  be  considered  as  the  strongest  proof  of  allotropy. 
As  to  this  change,  it  is  made  clear  principally  by  the  heat  evolution  or 
absorption  and  we  have  to  study  these  on  our  cooling  curves. 

The  author's  researches,  as  well  as  those  of  Dr.  G.  K.  Burgess  and 
J.  J.  Crowe,  show  us  quite  unmistakably  that  in  pure  iron  A2  exists, 
always  as  an  indepeTtdent  point. 

This  conclusion  is  very  important  and  the  reported  curves  are  highly 
instructive,  and  I  hope  that  everybody  "before  abandoning  Osmond's 
theory,  so  satisfying  because  so  simple  and  rational,"  will  seriously  and 
attentively  study  the  paper  of  Professor  Sauveur. 

Ai^EBT  Sauveur  (communication  to  the  Secretary*). — ^I  am  ap- 
preciative of  the  interesting  and  important  discussion  of  my  paper 
contributed  by  so  many  distinguished  authorities.  It  is  a  great  pleas- 
ure to  find  myself  in  substantial  agreement  with  Professors  Carpenter 
and  Howe  withCaptwnBelaiewandDr.  Buigess.  Professor  Carpenter, 
however,  is  not  yet  convinced  that  the  A2  point  marks  a  reverable  trans- 
formation, and,  on  that  ground,  he  would  question  its  allotropic  char- 
acter. I  find  it  difficult  to  follow  his  contention  that  the  thermal  distur- 
bances at  A2  indicate  an  evolution  of  heat,  both  on  heating  and  cooling. 
This  seems  quite  inconceivable  to  me,  for,  thermodynamically  speaking, 
such  a  phenomenon  would  be  in  the  nature  of  perpetual  motion. 

Certainly  Professor  Howe's  statement  that  it  is  easieraud  more  natural 
to  believe  that  the  extreme  hardness  produced  by  preventing  the  complete 
transformation  of  iron-carbon  alloys  is  due  to  the  retention  of  a  transition 
form  of  iron  between  the  gamma  and  the  alpha  state  rather  than  to 
ascribe  it  to  a  solution  of  alpha  iron  in  gamma  iron,  or  rather  in  austenite 

•  Baoeived  Apr.  13,  1914. 
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(itself  a  solution  of  the  carbide  FeaC  In  iron),  cannot  be  disputed.  We 
should  resist  unnecessary  complications  in  scientific  theories.  Ag  Profef^ 
sor  Howe  well  puts  it,  the  theories  which  should  most  ap[>eal  to  us  are 
those  which  are  more  "  harmonious  with  the  general  aspect  of  nature." 

Professor  Benedicks  contends  that  the  oooling  curves  of  Professor 
Carpenter's  electrolytic  iron,  reproduced  in  my  paper,  add  no  informa- 
tion of  value  to  the  present  controversy,  because  they  were  determined 
with  leas  accuracy,  or,  at  least,  with  no  greater  accuracy,  than  similar  curves 
taken  by  Dr.  Burgess.  While  I  am  quite  willing  to  grant  his  claim,  I 
had  hoped  that,  in  view  of  the  fact  that  a  direct  current  was  used  for  beat- 
ing the  iron,  my  curves  would  have  been  considered  as  having  some 
significance,  owing  to  Professor  Benedicks's  claim  that  in  Bui^eas's  ex- 
periments the  occurrence  of  the  A2  point  might  have  been  caused  by  his 
having  used  an  alternating  current.  I  might  also  add  that  in  my  experi- 
ment the  iron  was  repeatedly  heated  previous  to  the  taking  of  the 
thermal  curves  for  the  purpose  of  expelling  the  occluded  gases. 

Professor  Benedicks's  statement  that  he  was  unable  to  detect  the 
slightest  trace  of  dilatation  at  Ar2  in  Professor  Carpenter's  iron,  eveu 
when  using  a  method  of  extreme  accuracy,  is  very  important  and  will 
undoubtedly  receive  the  attention  it  deserves.  But  does  it  prove  the 
non-allotropic  character  of  A2?  While  dilatation  taking  place  abruptly 
during  the  cooling  of  an  element  may  prove  the  existence  of  allotropy, 
does  the  absence  of  such  dilatation  prove  its  non-existence?  An  allo- 
tropic  transformation  does  not,  I  believe,  imply  discontinuity  in  all  of 
the  properties  of  an  element.  If  discontinuity  is  detected  in  some  of 
its  properties,  is  it  not  sufficient  to  prove  its  allotropy?  Of  course 
Professor  Benedicks  claims  that  "  no  such  discontinuity,  in  the  strict  sense 
of  the  word,  has  ever  been  found  to  occur  at  A2,"  and,  on  that  ba^,  he 
rejects  the  allotropic  theory  of  the  A2  point.  Many  investigators  b^eve, 
however,  that  discontinuity  in  several  of  the  properties  of  iron  has  been 
shown  to  occur  at  A2. 

The  absence  of  dilatation  at  Ar2,  which  Professor  Benedicks  uses  as 
a  weapon  with  which  to  deal  a  blow,  which  he  considers  final,  to  beta 
iron,  might  easily  be  turned  against  his  own  theory  with  apparently 
telling  effect.  The  reasoning  is  as  follows:  (1)  the  point  A3  marks  an 
allotropic  transformation;  (2)  the  Arg  transformation  is  accompanied 
by  a  marked  dilatation;  (3)  Professor  Benedicks  believes  that  the  A2 
point  is  part  of  the  A3  transformation;  (4)  the  Ari  point  should  therefore 
be  accompanied  by  dilatation;  (5)  Professor  Benedicks  finds  complete 
absence  of  dilatation  at  the  Art  point;  (6)  ergo,  the  A2  point  cannot  be 
'  part  of  the  A3  transformation. 

Professor  Le  Chatelier  doubts  the  allotropic  character  of  the  A2  point 
for  three  reasons:  (1)  because  a  similar  point  is  detected  in  all  ferro- 
magnetic bodies;  (2)  because  the  A2  transformation  is  continuous;  and 
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(3)  because  the  A2  transformation  is  "almost  rigoroosly  reversible," 
Taking  th^e  objections  in  order: 

(1)  The  fact  that  the  thermal  point  exists  in  all  ferro-maguetic  bodies, 
corresponding  to  the  final  disappearance  of  mf^netism  on  heating,  does 
not  in  my  opinion  argue  against  ita  allotropic  charaoter.  It  indicates  a 
body  capable  of  existing  under  two  sharply  distinct  conditions,  i.e.,  a 
magnetic  and  a  non-magnetic  one,  and  implies  the  existence  of  a  dividing 
line  between  the  two.  Is  that  not  allotropic?  Or  will  it  be  contended 
that  the  magnetic  and  non-magnetic  conditions  of  an  element  represent 
one  and  the  same  allotropic  condition?  It  is  evident,  as  I  have  so  often 
said,  that  the  point  id  dispute  must  be  settled  one  way  or  the  other  accord- 
ing to  our  definition  of  allotropy,  and  as  to  this,  unfortunately,  scientists 
entertain  widely  different  views, 

(2)  Does  the  fact  that  the  A2  transformation  is  continuous  bar  it 
from  the  allotropic  class?  To  b^n  with,  is  it  not  somewhat  misleading 
to  describe  it  as  a  continuous  transformation  and  nothing  more,  seeing 
that  the  end-point  of  that  transformation  is  so  intense  and  of  such  magni- 
tude as  to  produce  a  distinct  and  spontaneous  evolution  of  heat,  indicative 
of  a  notable  change  of  internal  enei^? 

(3)  As  Professor  Le  Cbatelier  states,  and  as  so  conclusively  shown  by 
Burgess  and  Crowe,  the  A2  transformation  appears  to  be  rigorously 
reversible;  that  is,  the  Ar2  and  Ac2  chaises  occur  at  exaotly  the  same 
temperature.  There  is  here  a  complete  absence  of  hysteresis,  whereas 
the  A3  transformation  and  allotropic  transformations  in  general,  so  far 
as  they  have  been  studied,  always  wthibit  a  temperature  gap  between 
the  two  opposite  phases.  In  my  opinion,  however,  this  absence  of  hys- 
teresis can  hardly  be  considered  as  a  proof  of  the  non-allotropic  nature  of 
the  A2  point.  In  elements,  and  in  many  other  substances,  the  passage 
from  the  Uquid  to  the  solid  state  and  the  reverse  change  (solid  to  liquid) 
generally  occur  at  exactly  the  same  temperature,  and  may  not  these 
changes  of  state  be  considered  as  major  cases  of  allotropy?  Until  we 
have  a  more  intimate  knowledge  of  the  nature  of  the  forces  at  work 
producing  hysteresis,  we  can  hardly  claim  that  when  those  forces  are 
absent  or  only  feebly  active  there  can  be  no  allotropic  transformation. 

Replying  to  Sir  Robert  Hadfield's  valuable  criticism  of  my  paper, 
I  should  say  that  the  electrolytic  iron  used  in  my  experiments  was  kindly 
supplied  to  me  by  Professor  Carpenter  and  that  it  was  similar  to  the  iron 
used  by  himself  in  his  investigation  described  in  his  paper  on  The  Critical 
Ranges  of  Pure  Iron  with  Special  References  to  the  A2  Inversions.* 

The  iron  was  repeatedly  heated  and  cooled  before  taking  the  critical 
curves  and,  in  my  opinion,  must  have  been  practically  free  from  hydrogen. 

Referring  to  Sir  Robert's  quotation  of  a  statement  of  Burgess  and 

Voumol  oj  Ifie  Iron  and  Sttd  IfutUvU,  voL  Ixxxvii  (1913, 1),  pp.  315  to  320. 
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Crowe  to  the  effect  that "  if  the  A2  point  could  be  proved  to  be  due  entirely 
to  the  magnetic  change,  then  it  would  appear  that  beta  iron  could  not 
exist,"  it  should  be  borne  in  mind  that  this  conclusion  of  the  authors  is 
warranted  only  by  their  definition  of  allotropy,  which  they  advanced  in  a 
tentative  way  as  "an  allotropic  transformation  is  one  accompanied  by 
crystall(^apbic  change,"  a  view  which  is  by  no  means  generally  held  by 
scientists,  as  will  be  apparent  from  Professor  Howe'sand  Captain  Bel^ew's 
contributions  to  the  present  discussion. 

Granting  the  accuracy  of  Professor  Honda's  work  and  conclusions,  the 
allotropic  or  non-allotropic  character  of  the  A2  point  still  remains  a  ques- 
tion of  definition.  Professor  Honda  recognizes  the  existence  of  iron  under 
three  conditions,  i.e.  (1)  gamma  iron,  non-mi^netic  and  stable  above 
the  A3  point;  (2)  alpha  iron,  magnetic  and  stable  below  the  A2  point; 
(3)  non-magnetic  alpha  iron,  stable  between  the  A3  and  the  A2  points; 
and  why  should  we  cease  to  call  this  last  variety  beta  iron?  In  which 
way  has  Professor  Honda  demonstrated  the  non-existence  of  beta  iron? 

Osmond's  statement  quoted  by  Sir  Robert  and  reading  as  follows, 
"I  conclude  that  hardened  steel  owes  its  properties  principally  to  the 
presence  of  beta  iron,  which  is  hard  and  brittle  at  the  ordinary  tempera- 
ture," still  stands. 

Sir  Robert  alludes  to  two  extremely  important  papers  recently  pre- 
sented before  the  Iron  and  Steel  Institute  in  London,  one  of  them  by 
Professors  Edwards  and  Carpenter,  and  the  other  by  Mr.  McCance. 
These  contributions  are  the  most  important  ones  that  have  been  offered 
for  many  years  and  I  hope  to  discuss  them  at  some  length.  It  will  suffice 
for  the  present  to  call  attention  to  the  fact  that  these  two  splendid  argu- 
ments do  not  upset  the  allotropic  theory  of  the  hardening  of  steel.  On 
the  contrary,  as  I  have  said,  they  reinforce  that  theory.  The  basic  claim 
of  the  allotropic  theory  is  the  existence  of  a  condition  between  the  gamma 
state  and  the  alpha  state  and  which  when  retuned  in  the  cold  imparts 
great  hardness  to  the  steel.  In  the  two  papers  referred  to  it  is  made 
evident  that  such  a  condition  must  exist  and  must  be  retained  in  ord^  to 
explain  the  hardening  of  steel.  It  matters  not,  so  far  as  the  allotropic 
theory  is  concerned,  what  that  condition  really  is;  for  convenience,  it  is 
called  beta  iron.  The  fact  that  it  may  be,  according  to  Mr.  McCance, 
alpha  iron  which  has  lost  its  ferro-magnetism,  or  interstrain  alpha  iron, 
or,  according  to  Edwards  and  Carpenter,  amorphous  alpha  iron,  does 
not  by  any  means  eliminate  the  allotropic  theory.  It  merely  gives  us 
more  insight  in  regard  to  the  possible  nature  of  beta  iron.  It  adds  to 
our  knowledge  of  beta  iron  and,  therefore,  rather  strengthens  its  existence. 

Captain  Belaiew's  very  clear  statement  in  r^ard  to  his  conception 
of  allotropy  is  very  satisfactory  indeed.  It  appears  to  me  a  more  rational 
one  than  the  view  which  considers  a  crystallographic  change  as  a  criterion 
by  which  to  judge  allotropy. 
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The  Need  of  Unifonn  Methods  of  Sampling  Lake  Superior  Iron  Ore 

Digouasion  of  the  p&per  of  C.  B.  Mubbat,  presented  At  the  New  York  meeting,  Feb- 
ruary, 1914,  and  printed  in  BtdUUn  No.  85,  January,  1914,  pp.  135  to  141. 

William  Kellt,  Vulcan,  Mich. — I  would  like  to  ask  the  author  a 
questioD.  A  good  deal  of  the  Lake  Superior  ore  is  made  up  of  mixtures 
from  various  minea,  of  which  the  product  differs  considerably.  I  know 
of  one  case  where  ore  running  about  52  to  53  per  cent,  in  iron,  with  con- 
siderable lime  and  magnesia,  a  self-fluxii^  ore,  is  mixed  with  ore  run- 
ning 61  per  cent,  in  iron,  in  which  there  is  very  little  lime  and  mf^nesia. 

Now,  in  this  method  of  sampling  in  the  vessels  I  would  like  to  know 
whether  a  correct  average  result  can  be  obtained  if  all  the  low  ore  is 
in  the  bottom  and  the  high  ore  on  top,  or  the  reverse.  Do  you  not  get 
in  this  method  of  sampling  more  of  the  top  ore  than  of  the  bottom  ore? 
I  want  to  disclaim,  of  course,  any  intimation  that  any  one  in  the  Lake 
Superior  region  would  attempt  to  put  the  high  ore  on  top  in  order  to  get 
a  sample  that  would  run  above  the  average.  That  would  not  only  be 
dishonest,  but  in  the  long  run  of  course  it  would  not  be  to  the  advantage 
of  the  aliipper.  Still,  it  has  been  suggested  that  in  this  method  of 
sampling  there  is  more  of  the  top  ore  obtained  than  of  the  middle  and 
bottom  of  the  cargo,  and  I  would  like  to  ask  the  author  whether  such  is 
the  case. 

C.  B.  Murray — Mr.  Kelly  brit^s  up  a  question  which  is  often  asked 
by  those  not  familiar  with  ore  sampling  at  lower  Lake  ports.  Ores  are 
mixed,  more  or  less,  in  cat^oes,  and  unless  the  various  grades  are  repre- 
sented  in  the  sample  the  complete  sample  is  not  representative  of  the 
car^o. 

The  standard  method  of  sampling  is  particularly  adapted  to  such 
cases,  and  when  properly  carried  out  takes  the  right  proportion  from  the 
top,  middle,  and  bottom  parts  of  the  cargo.  The  ore,  as  it  lies  in  the 
boat,  approaches  a  cone  shape  under  each  hatch.  The  sampler  starts 
sampling  in  each  hatch  when  5  or  6  ft.  of  the  ore  face  is  exposed.  As  the 
ore  IB  worked  out,  and  fresh  surfaces  and  larger  areas  are  exposed,  the 
sampler  continues  work,  taking  equal  volumes  of  ore  at  regular,  measured 
intervals. 

William  Kelly. — The  thought  that  was  in  my  mind  was,  that  as 
you  take  out  the  ore  from  a  pile,  the  top' ore  falls  down  all  the  time. 

J.  W.  Richards,  So.  Bethlehem,  Pa. — Then  that  would  be  counter- 
acted, as  I  conceive  it,  Mr.  Murray,  by  the  fact  that  the  cone  being  made 
larger,  you  take  more  of  the  lower  layers  as  the  cone  increases  in  size. 

C.  B.  Murray. — Yes,  that  is  the  idea.  As  the  areas  exposed  be- 
come lai^er,  more  places  are  touched  and  more  ore  is  taken,  but  the  area 
represented  by  each  sample  remains  the  same.    Some  of  the  top  ore  may 
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slide  down  the  exposed  surface  when  the  grabs  b^in  workii^,  but  as 
the  area  to  be  sampled  increases  in  size,  there  is  less  tendency  for  this 
ore  to  elide  down. 

This  can,  perhaps,  be  best  shown  by  a  cross-sectional  sketch  of  a 
hatch  (Fig.  1). 

ItALPE  H.  SwEBTSEK,  EastoD,  Pa. — This  paper  by  Mr.  Murray  has 
called  attention  to  a  detail  of  the  iron  business  that  is  very  important, 
not  only  from  the  commercial  side,  but  also  from  the  metallurgical  side. 
The  blast-furnace  man  who  makes  iron  for  the  market,  or  who  makes 
it  for  a  department  of  a  steel  plant,  that  demands  the  top  limit,  for  in- 
stance, on  manganese,  has  been  bothered  a  great  deal  lately  by  trying 
to  make  the  manganese  in  his  iron  check  up  with  the  reported  manganese 
in  the  iron  ore. 

We  had  trouble  like  that  a  couple  of  years  ago,  and  we  made  inveista- 
gation  of  the  ores  that  we  were  receiving.  I  think  one  of  the  biggest 
changes  in  blast-furnace  practice  in  the  last  several  years  has  been  in 
the  character  of  Lake  ores  shipped  as  Mesaba  ores.  Blast-furnace 
men  have  the  greatest  trouble  in  dealing  with  soft,  fine  Mesaba  ores. 


Now,  the  ores  put  on  the  market  at  the  present  time  do  not  have 
these  characteristics  as  much  as  they  used  to  have,  and  the  trouble  which 
the  furnace  men  have  now  is  to  really  work  one  ore — that  is,  an  ore  which 
is  under  one  name,  but  is  really  a  mixture  of  two  ores.  The  Mesabas  will 
havt!,  moat  of  them,  a  very  fine  ore  mixed  with  a  great  many  lumps. 
Now,  when  these  lumps  and  fines  are  loaded  over  the  dde  of  the  vessel, 
there  will  be  a  segregation  of  the  fines  and  lumps,  and  the  samplers  can 
tell  on  what  side  the  ore  is  loaded,  as  the  lumps  will  go  to  the  far  side 
and  the  fines  stay  on  the  other  side. 

In  one  particular  case  we  had  a  shipment  of  ore,  in  which  the  heavy 
ore  was  away  over  on  the  right-hand  comer  of  the  boat,  showing,  ap- 
parently, that  the  ore  was  loaded  from  the  right-hand  corner  of  the 
vessel.  This  ore  was  mixed,  fines  and  lumps,  in  the  proportion,  I  think, 
of  about  15  to  20  per  cent,  of  lumps,  and  the  rest  were  fines.  In  this 
particular  ore,  the  lumps  carried  a  great  deal  more  manganese  than  the 
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fines  did.  We  could  not  make  the  results  in  the  furnace  check  up  with 
the  analysis  of  the  ores.  That  was  the  case  in  one  hatch  of  a  30-hatcb 
boat.  I  think  the  hatch  was  No.  21,  and  the  total  depth  of  that  ore  was 
16.5  ft.     The  boat  was  about  42  ft.  wide  inside. 

As  Mr.  Murray  has  explained,  as  they  begin  to  unload  the  boat,  the 
ore  sampler  will  take  a  sample  near  the  top  part.  The  sampler  will 
make  his  rounds,  and  it  used  to  be  the  practice  to  make  a  round  when 
they  were  one-half  way  down  in  the  cai^o,  and  then  another  samplii^ 
when  they  had  gone  three-quarters  way  down  into  the  cargo. 

This  slide  (referring  to  slide  on  screen,  not  here  shown)  would  not 
give  a  fair  sample.  There  is  the  ore,  as  it  appeared  in  hatch  No.  7. 
That  is  5  ft.  3  in.  deep  in  the  center,  which  is  just  about  one-third  of  the 
total  height  of  the  cone  of  ore  which  was  in  that  hatch.  The  lumps 
are  about  one-third  the  way  across.  If  you  take  a  cone  of  ore  like  that, 
nearly  one-half  of  the  total  we^ht  of  the  ore  would  be  in  one-third  of 
the  height,  and  in  order  to  get  proper  samples  you  would  have  to  take  as 
many  samples  in  the  lower  one-third  as  in  the  upper  two-thirds.  If  the 
character  of  the  ore  in  the  lower  one-thu^  is  different  from  that  in  the 
upper  two-thirds,  you  do  not  get  a  fair  sample  of  the  ore.  In  sampling 
the  ore,  as  found  in  a  boat,  it  is  the  rule  to  take  a  scoopful  from  so  many 
scoopfuls.  If  they  came  to  a  lump,  it  has  been  a  rule  in  the  past  to  take 
s  cubic  inch  of  lump — the  scoop  will  hold  9.9  cu.  ft.  of  content — and  if 
you  take  only  a  cubic  inch  of  lump  you  are  not  giving  the  lump  the  same 
attention  as  the  fines,  and  in  the  case  of  most  Lake  ores  the  fines  are 
richer,  and  therefore  you  will  get  a  higher  result  in  the  sample  for  that 
cargo. 

I  have  been  siu'prised  to  find  on  the  Atlantic  seaboard  in  some  of 
the  ores  coming  in  that  the  fines  are  fewer  than  the  lumps,  and  that  if 
you  do  not  get  the  right  proportion  in  the  sampling  you  get  a  lower  result 
than  the  ore  actually  contains. 

I  think  that  the  lumps  should  be  sampled  closely  to  the  sides  of  the 
vessel.  There  are  two  or  three  things  that  prevent  this  from  being  done. 
Those  who  have  seen  the  sampling  of  the  boats  know  that  just  as  soon 
as  they  clamp  tight  a  man  will  start  cleaning  the  side  decks,  and  will 
sweep  the  dust  over  on  to  the  ore.  It  is  the  rule  of  the  samplers  that  they 
will  not  take  samples  after  the  dust  has  been  swept  on  to  the  ore — it 
may  be  dust  or  it  may  be  coal.  Therefore,  as  a  rule,  the  lower  edge  of 
the  piles  will  not  be  sampled,  and  you  do  not  get  a  true  sample.  This 
is  because  you  do  not  get  the  lumps.  We  found  in  certain  lumps  of  one 
ore  that  there  were  different  minerals  from  the  general  run  of  the  ore. 
In  one  case  we  found  lumps  which  would  contain  21  per  cent,  of  iron, 
21  per  cent,  of  silicate,  and  21  per  cent,  of  mai^anese,  and  we  would 
question  why  we  had  such  varying  results  in  pig  iron  made  from  that 
ore.    If  we  ran  to  lumps,  the  manganese  went  up.    If  we  ran  to  fiines. 
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the  manganese  would  run  down.  Whatever  is  decided  upon  as  a  practical 
method  of  sampling  cargoes  at  the  Lake  ports  would  apply  also  to  the 
sampling  of  cargoes  at  the  Atlantic  ports,  because  there  is  the  same 
condition  of  loading  obtaining  in  both  places. 

C.  B.  Murray. — ^The  question  Mr.  Sweetser  has  brought  up,  about 
getting  the  proper  proportions  of  lump  and  fine,  is  a  very  vital  one. 
The  lump  and  fine  in  many  ores  vary  widely;  in  some  the  lump  is  richer, 
and  in  others  is  poorer  than  the  fine  ore.  Here  again  the  condition  is 
ideal  for  using  the  standm-d  method  of  sampling,  and  if  the  method  is 
carried  out  according  to  instructions  the  sample  will  be  representative 
even  under  the  conditions  which  Mr.  Sweetser  illustrates. 

It  is  generally  the  case  that  when  samples  are  not  representative  the 
method  has  not  been  correctly  carried  out.  In  the  case  of  the  sampling 
'  referred  to  by  Mr.  Sweetser,  the  area  exposed  during  the  last  stage  of 
sampling  was  so  much  larger  than  that  exposed  during  the  previous 
stages  that  the  sampler  would,  imdoubtedly,  get  fully  as  much  ore  as 
he  had  previously  accumulated  in  his  sample  from  that  hatch,  and  if  he 
properly  measured  his  intervals  he  would  take  a  proper  proportion  of 
the  lump  in  the  wings  of  the  boat. 

Mr.  Sweetser  is  mistaken  regarding  the  sampler's  instructions  as  to 
taking  lump  ore.  In  sampiing  a  cargo  of  all  hard  ore,  the  instructions 
are,  "At  each  point  sampled,  take  lump  or  fine  ore  equal  to  1  cu.  in."; 
but  in  samphng  soft  ore,  which  often  contains  lump,  such  a  cargo  as  I 
imderstand  Mr.  Sweetser  refers  to,  the  instructions  are,  "When  a  lump 
is  encountered,  a  portion  shall  be  broken  off  equal  in  bulk  to  a  scoopful 
of  soft  ore." 

If,  in  this  particular  cargo,  the  sampler  did  not  do  this,  then  a  correct 
sample  was  not  obtained,  but  it  was  not  because  of  the  fact  that  the 
standard  method  was  not  correct,  but  because  it  was  not  carried  out. 

A.  J.  Ennis,*  Philadelphia,  Fa.  (communication  to  the  Secretary!). — 
From  my  experience  in  the  Eastern  section  of  this  country,  where  there 
are  official  iron-ore  samplers  entirely  competent  to  perform  judgment 
work,  perhaps  my  appreciation  of  the  Western  dilemma,  where  the 
West  doesn't  pay  sufficient  wa^ea  to  attract  the  services  of  judgment 
samplers  and  hence  must  reduce  the  operation  to  mechanical  labor  with- 
out judgment,  is  not  sympathetic.  Neither  do  I  fall  into  line  with  Mr. 
Murray's  sampling  suggestions  for  the  manikin  sampler.  For  example, 
sampling  off  the  long  sides  of  the  triangle  cannot  do  the  material  justice. 
Samples  should  be  taken  from  all  sides.  To  limit  sampling  to  the  long 
side  is  to  become  "a  one-piece-of-rock  man,"  as  it  were,  filling  the  scoop 
with  rock  where  there  is  but  one  piece  in  sight.  I  agree  with  Mr. 
Murray's  statement  to  the  effect  that  no  mathematical  formula  can  be 
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applied  to  the  samplii^  of  iron  ore,  whether  from  stock  piles,  cars,  or 
ship's  holds.  The  principle  of  ore  samplii^  is,  in  its  entirety,  propor- 
tion, and  for  this  judgment  is  primarily  necessary.  The  conspicuous 
lack  of  judgment  is  everywhere  responsible  for  incompetent  sampling 
at  blast-furnaces.  The  small-scoop  practice  might  produce  fair  average 
results  in  soft  fine  ores,  but  its  size — 3}  In.  wide,  2^  in.  long,  and  1^  in. 
deep— would  debar  its  usefulness  on  hard-ore  mixtures  rangii^  from 
richest  lump  to  gangue  or  rock,  the  size  of  scoop  being  insufficient  to 
take  care  of  lumps  6  to  15  in.  in  size,  includii^  surrounding  ore,  A 
scoop  at  least  of  shovel  size  would  be  necessary  to  the  taking  of  aU  sizes 
in  given  spots  and  places.  This  would,  of  course,  importantly  increase 
the  bulk  of  the  total  sample  and  necessitate  more  men  to  handle  it. 
In  sampling  hard  ores  Mr.  Murray  reverses  himself  and  really  leaves  the 
matter  to  the  sampler's  judgment  when  be  allows  him  to  take  an  average 
of  the  lumps  from  which  the  cubes  of  ore  are  broken.  This  would  occur 
at  hundreds  of  points  throughout  the  cargo  and  constitute  a  judgment 
result  on  the  part  of  the  men  whom  he  says  lack  the  quality  of  judgment. 

In  nay  opinion,  sampling  from  boats  is  to  be  roundly  condemned, 
forasmuch  as  there  will  always  be  considerable  unsampled  ore  rolling 
to  the  vessel's  sides,  and  the  fact  seems  to  be  ignored  that  approximately 
one-half  of  the  cargo  is  in  the  lower  one-third  of  the  base  of  the  pile.  As 
I  understand  the  method  of  Lake  ore  samphi^,  this  lower  third  is  left 
untouched,  hence  it  would  appear  that  about  one-half  of  the  cargo  re- 
mains unsampled  unless,  peradventure,  samplers  have  gone  into  said 
lower  third  of  the  pyramid. 

The  present  method  of  sampling  iron  ore  from  cars  at  the  docks  of 
New  York,  Philadelphia,  and  Baltimore  has  satisfactorily  stood  the  teat 
of  more  than  a  third  of  a  century,  and  pioneer  samplers  of  30  years  ago 
are  still  on  the  job  fortified  by  this  long  period  of  experience.  In  my 
opinion,  it  is  not  within  the  ability  of  man  to  produce  for  the  sampler  a 
more  thorot^h  exposure  of  ore  than  comes  to  pass  when  bucketful  after 
bucketful  of  it  is  dumped  on  to  cars  under  the  eye  and  observation  of 
the  competent  Eastern  sampler  inspecting  its  flow  and  accurately 
sampling  therefrom. 

L.  S.  Austin,  Salt  Lake  City,  Utah  (communication  to  the  Secre- 
tary*).—In  July  and  August,  1908, 1  spent  six  weeks  observing  the  sam- 
pling and  handling  of  iron  ore  from  the  Mesaba  ore  deposits  to  the  furnaces 
at  South  Chicago,  Gary,  Cleveland,  and  Pittsburg.  In  reading  Mr. 
Murray's  paper  on  the  subject  of  uniform  methods  of  sampling,  I  do  not 
find  that  conditions  have  chained  at  the  receiving  end  since  this  in- 
vest^atton.  I  am,  in  consequence,  of  the  opinion  that  the  shipping 
companies  are  quite  right  in  insisting  upon  settlements  on  their  samples. 

•Received  Feb.  11,  1914. 
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True,  there  are  discrepancies  between  the  mine  and  the  furnace  samples, 
but  the  latter  are  not  and  cannot  be  authoritative,  Eonce  they  are  too 
imperfectly  and  cheaply  taken,  and  to  take  proper  furnace  samples  would 
coat  more  money  than  the  smelting  companies  have  heretofore  been 
willing  to  spend. 

I  will  describe  the  methods  of  sampling  iron  ore  on  the  Mesaba  range, 
and  compare  them  with  those  pursued  at  the  docks  at  lower-lake  points 
and  at  the  furnaces. 

The  sampling  of  the  ore  on  the  range  has  been  made  by  taking  por- 
tions uniformly  over  the  top  surface  of  the  car  load.  This  is  described 
in  a  pamphlet  issued  by  the  Chemists'  Committee  of  the  U.  S.  Steel 
Corporation  on  The  Method  for  the  Commercial  Sampling  and  Analysis 
of  Iron  Ores.  This  is  done  immediately  after  loadii^,  so  that  the  ore 
may  be  assigned  to  the  proper  pockets  at  the  ore  docks.  The  united 
sample  of  a  "drag"  of  10  cars  is  taken  at  a  time,  aad  it  is  evident  that 
an  average  sample  of  this  unit  can  be  counted  on,  since  numerous  points 
over  all  the  cars  are  taken  and  at  uniform  distances  apart.  Wherever 
in  the  sampling  a  lump  of  ore  is  encounterfHl  this  is  broken  and  a  proper 
proportion  of  it  is  taken.  These  "drags,"  of  8  to  12  cars  but  averaging 
10  car  loads,  are  made  up  in  train  loads  of  50  cars  and  dispatched  to  the 
terminal  yards,  where  the  cars  are  assembled  into  "blocks." 

The  weighing  is  done  over  automatic  scales,  which  register  the  weight 
while  the  train  is  moving  slowly  over  the  scale  platform.  The  car  number 
and  the  name  of  the  mine  are  put  on  the  registering  tape,  and  a  dupUcate 
record  is  also  made.  A  great  doal  of  pains  is  taken  to  examine  and  keep 
the  scales  in  repair,  to  check  the  railroad  weights,  and  to  compare  them 
with  those  of  a  railroad  scale  of  the  ordinary  type. 

Loss  of  Weight  before  Weighing. — While  in  theory  the  sample  of  a 
car  is  to  be  taken  at  the  time  of  weighii^,  the  time  between  the  taking 
of  this  sample  and  the  weighing  is  brief,  and  in  the  solid  body  in  which 
the  ore  exists  in  the  car  the  drying-out  would  be  trifling.  This  idea 
is  corroborated  by  the  statement  made  me  that  trial  car  loads  set  out  and 
weighed  from  time  to  time  have  shown  an  inappreciable  loss  of  weight. 

Loss  of  Weight. — Ore  may  be  spilled  from  the  cars  before  weighing, 
but  this  can  at  any  time  be  gathered  up  and  loaded.  Ore  shakes  down 
in  transit,  and  therefore  no  spilling  occurs  after  weighing  until  the  docks 
are  reached.  Here,  when  discharging  into  the  vessel,  some  ore  escapes 
over  the  edges  of  the  chutes  into  the  water,  but  as  compared  with  the 
whole  hulk  this  does  not  amount  to  much.  From  the  railroad  weights 
a  deduction  of  1  per  cent,  is  made  for  contingent  losses,  such  as  spillinf 
and  moisture  loss. 

Make-up  of  Train  Loads. — The  content  of  any  train  load  is  computed 
on  the  basis  that  each  drag  of  10  cars  is  uniform.  Figs.  2,  3,  4,  and  5 
represent  by  graphic  curves  the  make-up  and  composition  of  four  train 
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loads,  from  which  the  variations  can  be  seen.  At  the  terminal  yards 
theae  truna  are  broken  up  under  orders  from  the  shipper,  who  is  at  the 
mine;  the  ores  for  a  given  cargo  are  selected  from  them,  and  these  cars 
are  sent  to  the  docks. 
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Fia.  2.— Train  No.  334. 


Selection  of  Cars  for  Cargoes. — Upon  examining  the  figures  it  can 
be  seen  which  of  the  drags  are  Bessemer  iron,  for  example,  to  go 
out  as  a  Bessemer  cargo.  We  find  that  for  this  grade  the  line  for 
phosphorus  must  fall  a  certain  distance  below  the  line  for  iron.  In 
Fig.  2  the  first  five  carloads,  and  in  Fig.  4  the  six  carloads  of  Meyers 
ore,  belong  in  this  category,  with  such  a  margin  of  safety  that  three 
carloads  of  Hartley  Block  71  can  be  added.  This  ore  is  of  a  grade  called 
"Group  2,"  whose  requirements  are  that  it  is  to  contain  60.5  per  cent, 
iron,  0.048  to  0.050  per  cent,  phosphorus,  6.25  per  cent,  silica,  and 
0.69  per  cent,  or  less  manganese,  all  based  on  dry  weight.  This  corre- 
sponds to  55  per  cent,  iron  and  0.45  per  cent,  phosphorus  "natural"; 
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that  is,  the  ore  as  mined  and  containing  ItB  natural  moisture,  whicli  may 
vary  from  10  to  15  per  cent. 

Making  up  Blocks.- — Upon  notification  that  a  certain  vessel  is  to  arrive 
at  the  docks,  the  shipper  prepares  a  sheet  called  a  "block";  that  is,  a 
selection  of  cars  at  the  yard  which  will  make  a  certain  grade  or  "group." 
He  wires  orders  for  the  terminal  yard  to  send  down  to  the  docks  certain 
caia,  picked  out  from  the  train  loads  as  above  specified,  and  conforming 
to  the  requirements  of  the  group  which  is  to  be  shipped. 
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Figs.  6  and  7  are  two  blocks,  graphically  represented,  one  for  the 
boat  "Clemson,"  and  one  for  the  boat  "Henry  Phippa."  Block  156  for 
the  "Clemson"  consists  of  a  portion  of  trains  330,  340,  342,  trains  343  and 
344,  a  special  train  load  of  390  tons  of  drags  140  to  151,  inclusive,' and 
"holds"  18  to  21,  inclusive,  being  cars  that  have  been  held  over  and  not 
sent  down  with  former  train  loads,  also  110  tons  belonging  to  block  166, 
which  had  been  put  into  a  pocket  at  the  docks,  and  which  had  been'^held 
until  now  for  shipment.    Proportions  of  older  blocks  (called  "holds") 
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found  not  to  be  needed  for  a  given  cargo  are  also  held  in  cars  at  the 
yard,  and  are  put  into  later  blocks,  as  shown  in  Fig.  7.  In  Fig.  6  it 
will  be  seen  that  the  elements  vary  as  between  diffwent  train  loads  but 
the  average  will  conform  to  the  requirements  of  the  group  which  is  to  be 
made  up.  Thus  the  "holds"  IS  to  21,  and  train  340,  would  be  too  high 
in  phosphorus  were  it  not  for  the  fact  that  the  rest  of  the  cargo  is  lower 
tlmn  the  requirements  in  that  element,  and  can  stand  the  addition  of 


d  C 

=^   d 

i  t 

3  i 

dtj<J 

ll 

II 

n    a 

II 

111 

A 

A 

V 

lV 

\ 

/ 

/ 

--V 

.^ 

V 

SlOi 

» — 1 

r-^ 

V 

L A 

.   r«™ 

V 

Fig.  4.— Train  No.  349. 

these  holds.  In  Fig.  7  the  specifications  of  Group  3  are  fulfilled,  the 
average  conforming  to  them,  though  the  variations  in  silica  are  such 
that,  were  it  to  go  to  the  furnace  no  better  mixed  than  here  shown, 
trouble  would  result.  To  lessen  this  difficulty,  orders  are  given  by  the 
shipper  to  the  dock  superintendent  to  scatter  or  distribute  "off  lots" 
throi^h  the  pockets  selected  for  holding  the  block  in  readiness  for  the 
intended  vessel;  and  in  addition,  even  to  put  this  in  the  middle  of  the 
pocket,  so  that  it  will  be  evenly  mixed  with  the  rest. 
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The  Ore  Pockets  and  Dock. — Fig.  8  is  a  cross-section  of  a  dock  with  the 
ore  pockets  and  the  hinged  chutes  for  delivering  the  ore  into  the  hold 
of  the  vessel.  The  position  of  the  successive  car  loads  is  shown,  with 
the  order  in  which  th^  fall  into  the  pocket.  These  chutes  are  let 
down  when  the  vessel  ia  in  position,  the  chute  gate  is  opened,  and  the  ore 
slides  into  the  vessel.  The  boat  itself  has  numerous  hatches,  large  boats 
having  36  at  12  ft.  center  to  center,  so  that  ore  may  be  filled  into  as  many 
as  20  hatches  at  a  time.     Commonly  the  force  of  loaders  is  not  sufficient 
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Fig.  5.— Train  No.  350. 

to  keep  so  many  going  at  once.  The  ore  is  poked  by  the  loaders  both 
at  the  gates  and  from  above.  It  comes  away  first  at  the  front,  then  at 
the  back,  as  shown  by  the  broken  lines  a  and  b  in  the  right-hand  pocket, 
cars  Nos.  1  and  3  (Fig.  8)  being  the  last  to  leave  the  pocket.  Still,  if 
two  or  three  grades  of  ore  go  into  a  pocket,  some  portions  on  top  accoift- 
pany  that  below,  so  that  a  good  deal  of  mixing  results.  We  may  there- 
fore see  ore  of  different  colors,  belonging  to  one  or  other  of  the  car  loads 
of  a  pocket,  sliding  into  the  hold  of  the  vessel.     Viewed  from  above  these 
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layers  appear  to  separate  as  they  shoot  downward,  but  they  are  not  deep. 
There  is  a  segregation  of  lumps  and  fine,  the  coarser  ore  rolling  to  the 

I-    I        I    I 


Pio.  8.— CEOsa-SBcnoN  or  Dock  and  Ore  Chutes. 

sides  or  borders  of  the  heap  formii^  in  the  hold,  the  fines  keeping  to  the 
center  or  apex.     This  is  shown  in  a  cross-section  of  a  600-ft.  boat.  Fig.  9. 


LONGITUDINAL  SECTION 


CROSS  SECTION 


ii^ 


LONGITUDINAL  ELEVATION 

Fia.  9— Sbctionb  and  Elevation  op  Ore  Boat,  Showing  Pobitton  of  Orb  in  the 
Hold. 

The  same  figure  shows  the  ore  layers  in  longitudinal  section,  and  below 
is  a  longitudinal  elevation  of  a  600-ft.  ore  boat. 
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Lumps  and  Fin*.— Lump  ore  is  often  of  the  same  grade  as  the  fine; 
at  other  times,  as  indicated  by  Fig.  10,  it  is  of  lower  grade.  Thus  in  the 
Pewabic  mine  sample  of  that  figure  the  oversize  of  }-ia.  mesh  (45  per 
cent,  of  the  whole)  cont^ns  Fe,  37  per  cent.;  the  size  between  16  and 
20  mesh  (8  per  cent,  of  the  total)  contains  Fe,  41  per  cent.;  and  this  lump 
ore  is  low  in  grade  as  compared  with  the  regular  shipping  ore.  fig-  1 1 
shows  still  greater  variations  of  lumps  as  picked  from  a  cargo  of  the  boat 
"Corona"  in  1907.    Here  three  kinds,  blue  fine  No.  1,  blue  lump  ore. 
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D  Contents  of  Orb. 


and  blue  lump  ore  with  stripes,  carry  over  60  per  cent.  Fe,  while  the  three 
samples  of  elate  vary  from  45  to  8  per  cent.  Fe.  Evidently  such  low- 
grade  lumps,  tf  they  found  their  way  into  the  small  samples  so  often 
taken,  might  easily  give  a  low  result.  It  has  been  stated  that  from  certain 
mines  lump  ore  may  be  found  which  is  of  higher'  grade  than  the  fine; 
I  have  no  data  indicating  this.  We  may  accordingly  expect  to  find  a 
difference  between  the  finer  center  and  the  coarser  borders  of  the  pile, 
formed  when  a  boat  is  being  loaded. 
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Losses  in  Handling. — The  loas  of  weight  in  transit  due  to  dryii^  is 
slight,  but  is  more  in  loading  and  discharging.  In  the  stock  pile  it  may 
either  dry  out  or  take  on  moisture  from  rains,  so  that  furnace  weights 
afford  no  adequate  check  on  the  shipper's  weights.  One  may  note  wdgh 
scales  forming  part  of  the  unloading  rigs.  These  are  not  always  in  use. 
Often  a  part  of  the  cargo  is  unloaded  to  cars  to  go  to  another  works,  part 


Fia.  11.— ANALvets  OP  Iron-Orb  Lumps. 

to  the  stock  pile.  The  cars  are  weighed,  their  aggregate  subtracted  from 
the  reported  we^ht  of  the  cargo,  and  the  remainder  chained  to  the 
stock  pile.  When  one  considers  losses  due  to  moisture  and  spilling  this 
method  seems  inadequate  for  keeping  a  close  record  of  quantiUes. 

Time  for  Loading. — The  cai^  boats  vary  in  capacity  from  3,000  to 
12,500  tons  at  a  maximum  draft  of  20  ft.  The  typical  lake  ore  carrier 
may  be  taken  at  10,000  tons.  When  not  overcrowded,  and  with  the 
handling  of  ore  and  boat  well  attended  to,  a  cargo  is  shot  into  a  vessel 


.coy  Google 


SAHFUNQ  LAKE   BUPEBIOR  IRON   ORB 


1283 


in  5  hr.j  to  which  should  be  added  2  hr.  for  shifting  to  the  desired  pockets, 
and  2  hr.  for  wuting  time.  Another  delay  may  result  from  a  vessel  ar- 
riving and  finding  another  in  advance  of  it,  covering  the  pockets  from 
which  it  has  to  draw. 

Distribution  of  Cargo. — To  oppose  the  buoyancy  of  the  unloaded  bow 
and  stern,  the  boats  are  more  heavily  loaded  at  the  end  hatches,  as  graph- 
ically shown  in  Fig.  12,  where  the  number  of  car  loads  j>er  hatch  is  given. 
Now,  in  sampling,  if  equal  weights  of  ore  are  taken  at  each  hatch  pro- 
portionate representation  will  not  result.  As  far  as  my  observation  goes 
no  such  vanation  is  allowed  for  in  taking  the  sample  at  the  lower-lake 
or  receiving  ports. 

Cargo-Sampling  Method. — The  method  recommended  by  the  Chemists' 
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Fia.  12. — DisTRiBDTiON  OF  Caroo. 


Committee  of  the  U.  S.  Steel  Corporation  for  the  sampling  of  a  cargo, 
in  a  boat  having  hatches  at  12-ft.  centers,  is,  in  any  given  hatch,  to  take 
a  smface  sample  from  the  top  of  the  heaped  or  coned  ore,  then,  when  the 
ore  has  been  largely  removed  from  a  given  hatch,  a  sample  from  the 
freshly  exposed  faces.  The  surface  sample  may  amount  to  one-eighth, 
the  face  samples  seven-eighths  of  the  total.  Now,  were  the  last  car  loads 
shot  into  the  vessel  ore  of  high  grade,  the  cargo  sampler  would  get  a  high 
result;  were  they  low,  then  samples  would  be  depressed,  even  though  the 
rest  of  the  shipment  were  high  grade. 

Actual  ResuUa  on  a  Cargo. — To  arrive  at  the  actual  composition  of  a 
specific  cai^o  I  obtained  from  the  train  dispatcher  at  Hibbing,  who 
assigns  cars  and  makes  up  the  blocks,  the  numbers  of  the  cars  and  their 
composition,  and  from  the  dock  superintendent,  the  pockets  to  which  cars 
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are  assigned.  These  cars  constituted  block  377,  and  were  loaded  into 
the  boat  "  Ream."  I  also  got  from  the  dock  superintendent  the  numbers 
of  the  pockets,  and  of  the  hatches  of  the  vessel  into  which  the  pockets 
were  discharged.  In  this  way  it  has  been  possible  to  state  with  predion 
what  has  been  the  composition  of  the  ore  in  each  hatch,  and  that  at  the 
top  surface  of  the  coned-up  ore.  This  is  shown  graphically  in  Fig.  13, 
in  which  the  average  analysis  of  the  ore  of  each  hatch  is  given. 
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Ru)r(Mdweightofcat^oll,793toi)B.    B/LWght,  11,678  toos.    Awage  analysia: 
Fe,  66.94:  P,  0.090;  eiOi,  6.4S;  Mn,  0.91;  Mouture,  13.27  per  cent 
Pio.  13.— Contents  op  Cas<3o,  Steakeh  "Ream." 

In  the  following  table  are  given  the  weights  and  contents  of  the  car^o 
of  the  "Ream,"  11,796  long  tons,  the  gross  weight  being  billed  at  I  per 
cent,  less  than  the  railroad  weight,  or  11,678  tons. 


Table  I. — Cargo  of  Uu  "Ream" 


SeUersPit 

Teii«r   

Morrio-Burt  . 

Hartley 

Burt   

Glen   

Clark    

Winn-Jsy  . . . 


Tons 

Iroa 

Silica 

Maaganese 

Moiature 

6.529 

60.74 

0.080 

4.56 

0,71 

14,34 

1.524 

58.26 

0.091 

8 

90 

0,42 

10,19 

272 

54,07 

0,085 

6 

86 

2,26 

11.13 

714 

57,42 

0.083 

6 

28 

1.32 

12.20 

80 

53,60 

0.099 

8 

74 

1.44 

17.90 

2,9»3 

53.89 

0,116 

S 

SO 

1.28 

13.29 

341 

54,95 

0,070 

7 

99 

1.07 

13,43 

17B 

59  16 

0.056 

5 

28 

0.94 

11,33 

49 

56.82 

0,089 

0 

30 

0.94 

14,00 

1,678 

58,ft4 

0,090 

6 

48 

0.91 

13,27 

Where,  as  in  the  shipper's  sample,  the  actual  weights  and  analyses 
that  correspond  are  taken,  the  average  of  the  cargo  is  58.94  per  cent.  iron. 
On  the  other  hand,  assuming,  as  in  cargo  sampling,  that  an  equal  weight 
of  ore  is  in  each  hatch,  the  resultant  average  will  be  57.52  per  cent,  iron 
only.     This  will  illustrate  that  in  cargo  sampling  serious  errors  may  result. 

Complaint  has  been  made  by  furnace  superintendents  that  unexpected 
variations  in  cargoes,  not  shown  by  aver^es,  have  caused  trouble  in  the 
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working  of  blast-furnaces.    In  this  particular  cai^o  the  variations  are 
not  serious,  as  the  figures  given  below  indicate: 

Table  U.—VariaHon  in  the  Boat  "Beam" 

(1)  In  ore  delivered  at  the  dock 

Iroa       Phosphorus       Silica  Manganese  Moisture 

Maiimuin    60.74          0.!I5               8.90  2,26                17.90 

Minimum 53.60           0,056                 4,56  0,42                  10.19 

Average   68,94          0.090               6.48  0,91                13,27 

(2)  In  ore  delivered  into  the  boat 

Maximum    59,50  0.114  7.80  

Minimum 55.60  0,080  5.50  

Avwage   57.40  0,092  6.60  

(3)  Surfaoe  sample  of  ore  in  boat 

Maximum    58.8  0,156  11,00  ~  

Mbimum 51.9  0,067  3.90  — ■  

Average   55.4  0.103  8.30  

In  this  table  we  note,  first,  that  as  the  result  of  spreading  out  of  excep- 
tional lots,  and  because  of  the  consequent  mbdng,  the  ore  has  averaged 
better  as  it  is  shot  into  the  hold.  In  (3)  we  see  how  a  surface  sample  may 
vary  from  the  avenge  of  the  cargo,  and  also  that  if  the  ore  from  that 
point  were  introduced  into  the  blast-furnace  it  would  cause  more  senous 
trouble  than  if  the  full  depth  in  any  hatch  were  used; 

Stocking  Ore  at  the  Furnaces. — Ores  of  the  same  group  are  stocked 
together.     If  such  ore  were  more  carefully  bedded,  and  for  the  furnace 
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FiQ.  14.— Analyses  of  Group  2  Ore  from  Charqb  Pockets. 

charges  reclaimed  from  top  to  bottom  of  the  pile,  we  would  count  on 
greater  uniformity.  If  stocked  haphazard  from  two  or  more  cargoes, 
even  when  of  the  same  group,  the  variations,  when  delivering  from  the 
receiving  bins  to  the  charge  skips  at  the  furnace,  are  shown  in  Fig.  14. 
The  sample  was  taken  as  the  ore  was  delivered  into  the  skip  at  every  skip 
load.  It  will  be  seen  from  the  curves  that  at  charge  34  in  the  first 
trial,  and  at  charge  10  in  the  second,  the  phosphorus  passed  the  limit 
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which  would  permit  the  production  of  Bessemer  pig.  We  may  infer 
that  the  silica  did  not  vary  enough  to  cause  a  serious  disturbance  in  blast- 
furnace working. 

Stocking  Iron  Ore  from  the  Boat. — Fig.  15  ia  an  elevation  of  a  Hoover 
&  Mason  unloading  rig,  of  the  stock  piles  made  by  it,  of  the  concrete 
trough  into  which  the  ore  from  the  vessel  is  deUvered  and  from  which  it 
is  reclaimed  to  the  stock  pile;  also  a  cross-section  of  the  vessel  being  un- 
loaded. Ore  is  taken  from  the  boat  in  a  &-ton  grab,  which  may  deliver 
it  either  to  a  receiving  hopper  on  the  rig  itself,  or  to  the  concrete  troi^b 
behind  it.  Ore  from  any  hatch  is,  at  one  setting  of  the  unloading  rig, 
delivered  at  one  point  at  the  trough.  Here  some  segregation  occurs,  the 
lumps  rolling  to  the  foot  of  the  pile:  Thus  we  get  a  series  of  conical  heaps 
of  ore,  their  centersfine,  lumpy  where  they  overlap.  The  ore  Id  the  trough 
is  reclamed  and  sent  to  the  stock  pile  adjoining.  Since,  however,  the 
two  ends  of  the  bridge  may  be  independently  moved  to  the  extent  of 
Bridge  550*10118 


Fio.  15. — DisTRiBunNO  and  Handuno  Bridobi 


30  or  40  ft.  more  at  one  end  than  at  the  other,  it  should  be  possible  to 
so  set  it  that  coarse  ore  may  be  placed  upon  the  fine,  and  thus  some  mixing 
be  done.  The  grabs  on  the  bridge  are  of  14  tons  capacity.  By  carrying 
up  the  track  walls  of  the  bridge,  it  would  appear  that  storage  capacity 
might  be  increased,  and  the  long  slope  be  diminished.  If,  with  this, 
attention  should  be  given  to  carrying  up  the  pile  evenly  and  progressively 
from  the  first,  the  ore  bed  would  again  be  more  uniform.  Not  sufficient 
attention  has  been  given  to  this  point  and  as  long  as  the  cargo  was  un- 
loaded promptly  it  did  not  seem  to  matter  how  it  was  done.  Ore  natur- 
ally tends  to  segr^ate,  and  pains  and  study  should  be  given  to  averaging 
it. 

Cai^oes,  at  the  time  of  loading,  are  made  up  to  a  guaranteed  compo- 
sition. In  Fig.  16  this  composition  is  shown  graphically,  as  well  as  the 
actual  analyses  of  several  cargoes  as  taken  at  themineand  at  the  receiving 
port  during  1908  on  Mesaba  iron  ores.  As  regards  the  mine  and  cai^o 
samples  there  are  plus  and  minus  differences,  indicating  that  the  results 
are  intended  to  be  fair,  though  the  cause  of  difference  or  the  comparative 
accuracy  is  not  indicated.  My  own  opinion  is  that,  as  taken  at  present, 
the  mine  sample  is  the  more  reliable,  though  it  could  be  improved.     It 
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has  the  advantage  that  numerous  results  are  given,  and  the  actual  weight 
of  the  ore  is  used  in  computing  the  average. 

A  sample  of  the  ore  taken  automatically,  as  it  drops  from  a  grab  or 
from  a  Hulett  machine,  would  give  an  ahquot  portion  of  both  coarse  and 
fine.  This  sample  could  be  kept  in  a  pocket  until  taken  away  in  a  drop- 
bottom  tram  car.  Such  a  car  would  deliver  to  the  sampling  mill,  where  the 
material  would  be  automatically  sampled  by  well-known  methods.  The 
system  should  be  properly  worked  out  so  as  not  to  interfere  with  the  un- 
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Fio.  16. — Gdarantee,  Minx,  and  Works  Results  on  Caroo  Shi. 
loadii^.     I  compute  that  for  a  1  per  cent,  sample,  taken  from  the  falling 
ore,  it  would  cost  0.75c.  per  ton. 

Of  the  present  mehods  of  cargo  sampling,  that  carried  out  by  some 
of  the  independent  chemists  at  Cleveland  seems  to  me  the  best.  They 
use  a  short^bladed  scoop  which  takes  a  portion  of  uniform  width.  Where- 
ever  a  lump  of  ore  is  encountered  the  sampler  judges  how  much  of  it  he 
is  to  take.  The  method  of  taking  is  by  rounds,  as  described  by  Mr. 
Murray.    The  moisture  sample  is  taken  from  the  ore  samples  as  collected 
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in  a  can  at  each  hatch.  The  contents  of  a  can  are  emptied  on  the  flour, 
the  lumps  broken,  the  whole  mixed  and  returned  to  the  can.  Later  a 
weighed  portion  of  this  is  taken  for  drying  at  212°  F.,  and  the  moisture 
loss  determiued.  The  united  ore  samples  of  all  the  hatches  are  used  for 
the  average  sample. 

When  it  is  considered  that  S50  to  $75  is  paid  for  the  work  of  sampling 
and  analyzing  a  cargo,  the  remuneration  seems  small  for  the  care  and 
responsibility  involved;  it  amounts  to  0.10c.  to  0.15c.  per  ton.  Compare 
this  with  the  cost  of  sampling  a  precious-metal  ore.  Here  the  shipper 
cheerfully  pays  50c.  per  ton  if  it  is  sampled  at  a  customs  sampler,  5c.  to 
10c.  per  ton  if  he  engages  a  watcher  to  oversee  the  works  sample.  Noth- 
ing justifies  spending  only  $50  to  $100  to  obtain  results  on  material  worth 
$40,000.   ' 

At  the  furnaces,  samplii^  seems  to  be  done  only  with  the  care  needed 
for  controlling  blastrfurnace  operations,  and  to  get  results  that  will 
check  the  mine.  The  blast-furnace  superintendent  seems  to  know  quite 
well  that  the  results  of  samplii^  are  approximate  only.  I  cannot  see 
how  he  would  feel  like  taking  the  responsibility  of  incurring  expense, 
additional  thought  and  puns  to  change  the  present  system. 

The  U.  S.  Steel  Chemists'  Committee  recommends  a  method  of  sam- 
pling called  by  them  "grab"  sampling ;  that  is,  taking  a  scoopful  from  the 
top  surface  of  the  ore  in  the  grab  as  it  is  ri^ng  from  the  hatch.  The 
method  has  much  to  commend  it,  as  there  is  an  equal  representation  of 
ore  throughout  the  cargo;  the  chief  objection  to  it  in  my  mind  is  that  the 
lumps  would  not  be  properly  represented  in  the  hasty  taking. 

Indeed,  too  much  in  regard  to  samplii^  is  a  matter  of  opinion  and 
theory,  and  such  conjectures  could  be  set  at  rest  only  by  sampling  car 
loads,  etc.,  in  an  absolute  way,  and  by  comparing  these  results  with  the 
present  ones. 

One  may  say  then  that  sufficient  attention  has  not  been  given  to  the 
sampling  and  stocking  of  ore,  and  that  in  consequence  variations  that 
occur  here  and  there  in  a  cargo,  may  appear  at  the  surface  in  an  aggra- 
vated way.  This  is  the  converse  of  the  proposition  that  errors  are  dis- 
posed to  balance  one  another,  but  it  also  logically  leads  to  the  admission 
that  errors  may  be  cumulative. 

In  view  of  the  conditions  of  ore  handling,  I  see  no  way  for  obtaining 
a  uniform  ore  charge,  unless  each  plant  takes  care  of  and  beds  its  own  ore. 
It  has  no  right  to  complain  of  the  shipper,  who  has  only  to  guarantee  the 
whole  cargo. 

A  number  of  other  points,  not  alluded  to  in  this  discussion,  were 
developed  as  the  result  of  my  investigation,  all  of  which,  if  put  in  practice, 
would  conduce  to  reliability  in  sampling  and  to  regularity  of  the  ore 
charge,  and  consequently  to  regular  running  and  to  uniformity  of  the  pig 
produced. 
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Pig  Steel  from  Ore  in  the  Electric  Furnace 

DiscussioD  of  the  paper  of  Robebt  M.  Kebnbv,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  BvUetm  No.  86,  February,  1914,  pp.  349  to  367. 

J.  W.  Richards,  So.  Bethlehem,  Pa. — I  am  extremely  interested 
in  this  paper  of  Mr.  Keeney's,  which  is  one  of  the  most  elaborate  published, 
so  far,  on  the  attempt  to  produce  a  low-carbon  product  directly  in  the 
electric  pig-iron  furnace.  I  think  that  the  commercial  side  of  it  is  very 
important.  If  we  can  make  a  low-carbon  product,  equivalent  in  com- 
position, as  far  as  carbon  is  concerned,  to  steel,  and  containing  only 
moderate  quantities  of  the  other  impurities,  silicon,  manganese,  sulphur, 
and  phosphorus,  the  refining  of  that  pig  steel  to  finished  steel  in  the 
open-hearth  furnace  is  a  much  easier  operation  than  the  refining  of 
ordinary  pig  iron.  That  has  been  proved  already.  Several  years  ago  I 
discussed  that  matter  in  connection  with  the  Swedish  electric  pig-iron 
furnace,  and  I  have  always  thought  that  it  will  eventually  develop  into 
commercial  practice. 

John  Crawpobd,  Jr.,  Heroult,  Cal.  (communication  to  the  Secre- 
tary*).— The  numerous  and  careful  experiments  carried  out  by  Mr, 
Keeney  on  the  possibilities  of  successfully  making  "pig  steel"  in  the 
electric  furnace  have  been  studied  by  the  writer  with  a  great  deal  of 
interest.  Judging  from  Mr,  Keeney'a  conclusions,  the  five  main  ad- 
vantages claimed  for  p^  steel  over  normal  low-ailicon  electric-furnace 
pig  iron  are: 

1.  That  it  can  be  converted  into  steel  with  greater  facility  and  at  a 
lower  cost. 

2.  That  it  admits  of  greater  economy  in  power  consumption. 

3.  That  it  admits  of  greater  economy  in  reducing  material. 

4.  That  the  carbon  content  can  be  controlled  within  a  limit  of  2.20 
per  cent,  maximum. 

5.  That  the  losses  of  iron  in  the  slag  will  not  exceed  reasonable  limits, 
say  6  per  cent.  FeO. 

As  to  the  first  claim:  p'rom  published  reports,  white  electric-furnace 
pig  iron,  sufficiently  low  in  silicon  and  carbon  to  approach  or  actually 
come  within  the  limits  of  pig  steel,  has  not  only  been  used  successfully 
but  has  met  with  a  very  favorable  reception  by  Swedish  steel  makers. 
Hence  a  recital  of  our  efforts  to  dispose  of  a  similar  product  to  steel 
makers  on  the  Pacific  Coast  may  be  of  interest.  In  May,  1912,  there 
was  in  our  stock  yard  about  150  tons  of  white  iron  which  had  been  made 
some  time  previous  in  our  shaft  furnace.  This  was  semi-porous  and 
quite  similar  both  in  appearance  and  analysis  to  the  pig  iron  which  was 

*  Received  Apr.  9,  1914. 
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at  that  time  reported  as  being  used  successfully  for  steel  makii^  Id 
Sweden.    The  analyses  and  weights  of  the  several  casts  were  as  follows: 


er  cent. 

Per  cent. 

0.66 

2.47 

O.IB 

2.60 

0.26 

2.82 

0.43 

2.92 

0.86 

2.66 

0.46 

2.72 

1.09 

2.86 

1.11 

2.58 

0.94 

2.89 

1.63 

2.82 

0.97 

2.71 

0.75 

2.60 

0.73 

2.60 

1. 00 

2.73 

0.60 

2.43 

0.37 

2.39 

0.74 

Aver&ge  2.67 

TotHj  144 

The  sulphur  was  uniformly  under  0.03  per  cent.;  the  phosphorus 
under  0.04  per  cent.;  and  the  manganese  varied  from  0.22  to  0.28  per 
cent. 

Stimulated  by  the  results  which  were  being  attained  in  Sweden  we  made 
considerable  effort  to  induce  steel  makers  on  the  Pacific  Coast  to  try  it. 
Finally  by  making  a  very  attractive  price  we  induced  one  firm  to  use  it. 
This  concern  operates  both  basic  and  acid  open-hearths  for  making  con- 
crete reinforcing  steel.  The  report  of  the  works  superintendent  on  it 
was  rather  indefinite  but  not  enthusiastic.  He  said  "It  worked  pretty 
weil  but  normal  pig  iron  was  more  satisfactory. "  Since  that  time  we  have 
sold  this  concern  about  1,000  tons  of  normal  low-silicon  pig  iron  and  also 
a  few  odd  carloads  of  white  iron  which  approached  in  analysis  pig  steel. 
They  advise  that  no  difference  is  noted  in  the  working  of  normal  electrit^ 
furnace  pig  iron  as  compared  to  normal  blast-furnace  iron  of  similar  anal- 
ysis. The  pig  iron  brought  themarket  price,  but  the  pig  steel  always  had 
to  be  offered  on  more  favorable  terms,  and  even  at  a  reduced  price  it 
did  not  call  forth  any  repeat  orders. 

These  remarks  are  not  intended  to  be  construed  as  a  contradiction  of 
the  favorable  reception  which  pig  steel  has  been  accorded  by  the  Swedish 
steel  men,  but  it  does  seem  to  indicate  that  to  gain  the  advantages  claimed 
pig  steel  must  be  used  ''according  to  prescription"  and  a  good  deal  of 
"missionary  work"  might  be  necessary  before  American  steel  m^ers. 
who  have  no  patriotic  interest  in  the  matter,  would  do  the  necessary* 
experimenting  to  prove  the  advantages  claimed. 
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In  regard  to  claims  2  and  3,  while  there  is  certainly  an  appreciable 
saving  both  in  reducing  material  and  in  power  in  making  low-silicon  as 
against  high-silicon  iron  in  the  electric  furnace,  how  much  this  saving 
can  be  further  increased  by  making  pig  steel  instead  of  normal  low-silicon 
pig  iron  is  an  open  question.  So  far  as  the  writer  knows,  do  data  have 
been  published  covering  a  continuous,  systematic  effort  to  make  pig  steel 
on  a  commercial  scale.  Messrs.  Nystrdm  and  Leffler,  in  closing  their 
report  of  a  215-day  run  in  electric  smelting  at  Trollh^ttan,  make  the 
statement:  "Thepossibilityof  a  very  low  carbon  product — pig  steel — has 
not  yet  been  tried."  As  this  report  was  made  almost  two  years  ago  and 
no  further  data  on  making  pig  steel  have  been  given  out,  it  is  fair  to 
assume  that  either  the  possibilities  of  making  it  did  not  seem  feasible  or 
that  if  tried  the  results  were  not  altogether  successful.  This  opinion 
seems  to  be  further  verified  by  the  statement  of  Ivar  Barthen,  Assistant 
Chief  Engineer,  Jemkontoret,  Stockholm,'  who  says,  referring  to  electric- 
furnace  operations  in  Sweden :  "The  first  expectations  of  the  inventors 
may  have  been  that  only  as  much  coal  should  be  put  in  the  [electric]  blast- 
furnace as  was  needed  by  the  chemical  constitution  of  pig  iron,  as  regards 
carbon;  the  heat  indispensable  to  the  process  being  secured  by  electric 
current.  Even  if  those  expectations  could  not  be  realized,  still  about  65 
per  cent,  of  the  coal  ordinarily  consumed  is  saved. " 

We  find  in  Messrs.  NystrOm  and  Leffler's  report  that  for  a  period  of 
215  days'  continuous  operation,  during  which  over  3,000  tons  of  iron  was 
made,  the  silicon  averaged  only  0.72  per  cent.,  which  seems  to  indicate 
that  although  they  were  not  endeavoring  to  make  pig  steel  the  metal 
produced  was  approaching  it  more  nearly  than  it  was  normal  pig  iron. 
Since  there  are  no  data  available  to  indicate  that  the  fuel  consumption 
has  been  lowered,  we  assume  that  the  figures  as  given  in  their  report  are 
still  substantially  correct.  It  may  be  interesting,  therefore,  to  make 
some  comparisons  between  carbon  economy  attained  in  making  low-silicon 
pig  iron  in  Sweden,  the  results  obtained  by  Mr.  Keeney  in  his  experimental 
furnace,  and  those  obtained  in  producing  the  few  casts  of  low-silicon  iron 
previously  noted  as  having  been  made  at  Heroult  in  a  shaft-type  furnace. 

From  the  TroUhSttan  report  we  gain  the  following  information: 

Fig  iron  produced  (96.36  per  cent.  Fe),  metoic  tone 3,215 

Coal  charged  (72.89  per  cent.  C),  metric  tons 1,301 

Per  cent,  carbon  in  pig  iron  (average) 3.406 

Per  cent.  Bilicoo  in  pig  iron  (average) 0.72 

Per  cent.  FeO  in  slag  (mean) 3.40 


'Iron  Age  vol.  xciii,  No.  4,  p.  2S3  (Jan.  22,  1914). 
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IPer  Cent.  Ca(boii;Tr i  ■    n  j     *■     i  Carbon  I  Silicon  ,     FeO 

„     .  .    ,            Used  m  Reduction    .    ^  -    t        '  ■    □. 

Used  to  IroD      L  „  . , _,  .    -,„„   m  Iron,    m  Iron,    m  Sl&g, 

!        Produced        '""*^^*"^^"  PerCenijPerCent.  PerCent. 


TroUhiitUii 29.6  26.1  |     3.40    ,     0.72         3.40 

Keeney '  28,7  |  27.6  1.07    |     0.11         «,56 

Heroult '  29.9  i  27.2  I     2,67    i     0.74     '     4.30 

l_ .1 ' \ 

A  comparisoQ  of  these  figures  shows  that  though  Mr.  Keeney  has 
made  pig  steel  very  low  in  carhon  and  silicon,  the  per  cent,  of  total 
carbon  consumed  is  little  better,  considering  the  greater  loss  of  iron  in  the 
slag,  than  is  att^ed  in  shaft-furnace  practice  when  making  low-silicon 
iron.  The  reason  for  this  lies  in  the  fact  that  in  the  shaft  furnace  the 
carbon  used  in  reduction  is  oxidized  to  CO  and  CO)  in  the  ratio  of  about 
2.5  to  3  CO  to  1  C0»  by  volume  (the  average  given  by  Nystrom  and 
Leffler  is  2.68  to  1),  whereas  in  the  small  rectangular  furnace  used  by  Mr. 
Keeney  we  find  the  average  ratio  CO  to  COj  to  be  4.7  to  1,  with  a  mini- 
mum of  1  to  1  in  experiments  Nos.  1  and  2,  where  the  FeO  loss  in  the  slag 
was  14  and  13  per  cent,  respectively,  and  a  maximum  of  11.2  to  1  in 
experiment  No.  12,  where  the  FeO  loss  in  the  slag  was  only  0.50  per  cent. 
(Experiment  No.  13  was  excluded  as  it  appears  erratic.) 

If  we  recast  Mr.  Keeney's  figures  on  a  basis  of  CO  :COj :  :2.75  :1, 
which  makes  them  comparable*  with  results  attuned  in  the  ^aft-type 
furnace,  we  have: 


Percent.  Carbon 

Per  Cent.  Carbon 
jUeed  in  Reduction 
.and  Losses  to  Iron' 
!        Produced 

1 
Carbon     Klicon         Fe 

Furnace 

Used  to  Iron 
Produced 

in  Iron,  ■  in  Iron, ,  in  Slag, 
PerCent.' PerCent.' Per  Cent. 

Trollhattan,  shaft , 

29.5 

!            26.1            i 

3.40         0.72         3,40 

type. 

Keeney,  shaft  type 

26.5 

£4.4 

1.07         0.11         6.56 

Heroult,  Bhaftj 

29.9 

27.2 

2.67    ,     0.74     '     4.30 

type.                1 

1                                : 

1 

These  revised  Keeney  figures  show  a  saving  in  carbon  of  4  to  4.5  per 
cent.,  or  an  economy  in  reducing  material  of  about  5  to  6  per  cent.     The 

*  Since  at  Heroult  the  circulating  gasee  were  not  aorubbed  and  since  at  T^^illhittao 
the  m^bture  was  reduced  to  0.5  g.  per  cubic  meter,  and  because  part  of  the  carbon 
oonaumed  in  reducing  COt  in  the  circulating  gases  to  CO  is  later  recovered  by  the 
reducing  action  of  the  CO  on  the  ore,  no  account  was  taken  of  these  in  revising  Mr. 
Keeney's  figures.  Though  not  strictly  accurate,  the  figures  given  are  idoee  enough 
for  oompariaon. 
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metal  is  low  in  carbon  and  silicon  and  the  slag  loss  is  not  unreasonable. 
They  are  certainly  very  attractive,  but  can  they  be  attained  or  even 
closely  approximated  in  actual  practice?  The  writer  does  not  think  so, 
He  believes  we  have  already  attained  very  close  to  the  practical  limit  of 
carbon  economy  in  the  types  of  furnaces  existent.  Any  further  appreci- 
able decrease  in  reducing  material  will  be  at  the  expense  of  lower  recovery, 

Mr.  Keeney  cites  (p.  363,  Loss  of  Iron  in  the  Slag), a  result  obtained 
at  Demnarfvet,  were  pig  steel  running  1.70  per  cent.  C  was  accompanied 
by  a  slag  containing  only  0.23  per  cent.  FeO.  In  the  absence  of  knowledge 
of  the  fuel  ratio  used  and  the  analyses  of  the  slag  and  metal  taps  immedi- 
ately preceding  and  following  it  is  hardly  safe  to  make  any  observations 
on  this,  but  in  experiment  No.  12,  which  Mr.  Keeney  cites  as  analogous, 
we  note  the  carbon  used  is  29.8  per  cent,  of  pig  iron  produced,  which 
cannot  be  considered  any  economy  over  present  shaft-furnace  practice. 

The  writer's  justification  for  the  opinions  given  in  the  preceding  para- 
graphs is  based  on  observations  of  both  shaft-type  and  rectangular- 
type  furnace  atHeroult  and  on  such  data  as  have  been  available  concerning 
electric  iron  furnaces,  operating  elsewhere.  The  results  of  his  deduc- 
tions may  be  summarized  as  follows: 

The  theoretical  amount  of  carbon  required  to  make  pig  metal  from 
iron  ore  depends — 

1.  On  the  ratio  in  which  the  carbon  combines  with  the  oxygen  in  the 
ore  to  form  CO  and  COj. 

2.  On  the  carbon  absorbed  by  the  metal. 

3.  On  the  carbon  used  in  reducing  silica  and  (he  other  metalloids. 

4.  On  the  carbon  consumed  by  oxygen  dissociated  from  aqueous  vapor 
and  atmospheric  oxygen  occluded  in  the  reducing  materia  and  sucked 
into  the  furnace  through  cracks. 

5.  On  the  portion  of  the  carbon  consumed  in  reducing  COj  to  CO 
which  is  not  later  recovered  by  the  reducing  action  of  the  latter  on  the 
ore. 

With  sufficient  carbon  present  to  satisfy  these  requirements  we  should 
make  pig  iron,  with  an  accompanying  slag  free  from  iron.  But  whether 
we  do  or  not  depends  on  another  factor,  which,  though  understood  by  all 
metallurgists,  does  not  seem  to  have  been  given  the  importance  it  merits 
in  electric  smelting;  this  is,  the  ratio  of  size  of  the  reducing  material  to  the 
ore  and  the  homogeneity  of  mixture  of  the  two  when  they  have  descended 
to  the  smelting  zone.  Even  in  the  shaft-type  furnace,  where  a  considet^ 
able  reduction  by  CO  can  be  counted  on,  much  ore  reaches  the  smelting 
zone  of  the  furnace  wholly  or  partly  unreduced.  Whether  this  is 
smelted  at  this  point  to  an  oxide  which  combines  with  the  silica  of  the 
slag,  or  ia  reduced  to  metal,  depends  on  the  intimacy  of  its  contact  with 
carbon.  Our  experience  with  the  shaft-type  furnace  indicated  that  even 
with  a  brittle  reducing  agent,  like  charcoal,  if  an  excess  over  theoretical 
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calculations  was  not  used  the  slag  losses  were  erratic  and  generally  high. 
The  absorption  of  carbon  by  the  metal  was  also  erratic,  but  it  did  not 
always  vary  in  inverse  ratio  to  the  slag  losses,  which  might  be  expected 
and  is  indicated  by  Mr.  Keeaey's  experiments.  Obviously,  if  lump  coke  is 
substituted  for  charcoal  conditions  will  be  much  worse.  On  one  occasion 
it  was  necessary  for  the  writer  to  be  absent  when  one  of  our  rectangular 
furnaces  was  being  started  upon  coke,  and  the  furnace  man  in  charge 
failed  to  follow  instructions  re  crushing  the  coke.  On  his  return,  two  days 
later,  the  writer  found  melted  oxides  were  being  tapped  from  the  furnace, 
and  practically  no  metal.  Without  altering  the  amount,  coke  crushed  to 
the  proper  size  was  used  in  the  charge,  and  within  a  short  time  normal 
foundry  iron  was  being  produced. 

Hence  it  is  apparent  that  to  keep  slag  losses  within  reasonable  limits 
we  must  either  use  a  considerable  excess  of  lump  coke  or  use  crushed  coke. 
The  former  method  will  result  in  an  accumulation  of  coke  in  the  cruci- 
ble, low  voltage,  excessive  current  densities,  high  power  consumption, 
poor  power  factor,  melting  roof,  etc.  The  latter  method,  while  present^ 
no  metallurgical  or  electrical  trouble,  would  in  a  shaft-type  furnace 
make  the  burden  so  dense  as  to  offer  too  much  resistance  to  the  ascending 
gases  and  would  further  aggravate  the  natural  tendency  of  coke  to  "hang 
up,"  with  subsequent  annoying  if  not  dangerous  "slips."  Crushed 
coke  has  been  used  satisfactorily  by  us  in  our  rectai^ular  furnaces  for 
making  all  grades  of  foundry  iron  and  doubtless  could  be  utilized  for 
making  pig  steel  without  excessive  slag  losses.  But  in  furnaces  of  the 
rectangular  type  there  is  little  reduction  by  CO  in  the  stacks,  hence  the 
ratio  of  CO  to  COi  is  high  and  the  desired  fuel  economy  is  not  attained. 

To  summarize,  our  experience  at  Heroult  has  indicated: 

1.  That  though  p^  steel  may  have  signal  advantages  over  normal 
low-silicon  pig  iron  for  steel  making,  American  steel  makers  will  probably 
be  found  to  be  "from  Missouri"  and  "will  have  to  be  shown." 

2.  That  though  there  is  considerable  economy  in  both  carbon  and 
power  in  making  low-silicon  iron  as  gainst  high-silicon  iron,  carbon 
requirements  cannot  be  made  practically  to  approximate  the  theoretically 
calculated  amount. 

3.  That  pig  steel  of  2.20  per  cent,  maximum  carbon  can  be  made  in 
existing  types  of  rectangular  electric  furnaces  with  reasonable  slag  losses, 
but  with  high  carbon  consumption  as  compared  to  shaft-type  furnaces. 

4.  That  pig  steel  of  2.20  per  cent,  maximum  carbon  cannot  be  made 
practically  in  existing  types  of  electric  shaft  furnaces  with  carbon  econ- 
omy approaching  theoretical  figures  except  by  accepting  a  high  loss  of 
iron  in  the  slag. 

5.  That  pig  steel  can  be  made  with  lower  power  consumption  than 
normal  low-silicon  p^  iron,  but  the  saving  per  unit  of  production  will  be 
mitigated  by  the  lower  percentage  of  recovery. 
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6.  That  the  best  commercial  possibilities  for  making  pig  steel  with 
low  fuel  consumption  and  high  percentage  of  recovery  seem  to  be  offered 
by  the  use  of  briquettes  of  concentrates  and  reducing  material,  or  flue 
dust  and  reducing  material,  in  a  furnace  of  the  shaft  type. 

Though  not  properly  a  part  of  this  discussion,  since  Mr.  Keeney 
mentions  "  Trouble  was  experienced  at  the  Hardanger,  Norway,  electric 
pig-iron  plant  with  coke  as  a  reducing  material,"  it  may  be  of  interest  to 
briefly  summarise  our  deductions  from  90  days  of  operating  our  rectangu- 
lar furnaces  on  coke. 

1.  Any  ordinary  grade  of  coke,  by  crushing  it,  can  be  used  satis- 
factorily from  both  a  metallurgical  and  an  electrical  standpoint  to  pro- 
duce any  normal  grade  of  pig  iron.  But,  depending  on  its  porosity  and 
crushing  strength  and  its  analysis,  there  is  for  each  variety  a  size  to 
be  determined  by  experiment  which  will  give  from  all  standpoints  best 
operating  conditions. 

2.  Soft,  porous  cokes  are  to  be  preferred  over  hard,  dense  cokes,  be- 
cause the  former  can  be  fed  in  lai^er  pieces  and  still  insure  homogeneity 
of  mixture  when  the  burden  descends  to  the  smelting  zone.  Further, 
they  cost  less  to  crush,  and  there  is  less  loss  in  flnes  and  flue  dust  because 
of  the  lai^er  size  which  can  be  used.  For  ore  crushed  to  pass  a  2}-in. 
grizzly  a  soft,  porous  coke  gives  beat  results  when  crushed  to  pass  a  IJ-in. 
grizzly.  Certain  bard,  dense  cokes  had  to  be  crushed  ,to  pass  a  |-in. 
grizzly. 

3.  If  the  coke  is  of  the  proper  size  when  it  reaches  the  smelting  zone, 
operations  may  be  carried  on  with  as  high  voltage,  low  current  densities, 
good  power  factor,  and  as  cool  a  roof  when  using  coke  as  when  using 
charcoal- 

4.  The  power  consumption  per  unit  of  production  is  higher  with  coke 
as  a  reducing  agent  than  with  charcoal,  but  the  increase  is  due  to  the 
extraamount  of  slag  made.  This  depends  on  the  composition  and  amount 
of  ash  in  the  coke  and  the  amount  of  sulphur  in  the  coke. 

5.  The  carbon  consumption  per  unit  of  production  is  higher  with 
coke  than  with  charcoal.  This  is  due  partly  to  the  greater  flue-dust 
losses  from  crushed  coke  than  from  lump  charcoal  and  partly  to  the  for- 
mation of  carbides,  in  the  high-lime,  desulphurizing  slag,  all  of  which  are 
not  subsequently  decomposed. 

6.  If  electrodes  are  regulated  to  form  a  free-burning  arc  the  use  of 
coke  has  no  bearing  on  the  electrode  consumption.  If,  however,  elec- 
trodes are  inserted  In  the  charge  to  form  a  submerged  arc,  as  is  our  prac- 
tice, the  consumption  of  electrode  material  is  considerably  greater,  espe- 
cially with  graphite  electrodes.  This  is  due  principally  to  the  greater 
abrasive  action  of  coke  than  charcoal,  though  partly  also  to  the  attack 
of  the  lime  slags  on  the  electrode  material.  We  found  the  electrode  loss 
from  breakage  (using  12-in.  graphite  electrodes)  very  excessive,  doubtless 
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due  in  part  to  the  greater  density  of  the  burden  when  using  crushed  coke 
as  against  lump  charcoal.  On  this-account,  after  carrying  our  experi- 
ments far  enough  to  demonstrate  the  commercial  feasibility  of  operating 
on  coke,  we  have  shut  our  furnaces  down  pending  alterations  to  permit 
the  use  of  24-in.  carbon  electrodes,  which,  besides  being  stronger,  will 
better  resist  the  abrasive  action  of  the  burden. 

7.  With  a  coke  running  1.25  per  cent,  sulphur  we  had  little  difficulty 
in  keeping  the  sulphur  in  the  pig  below  0.05  per  cent.,  and  much  of  the 
iron  made  was  under  0.03  per  cent,  sulphur. 

8.  No  trouble  was  found  in  making  foundry  irons  up  to  3.50  per  cent, 
silicon  or  higher  if  desired.  In  fact,  on  account  of  its  high,  easily  reduced, 
siliceous  ash,  coke  will  produce  a  high-silicon  iron  somewhat  more  readily 
than  charcoal. 

9.  Except  for  a  somewhat  more  open  grain,  no  difference  has  been 
noted  thus  faj-  in  the  physical  characteristics  of  iron  made  with  coke  and 
iron  made  with  charcoal. 

10.  Crushed  coke,  especially  when  high  in  ash  and  with  a  large  per- 
centage of  fines  present,  has  a  tendency  to  cause  the  burden  to  hang. 
This  we  believe  would  prohibit  its  use  successfully  in  a  furnace  of  the 
shaft  tjTJe.  However,  in  the  rectangular  furnaces  there  is  an  opportunity 
to  dislodge  scaffolds  by  barring  down,  if  the  hang  is  of  any  duration. 
There  are  several  ways  in  which  the  presence  of  a  hang  up  can  be  detected 
before  it  has  become  serious.  A  mixture  of  15  to  25  per  cent,  of  lump 
charcoal  with  the  coke  is  quite  effective  in  keeping  the  burden  from 
hanging  up. 

In  conclusion,  we  may  say  that  coke  has  nothing  to  recommend  it 
over  charcoal  for  an  electric-furnace  reducing  material  excepting  the 
difference  in  price.  However,  "black-butts,"  screenings,  and  even 
breeze  if  the  dust  is  removed,  can  be  mixed  to  make  a  satisfactory  reduc- 
ing material.  As  such  grades  of  coke  can  usually  be  secured  at  a  very 
attractive  price  this  may  more  than  offset  the  disadvantages  of  its  use. 

The  writer  apologizes  for  offering  the  above  statements  as  "glittering 
generalities"  unsubstantiated  by  definite  figures,  but,  since  the  data 
obtained  varied  considerably  with  the  chemical  and  physical  properties 
of  each  coke  tried  and  the  size  to  which  it  was  crushed,  even  a  synopsis 
of  this  rather  voluminous  data  is  considered  beyond  the  scope  of  this 
discussion.  

Data  Pertaining  to  Gas  Cleaning  at  the  Duquesne  Blast  Furnaces 

Discusaton  of  the  paper  of  A.  N.  Dibhl,  presented  &t  the  New  Yorlc  meeting,  Feb- 
ruary, 1914,  and  printed  in  Bulletin  No.  89,  May,  1914,  pp.  769  to  802. 
A.  E.  Maccoun,  *  Braddock,  Pa. — To  the  practical  blast-furnace  man 

this  paper  is  of  the  greatest  interest.     Every  furnace  manager  in  this 
•  Non-member. 

Digitizecy  Google 


DATA  PERTAINING  TO  0A8  CLEAKINO 


Digitizecy  Google 


1298  DATA  PEBTAINING  TO  OAS  CLBANINa 

country  is  striving  to  procure  a  better  product  and  decrease  the  cost  of 
production.  One  important  factor  in  obtaining  these  results  is  the  maxi- 
mum utilization  of  the  energy  contained  in  blast-furnace  gases. 

At  the  Edgar  Thomson  Works  of  the  Carnegie  Steel  Co.  we  installed, 
in  1906,  primary  washers  to  wash  the  gas  supplying  the  stoves  of  four 
blast  furnaces,  and  in  addition  to  this  to  furnish  enough  primary  washed 
gas  to  supply  Theisen  washers  for  three  Westinghouse  3,000-h.p.  gas 
engines.  We  are  now  installing  additional  primary  washers  to  wash  the 
gas  for  the  stoves  of  all  the  11  blast  furnaces  located  at  this  plant.  Fig.  1 
gives  the  general  outline  of  one  of  these  newer  gas-washing  installations. 

Being  intimately  connected  with  this  work  since  its  inception,  as  well 
as  being  familiar  with  the  system  installed  at  the  Duquesne  plant,  I  wish 
to  call  attention  to  the  valuable  data  Mr.  Diehl  has  submitted  to  this 
Institute,  before  proceeding  with  the  discussion.  These  data  represent 
extensive  tests  covering  five  years  of  operation,  and  were  obtiuned  only 
after  a  large  amount  of  costly  research  work,  and  are  therefore  veiy 
valuable  to  any  one  interested  in  the  subject.  In  fact,  I  do  not  know 
that  such  complete  data  oa  this  subject  have  ever  before  been  published. 

Mr.  Diehl's  tests  show  the  absolute  necessity  of  obtaining  clean  gas 
for  use  in  blast-furnace  stoves  if  we  expect  to  secure  the  most  efficient 
results. 

Different  Systems  of  Gas  Cleaning 

At  the  October,  1913,  meeting  of  the  Institute  Mr.  Forbes  read  a  paper 
describing  the  different  systems  of  gas  cleaning  in  use.  There  are  two 
distinct  cleaning  processes,  wet  washing  and  dry  cleaning. 

The  usual  practice  for  a  plant  with  several  blast  furnaces  is  to  use  an 
efficient  dust  catcher  on  each  furnace  and  at  times  additional  auxiliary 
dust  catchers,  or  dry  cleaners,  so  as  to  catch  as  much  as  possible  of  the 
heavy  material  sent  over  with  the  gases,  as  this  material  can  be  better 
taken  care  of  in  the  dry  state.  From  here  the  gas  is  collected  in  one 
central  dirty-gas  main  and  conducted  to  the  additional  cleaners;  or  it  can 
be  used  directly  as  dirty  gas  in  emergencies. 

This  arrangement  tends  to  equalize  the  variations  in  the  amounts  of 
gas  given  off  by  the  different  furnaces,  and  better  and  more  regular  results 
are  obtained  from  the  cleaning  plants. 

Many  attempts  have  been  made  to  discover  s  practical  dry-cleaning 
or  filtering  process  which  would  clean  gas  sufficiently  to  allow  it  to  be 
burned  in  the  blastrfurnace  stoves  with  the  best  possible  results.  The 
sensible  heat  of  the  gas  which  is  lost  by  washing  amounts  to  about  4  per 
cept.  of  the  total  heat  value  of  the  gas,  assuming  that  the  unwashed  gas, 
by  the  time  it  reaches  the  stove  or  boiler  burners,  is  at  very  nearly  300° 
F.,  which  is  approximately  its  true  temperature. 

There  are  numerous  objections  to  most  of  the  proposed  dry-cleaning 
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Diekl  Spray  Type  of  Gas  Washer 

Additional  advantages  of  this  type  of  tower  washer  are : 

The  rotary  valve  is  on  the  outside  of  the  tower  and  is  easily  reached 
for  repairs.  Some  of  the  other  types  of  rotary  spray  washers  require 
taking  the  gaa  off  the  towers  to  make  these  repairs. 

The  area  through  the  washer  is  not  as  restricted  as  through  the  baffle 
type,  as  this  type  of  washer  has  the  advantage  of  the  entire  area  of  towa, 
whereas  the  inner  tube  in  the  baffle  type  of  washer  takes  up  about  half 
the  area,  and  there  is  no  cleaning  done  in  this  tube. 

The  counter-current  pnnciple  is  always  most  effective  for  the  transfer 
of  heat.  Most  of  the  various  types  of  tower  gas  washers  work  on  this 
principle. 

The  gas  is  introduced  into  the  tower  from  below  and  ascends  slowly, 
the  water  descending  from  above,  so  that  the  coolest  gas  always  comes  in 
contact  with  the  coldest  water  and  the  hottest  gas  with  the  hottest  water. 
The  Diehl  type  of  spray  carries  this  principle  even  further,  as  the  water, 
by  means  of  pressure,  is  sprayed  up  a  certain  distance  and  then  descends. 
Mr.  Diehl's  paper  and  tests  show  how  efGcient  this  intermittent-spray 
type  of  washer  is,  in  that  the  difference  in  temperature  between  the  gas 
leaving  the  washer  and  the  ingoing  water  is  approximately  only  b"  or 

In  some  cases  fans  are  used  to  boost  the  pressure;  in  other  cases  the 
pressure  from  the  furnace  is  sufficient.  At  Edgar  Thomson  we  use  fans 
between  the  towers,  but  very  bttle,  if  any,  cleaning  is  attributed  to  the 
fans,  as  no  water  is  run  on  them  at  the  present  time.  When  they  were 
originally  installed  a  series  of  Koerting  sprays  were  used  and  water  was 
run  on  them  continuously.  This  caused  the  fan  rotors  to  eat  away  and 
the  power  required  to  drive  them  was  the  heaviest  item  entering  into  the 
cost  of  cleaning.  Spray  pipes  at  high  water  pressure  are  connected  to 
them  twice  a  week  for  a  short  time  only,  and  the  sides  of  the  casii^  and 
rotor  are  thoroughly  flushed  out. 

Mr.  Diehl  gives  an  interesting  example  of  a  proposed  installation  of 
his  type  of  tower  washer  for  two  furnaces,  washing  only  for  stoves,  wbieh 
depends  on  the  simple  scrubbing  of  the  gas  without  fans.  It  can  be  read- 
ily seen  how  well  this  plan  works  out  and  how  low  the  cost  of  construction 
($22,155)  for  such  a  plant  would  be  for  the  saving  effected. 

Moisture 

I  have  known  of  some  cases  where  gas-washing  plants  have  been  in- 
stalled and  very  bad  results  were  obtained  by  using  the  gas  on  the  hot- 
blast  stoves.  In  nearly  all  such  cases  it  developed  that  the  gas  was  not 
being  cooled  sufficiently  to  precipitate  the  moisture  and  eliminate  it  from 
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the  gas.  The  moisture  muat  be  eliminated  to  as  great  an  extent  as  possi- 
ble; the  gas  should  be  cooled  below  70°  F.  to  obtain  good  results. 

Fig.  2  shows  the  moisture  curves  of  blast-furnace  gas,  giving  at  the 
various  temperatures  the  grains  of  water  present  per  cubic  foot  of  gas 
reduced  to  standard  dry  gas  at  t"  and  30  in.  mercury. 

Curve  No.  1. — So-called  "saturated  gas";  i.e.,  gas  mixed  with  saturated 
aqueous  vapor.  At  and  above  212°  F.,  its  value  is  infinity  at  atmos- 
pheric pressure. 

Curve  No.  2. — Moisture  accompanying  each  cubic  foot  of  dry  standard 
gas  produced  from  normal  unwatered  furnace  stock. 

Curve  No.  3. — Moisture  accompanying  each  cubic  foot  of  dry  standard 
l^as  produced  from  normal  furnace  stock  to  which  has  been  added  6  per 
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ent.  of  its  weight  of  water  to  thoroughly  moisten  it  and  reduce  the  amount 
>f  flue  dust. 

At  temperatures  below  the  intersections  of  curves  Nos.  2  and  3  with 
-he  "saturation"  curve,  No.  1,  a  considerable  amount  of  the  accompany- 
ng  moisture  of  these  gases  cannot  be  held  as  true  vapor,  and  is  either 
leld  to  some  extent  in  a  supersaturated  state,  or  is  precipitated  out. 

Study  of  these  curves  shows  that  the  best  results  cannot  be  obtained 
rom  washed  gas  if  it  is  not  cooled  sufficiently  to  obtain  low  moisture 
content. 

One  of  the  most  important  considerations  in  the  use  of  clean  gas  is  to 
>e  able  to  mix  the  proper  amount  of  air  and  gas  at  the  stove  burner  and 
;hereby  obtain  perfect  combustion.     Mr.   Diehl  partly  shows  the  effi- 
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cieocy  of  dry  cool  gas  in  his  tables,  but  he  fails  to  state  that  it  is  impossible 
to  burn  dirty  gas  efficieatly  in  any  case,  because  if  it  is  attempted  the 
high  temperature  of  combustion  melts  some  of  the  flue  dust  earned  by 
the  gas  down  into  the  well  of  the  stove,  filHng  it  up,  and  gradually  forming 
a  big  solid  lump  of  sinter,  which  it  is  nearly  impossible  to  remove  without 
the  expenditure  of  a  large  amount  of  labor  and  a  great  loss  of  time.  To 
avoid  this  when  using  dirty  gas  a  low  temperature  of  combustion  is  pur- 
posely sought  in  the  combustion  chamber  of  the  stove  at  the  expense  of 
loss  in  efficiency. 

Nitrogen  Compounds 

It  is  fair  to  ^nore  the  formation  of  nitrogen  compounds  in  the  gas,  as 
Mr.  Diehl's  experiments  have  failed  to  even  find  traces  of  these  com- 
pounds upon  special  research  analyses.  The  coloration  observed  at  the 
washers  could  be  readily  produced  by  extremely  minute  traces  of  ferro- 
cyanides. 

The  Efficiency  of  Hoi- Blast  Stoves 

The  importance  of  high  heats  is  fully  realized  in  modern  blast-f urnare 
practice  and  we  wish  to  obtain  these  higher  heats  by  utilizing  blast-furnace 
gas  as  efficiently  as  possible,  as  the  demand  for  the  gas  remaining  after 
supplying  the  stoves  and  blowing  engines  is  becoming  greater  all  the  time. 
Steel  works  are  endeavoring  to  turn  out  better  products,  which  necessarily 
require  more  refining  and  work,  and  an  increasing  amount  of  power. 
Blast-furnace  gases  have  a  much  greater  fuel  value  than  an  amount  of 
coal  containing  an  equal  number  of  B.t.u.'s,  as  they  require  no  expensive 
handling  and  make  an  ideal  fuel  for  nearly  any  use  around  a  steel  plant. 

The  stove  teats  submitted  by  Mr.  Diehl  show  conclusively  the  better 
efficiencies  obtained  by  the  use  of  washed  gas,  but  in  comparing  these 
results  it  must  be  borne  in  mind  that  the  stoves  burning  the  clean  gas  on 
which  tests  were  made  were  not  originally  built  for  this  gas.  They  should 
have  had  much  smaller  checker  openings;  thereby  much  greater  heating 
surface  would  have  been  obtained  and  their  efficiency  greatly  increased 
over  the  figures  presented.  With  dirty  gas,  where  it  is  not  possible  to 
use  small  checkers  successfully,  the  use  of  a  9-in.  checker  opening  for 
stoves  is  common.  On  our  newer  stoves,  adapted  for  clean  gas,  the 
checker  openings  have  been  decreased  to  6  in.,  and  in  some  cases  to  5  in., 
the  heating  surface  gained  being  approximately  30  per  cent. 

In  this  connection  I  wish  to  refer  to  another  point  that  has  not  been 
brought  out  fully  enough.  With  a  thoroughly  cleaned  stove  good  results 
can  be  obtained  for  a  short  time  with  dirty  gas. 

Take  a  blast-furnace  that  has  four  clean  stoves  and  uses  dirty  gas.  At 
first  excellent  heats  are  obtained;  gradually  the  checker  openings  begin  to 
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Savings  Through  Gas  deanitig  on  Stoves 

At  some  blastr-f  umace  plants  hard  ores  or  ores  of  good  physical  struc- 
ture are  used  to  a  large  extent  in  the  burden.  This,  combined  with  slow 
driving,  will  greatly  reduce  the  usual  troubles  in  stoves  caused  by  the  flue 
dust  carried  in  the  gas;  but  such  cases  are  rare,  and  do  not  apply  to  modeni 
blast-furnaces  using  a  large  percentage  of  Mesaba  ore  in  their  burdens, 
which  furnaces  we  are  here  considering. 

Mr.  Diehl  gives  the  cost  of  primary  cleaning  gas  for  stoves  per  100,000 
cu.  ft.  as  $0.06320,  or  $0.03252  per  ton  of  iron,  which  would  be  very  much 
reduced  with  a  new  installation  arranged  so  that  not  so  much  electrical 
power  would  be  required  for  operating  the  fans. 

The  saving  on  clean  gas  over  dirty  gas  on  stoves  with  regard  to  the 
cost  of  iron  is  given  as  $0.16108  per  ton  of  iron.  This  I  consider  verj' 
conservative;  in  fact,  I  consider  that  $0.22  per  ton  of  iron  is  a  more 
representative  figure  for  this  saving  for  a  modern  blast-fumsce  utang  a 
large  percentage  of  Mesaba  ore. 

Savings  Through  Gas  Cleaning  for  Boilers 

No  attempt  has  been  made  at  the  Edgar  Thomson  Works  to  clean  gas 
for  boilers  except  on  teats,  as  the  boilers  at  our  plant  give  very  little 
trouble  from  the  dust  in  the  gas  building  up  in  passages  and  tubes,  and 
what  does  gather  there  is  easily  blown  away  by  steam  from  a  hose  fitted 
with  a  1-in.  nozzle.  We  have  made  boiler  tests  using  clean  gas,  but 
could  not  see  enough  saving  in  its  use  for  this  purpose  to  warrant  the 
investment.    The  saving  depends  on  what  type  of  boiler  is  used. 

F.  Louis  Grahher,  Leesburg,  Va.^ — I  ask  Mr.  Diehl  whether  he  has 
ever  analyzed  blast-furnace  gas  when  the  furnace  was  hanging — I  do 
not  mean  hanging  around  the  bosh,  but  hanging  due  to  throttle  near  the 
top — or  whether  he  ever  analyzed  the  gas  immediately  preceding  such  a 
slip.  I  remember  that  in  blowing  in  a  furnace  at  Cleveland,  owing  to 
congested  traffic  conditions,  the  locomotive  was  not  able  to  get  around 
to  dump  the  dust  catcher.  The  result  was  that  our  blast  pressure  rose, 
consequent  to  back  gas  pressure,  to  some  abnormal  figure,  such  as  26  lb., 
and  yet  everything  seemed  to  be  all  right.  There  was  a  good  deal  of 
concern  over  the  situation,  and  no  one  understood  what  the  cause  of  the 
trouble  was  until  it  was  discovered  that  the  dust  catcher  had  not  been 
dumped.  When  the  dust  catcher  was  dumped  the  pressure  dropped  to 
about  14  lb. 

I  have  an  idea,  which  has  not  been  fully  tested — I  only  offer  it  as  a 
suggestion — that  possibly  a  throttling  of  the  escaping  gases  would  tend 
to  make  for  excessive  carbon  deposition  in  the  upper  part  of  the  stack,  and 
as  a  preliminary  to  such  a  congestion  this  excess  would  be  reflected  in  the 
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changed  composition  of  the  gaa.  This  subject  received  a  good  deal  of 
attention  at  my  hands  in  1904,  when  we  had  available  nothing  like  simb 
an  elaborate  presentation  of  the  subject  as  Mr.  Diehl  has  just  given.  I 
make  that  suggestion  as  of  possible  interest  in  case  further  investigations 
along  this  line  are  made.  Personally,  I  believe  that  the  throttling  of  the 
downcomer  would  tend  to  decompose  the  escaping  gases  so  that  the  car- 
bon decomposition  would  be  increased.  My  impre^on  is  that  "spilling  " 
occurs  more  frequently  on  dirty  flues. 

A.  N.  DiBHL.^ — I  do  not  recall  any  analyses  that  we  have  purposely 
taken  before  and  after  slips,  with  the  object  of  determining  the  point 
which  Mr.  Grammer  has  in  mind.  As  mentioned  in  my  original  paper, 
we  did  at  one  time  take  some  analyses  of  gas  directly  after  a  slip  to  ac- 
count for  the  back-flring  of  our  gas  engines.  We  suspected  hydri^en  in 
this  gas  due  to  moisture  in  the  stock,  and  therefore  prepared  ourselves 
for  this  test.  We  have  often  noticed  when  a  furnace  becomes  very  tight 
and  is  hanging  continuously,  that  the  gas  becomes  very  sharp,  which 
can  easily  be  noticed  as  it  is  burned  in  the  stoves  and  boilers.  This 
might  account  for  the  condition  such  as  Mr.  Grammer  is  referring  to, 
I  will  be  glad  to  make  some  experiments  along  these  lines  to  obtain  further 
information  in  the  matter. 

J.  W.  Richards,  So.  Bethlehem,  Pa. — I  ask  Mr.  Diehl  whether,  in 
the  dry  dust  or  washing  water  which  may  have  been  used,  there  is  any 
concentration  of  potassium  salts;  that  is,  whether  any  of  these  have  been 
detected  in  the  dust,  or  in  the  water  used  for  cooling. 

A.  N.  Diehl. — I  have  shown  in  my  paper  analyses  of  the  deposits 
sublimated  on  the  ports  and  piston  heads  of  gas  engines,  indicating  a 
content  of  alkalies  equal  to  30  to  40  per  cent.  The  water  from  the  scrub- 
bers is  alkaline  to  a  certain  extent  and  we  find  soda  and  potassa  present. 
We  often  find  quite  heavy  deposits  of  cyanides  and  alkalies  in  the  brick 
lining  of  the  blast  furnaces,  some  analyses  of  which  show  about  40  per 
cent.    These  deposits  seem  to  permeate  the  brick. 

J.  W.  Richards. — I  asked  the  question  because  Mr.  Eckles  of  Waah- 
ington  had  patented  the  use  of  potassium-iroii  silicates  in  the  blast 
furnace,  in  order  to  collect  the  potassium  which  would  be  volatilized  and 
caught  in  the  dust  coming  from  the  furnace.  I  wanted  to  know  to  what 
extent  that  worked  out  in  ordinary  practice. 

A.  N.  DiBHL. — On  the  fans  of  our  Theisens  we  obtain  deposits  also  of 
alkalies,  but  the  quantity  is  comparatively  small  considering  the  large 
quantity  of  gas  passing  through.  I  do  not  have  any  figures  to  show  the 
quantity  obtained  in  this  manner. 
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Notes  on  the  Utilizatioo  of  Coke-Oven  and  BUst-Fumace  Gas 
for  Power  Purposes 

DUcuBsion  of  the  paper  of  Hsinbich  J.  Fbetn,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  BvUetin  No.  88,  April,  1914,  pp.  666  to  693. 

Richard  Lamb,  New  York,  N.  Y. — It  ia  s  fact  that  in  Europe,  espe- 
cially m  Germany,  they  have  perfected  the  mternal-combustion  engines 
dedgned  to  use  by-product  coke-oven  gas,  and  it  is  not  uncommon  to 
find  as  high  as  5,000-h.p.  units  at  work  very  successfully.  In  fact,  I 
think  the  breakdowns  and  stops  for  rep^rs  on  these  large  engines  in 
Germany  are  remarkably  few.  I  have  heard  of  a  large  engine  running 
for  a  whole  year  without  a  shutdown  for  repairs. 

In  Germany  they  have  had  by-product  coke-oven  plants  longer  than 
we  have  had  them  here.  In  this  country  they  have  been  installed  mostly 
for  use  by  steel  plants,  and  possibly  in  three  or  four  cases  they  have  been 
built  in  connection  with  already  established  gas  plants.  These  two 
kinds  of  by-product  plants  are  radically  different.  One  seeks  to  make 
coke  and  the  other  seeks  to  make  gas  as  its  principal  product.  If  you 
try  to  establish  a  plant  to  furnish  both  gas  and  coke,  it  is  a  difficult  matter 
to  get  suitable  coal.  A  coal  of  about  28  to  30  per  cent,  volatile  matter 
is  about  what  is  required;  then  you  will  get  gas  in  quantity  that  will  not 
make  a  soft  coke,  and  the  coke  will  be  of  a  texture  that  can  be  sold  to  be 
used  in  place  of  anthracite  coal.  Where  gas  companies  have  established 
plants,  the  main  object  being  to  secure  a  large  quantity  of  gas,  they  tise 
a  coal  which  makes  soft  coke.  On  the  other  hand,  the  steel  companies 
are  after  a  hard  coke,  and  the  gas  production  is  but  a  small  consideration 
and  up  to  the  present  time  as  a  rule  is  allowed  to  go  to  waste.  The 
waste  of  gas  at  the  steel  manufacturing  plants  has  been  immense. 

I  was  told  that  no  one  of  the  steel  companies  ia  using  coke-oven  gas 
for  metallurgical  purposes.  However,  I  hear  that  the  Krupp  works  in 
Germany  is  using  the  pure  coke-oven  gas  in  its  open-hearth  furnaces. 
I  am  told  that,  with  a  alight  mixture  of  the  blast-furnace  gas  with  coke- 
oven  gas,  the  Old  Dominion  Co.  of  Nova  Scotia  is  using  it  very  success- 
fully in  its  open-hearth  furnaces.  The  difficulty  in  using  the  coke-oven 
gas  is  due  to  the  excessive  heat  it  generates.  Steel  furnaces  designed  to 
use  blast-f  umace  gas  are  not  built  to  withstand  the  extra  heat  of  the  coke- 
oven  gas,  but  there  is  no  reason  why  furnaces  cannot  be  designed  to 
withstand  this  extra  heat.  By-product  coke-oven  gas  has  about  500 
B.t.u.  per  cubic  foot,  while  the  blast-furnace  gas  has  about  90  or  91  B.t.u. 
per  cubic  foot. 

I  have  noted  that  in  attempts  in  this  country  to  use  this  gas  for 
engines  the  failures  have  been  largely  due  to  not  providing  sufficient  cool- 
ing capacity.    As  far  as  I  have  been  able  to  learn,  the  only  ei^pnes  in 
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this  country  that  have  been  built  to  use  coke-oven  gas  are  the  two  at 
Lebanon,  Pa.,  and  they  did  not  meet  the  guarantee.  The  Nurembui^ 
gas  engine  of  Germany  uses  8,700  B.t.u.  per  cubic  foot  of  gas  in  producing 
1  b.h.p.  at  full  capacity  load  and  about  9,300  B.t.u.  for  half  load.  In 
this  country  the  open-hearth  engines  in  Lebanon  produced  1  b.h.p,  with 
11,000  B.t,u.  per  cubic  foot  and  one-half  horse-power  with  14,000  B.t.u. 
per  cubic  foot.  I  do  not  recall  now  what  their  guarantee  was,  but  the 
results  were  not  acceptable,  although  the  engine  continued  in  operation. 
They  have  had  trouble  with  the  heating.  Unless  the  United  States 
Steel  Corporation  has  put  in  a  plant  at  Gary,  which  it  intended  to  do,  I 
do  not  think  there  are  any  other  plants  using  strictly  coke-oven  gas  in 
this  country.  I  found,  however,  that  the  Westing  ho  use,  the  Snow,  and 
the  Allis-C  halm  era  companies  are  willing  to  make  engines  of  large  capac- 
ity and  guarantee  them  at  10,000  B.t.u.  per  cubic  foot  per  brake  horse- 
power. You  can  buy  engines  on  a  guarantee  of  not  to  exceed  8,700  B.t.u. 
per  cubic  foot  per  brake  horse  power  on  full  load,  from  the  Nurembui^ 
works  of  Germany.  The  Snow  engine,  I  believe,  could  be  made  to  show 
an  efficiency  of  8,700  B.t.u.  per  brake  horse  power  on  full  load. 

In  establishing  a  by-product  coke-oven  plant  to  be  operated  inde- 
pendently of  going  steel  or  gas  works,  the  question  of  what  to  do  with 
the  gas  becomes  a  very  serious  one.  If  sold  to  gas  companies  you  can 
get  about  10c.  per  1,000  cu.  ft.  for  it,  provided  you  will  rectify  it  and  bring 
it  up  to  18  to  21  candle  power.  The  rectifying  costs  about  0.1c.  per  1,000 
cu.  ft.;  in  other  words,  it  brings  the  price  for  the  gas  down  to  about  9.9c. 
per  1,000  cu.  ft.,  and  a  penalty  is  imposed  if  the  quality  of  the  gas  goes 
slightly  below  the  standard. 

There  are  some  very  great  advantages  in  selling  the  gas,  independ- 
ently of  gas  engines.  You  can  transmit  gas  over  long  distances  at  very 
small  cost,  and  you  can  sometimes  get  a  market  for  it  for  fuel  purposes, 
without  rectifying  it;  and  the  requirement  for  the  B.t.u.  value  will  not  be 
so  great  as  if  sold  for  illuminating  purposes.  Gas  companies  call  for  not 
less  than  SOO  B.t.u.,  and  demand  a  material  penalty  for  going  below  that 
amount.  It  requires  considerable  operating  care  in  a  by-product  coke- 
oven  plant  to  keep  the  gas  up  to  the  standard,  and  great  care  in  the  pur- 
chase of  the  proper  kind  of  coal  is  necessary  in  order  to  get  satisfactory 
results.  You  should  have  coal  with  not  less  than  13,000  B.t.u,  in  order  to 
get  500  B.t.u.  in  the  gas.  In  negotiating  with  a  very  large  concern,  that 
could  take  a  large  amount  of  gas,  several  million  feet  per  day,  I  studied 
with  their  engineers  the  relative  value  of  gas  and  coal  for  fuel  purposes. 
With  coal  of  about  13,000  B.t.u.  costing  $1.75  per  ton,  if  I  remember  cor- 
rectly, they  Egured  that  to  make  it  advantageous  to  them,  so  as  to  justify 
their  abandoning  the  coal  and  using  the  gas,  the  only  contract  that  they 
could  afford  to  make  would  be  7c.  per  1,000  cu.  ft.  In  computing  the  sav- 
ing, the  cost  of  handling  ashes  was  not  considered.    I  am  convinced  that 
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at  no  distant  date  there  will  be  many  plants  installed  in  this  country  to 
generate  electricity  with  engines  operated  with  coke-oven  gas.  Coal  now 
known  as  coking  coal — viz.,  that  suitable  for  use  in  beehive  ovens— is 
not  necessary  id  making  coke  in  by-product  plants.  The  fine  or  pulver- 
ized coal,  which  is  the  cheapest,  is  needed  in  the  latter  ovens,  and  mix- 
tures of  different  coals  produce  satisfactory  results  where  neither  by 
itself  would  be  suitable.  Ten  per  cent.,  more  coke  can  be  made  out  of  a 
given  quantity  of  coal  with  a  by-product  coke-oven  than  with  the  bee- 
hive oven.  In  the  production  of  electricity  there  is  a  very  great  advan- 
tage in  having  a  gas-storage  tank.  As  soon  as  the  service  is  cut  off,  the 
gas  ei^ne  can  be  stopped  and  the  tank  stores  the  gas  not  used.  In  this 
particular  it  is  hke  a  water-power  plant  with  a  water-storage  dam.  In 
computing  the  total  cost  of  the  plant  to  generate  electricity,  I  found 
that  it  compared  very  favorably  with  water  power.  At  the  same  time 
that  I  was  designing  the  coke  plant,  I  was  also  designing  a  hydro-electric 
plant  to  generate  39,000  h.p.  The  cost,  including  amortization  chai^ 
and  interest  on  the  plant  and  all  costs,  was  3.1c.  per  kilowatt-hour  for 
water  power  and  3.2c.  per  kilowatt-hour  for  the  gas,  and  the  plant  is  for 
New  York  City. 

I  figured  the  power  factor  pretty  high  in  the  case  of  the  gas  plant, 
as  we  had  to  make  only  about  700  tons  of  coke  per  day,  which  gives  us 
about  5,000  h.p.  I  figured  pu  the  basis  of  70  per  cent,  power  factor, 
because  we  were  in  a  place  where  we  could  get  considerable  night  service 
and  some  20-hr.  service,  but  that  shows  there  is  quite  a  conformity  in  the 
cost  between  hydro-electric  power  and  coke-oven  generated  electricity. 
It  also  shows  that  with  coal  at  $3.98  you  can  generate  electricity  for  about 
the  same  cost  as  you  can  at  a  water-power  plant,  and  that  right  in  the 
very  heart  of  large  markets,  where  the  transmission  lines  would  be  ver>- 
short.  For  some  time  in  Germany  they  have  been  making  electricity 
at  the  mines  and  distributing  it  for  100  miles  or  more,  and  some  of  the 
companies  engaged  in  this  work  have  paid  handsome  dividends.  In 
this  country  there  are  no  plants  making  electricity  from  coke-oven  gas, 
and  there  are  billions  of  feet  of  gas  going  into  the  air,  as  dead  waste, 
every  day.  In  investigating  the  plant  of  the  U.  S.  Steel  Corporation, 
I  mentioned  that  fact  to  my  clients,  and  they  tried  to  buy  the  wasted 
power.  I  understand  that  the  company  at  once  undertook  to  look  into 
the  matter,  and  th^  are  going  to  generate  electricity  and  distribute 
it,  if  they  have  not  already  b^un  to  do  bo.  In  Alabama,  at  Birming- 
ham, there  are  millions  of  cubic  feet  of  gas  per  day  going  to  waste  from 
the  by-product  coke-oven  plants,  but  ad  it  happens  there  is  a  surplus  of 
power  at  that  point.  There  are  two  big  hydro-electric  companies  being 
built,  the  works  of  one  being  finished  and  the  works  of  another  well 
under  way,  and  there  is  still  another  which  may  brii^  its  power  from 
Tennessee  into  the  Birmingham  district,  and  right  there  is  all  the  coal 
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they  can  use  for  centuries  to  come.  Nevertheless  it  is  a  shame  that 
this  gas  is  being  wasted.  It  is  claimed  that  there  are  about  400,000 
b.p.  now  generated  with  coal  within  a  distance  of  100  miles  of  Birming- 
ham. The  cheap  power  generated  from  gas  &nd  water  now  going  to 
waste  will  ultimately  supplant  the  present  coal-generated  power,  and  we 
can  look  for  similar  results  from  less-favored  districts  of  the  country. 

A.  E.  Maccoon,  Braddock,  Pa. — I  wish  to  ask  Mr.  Freyn  whether 
he  has  any  figures  on  the  cost  of  operating  a  blast  furnace  as  a  gas 
producer.  I  think  this  data  would  be  interesting,  cousidering  the  differ- 
ential between  the  value  of  coal  and  coke,  and  also  I  would  ask  whether 
it  is  a  paying  proposition  to  run  a  blast  furnace  as  a  gas  producer. 

Heinhich  J.  Fketn. — I  am  sorry  I  cannot  give  Mr.  Maccoun  any 
figures.  Even  if  I  bad  any,  I  could  not  give  them,  but  I  have  none. 
I  understand,  however,  that  the  cost  of  making  blast-furnace  gas  com- 
pares very  favorably  with  the  cost  of  making  producer  gas;  in  other 
words,  it  is  found  at  the  gas  plant  that  the  use  of  producer  gas  made  in 
one  of  the  plants  at  the  gas  furnaces  is  distinctly  a  financially  advanta- 
geous proposition,  and  this  is  very  interesting  from  another  angle. 
If  you  consider  that  the  steel  plant  at  Gary  is  dependent  entirely  on  the 
use  of  gas  power,  and  in  view  of  the  fact  that  a  number  of  blast  furnaces 
had  to  be  blown  out  for  well-known  reasons,  and  that  in  addition  the 
power  plants  had  a  little  electric  power  to  supply  to  industries  in  the 
vicinity,  you  can  realize  how  important  it  is  for  the  plant  at  Gary  to 
have  a  solution  of  this  problem.  In  spite  of  the  fact  that  gas  furnaces 
may  be  blown  out  in  producing  pig  iron  and  steel,  yet  one  of  these 
furnaces  using  cheap  coal  can  produce  sufficient  gas  of  such  a  quality 
that  the  power  plant  can  be  kept  in  operation  just  the  same. 

Richard  Lamb. — An  internal  gas  engine,  as  compared  with  the 
turbine  steam  engine,  has  a  greater  efficiency  by  30  per  cent.;  in  other 
words,  an  internal  gas  engine  has  30  per  cent,  greater  efficiency  than  the 
turbine. 

J.  E.  Johnson,  Jr.,  New  York,  N.  Y. — Do  I  understand  you  run  the 
furnace  as  a  slagging  gas  producer,  and  charge  it  with  bad  coke,  bitumi- 
nous co^,  and  other  cats  and  dogs? 

Heinhich  J.  Freyn. — In  South  Chicago,  where  open-hearth  slag 
was  used,  the  flux  necessarily  resulted  in  a  certain  amount  of  iron,  60 
or  70  tons  per  day,  from  a  500-ton  blast-furnace.  I  understand  that  the 
pig  iron  so  produced  contains  a  great  deal  of  manganese,  and  the  credit 
for  this  particular  iron  has  kept  the  cost  of  gas  down. 

J.  E.  Johnson,  Jh. — The  statement  that  one  of  these  plants  can 
compete  with  water  power  is,  unfortunately,  I  am  afraid,  not  correct. 
There  are  a  good  many  chemical  industries  that  require  a  great  deal  of 
power,  and  it  seems  as  though  it  was  the  easiest  thing  in  the  world  to 
hitch  on  to  the  blast-furnace  to  get  power  and  make  a  secondary  profit 
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from  the  waste  gas,  but  one  of  these  proceesea,  which  I  happen  to  knov 
about,  figures  that  it  must  have  power  at  S14  or  better,  in  order  to  lire. 
Very  extensive  figures  have  been  published  by  Mr.  Freyn,  Mr.  Bacon, 
Mr.  Diehl  and  others,  in  connection  with  the  development  of  gaa  power 
by  blast  furnaces,  and  these  show  that  the  actual  cost  of  labor,  mun- 
tenance,  interest  charges,  and  depreciation,  etc.,  the  absolute  rock  bottom 
charges,  without  any  allowance  for  the  value  of  the  fuel  at  all,  figure 
about  0,3c.  per  horsepower-hour,  and  if  you  take  8,000  hr,  to  the  year, 
that  figures  at  about  924,  which  is  prohibitive. 

Heinrich  J.  Fretn. — It  should  be  in  kilowatt-hours. 

J.  E.  Johnson,  Jr. — That  would  reduce  it  below  $20,  but  with  a 
reasonable  allowance  for  fuel  it  is  still  far  beyond  the  price  which  manT 
electro-chemical  indu^ries  must  have  in  order  to  live. 

Richard  Moldenke,  Watchung,  N.  J. — In  November  last  I  saw 
in  Germany  the  operation  of  the  latest  type  of  "slaving  producer" 
made  by  Mr.  Servais,  and  was  much  interested  in  noting  the  recovery 
of  considerable  quantities  of  ferro-silicon  with  the  slag  aa  it  was  tapped 
periodically.  This  materia!  was  the  result  of  a  reduction  of  the  iron  con- 
tent in  the  ash  of  the  coke  breeze  used,  as  well  as  from  a  considerable 
percentage  of  flue  dust  added  to  the  fuel  charges.  The  ferro-mlicoD 
ran  about  12  per  cent,  in  silicon,  and  should  form  a  nice  by-product  to 
help  bear  the  cost  of  gas  production. 

J,  W.  Richards,  So.  Bethlehem,  Pa. — There  were  some  papers  read 
at  a  recent  joint  meeting  of  the  American  Institute  of  Electrical  Engineers, 
the  American  Society  of  Mechanical  Engineers,  and  the  American  Elec- 
trochemical Society,  showing  that  power  was  being  generated  in  the 
vicinity  of  New  York  City  at  0.4c.  per  kilowatt-hour,  in  the  lai^e  copper 
refineries,  this  being  the  total  inclusive  cost  of  the  power. 

Heinrich  J.  Freyn. — That  is  easy,  without  overhead  chai^, 
depreciation  and  interest. 

J.  W.  Richards. — I  understand  that  all  that  was  included. 

Edward  T.  Child. — I  ask  whether  Mr.  Freyn's  contention  would 
not  operate  more  against  the  gas  engine  than  against  the  turbine  plant 
or  steam  plant?  Is  not  the  overhead  greater  in  the  case  of  the  blast- 
furnace plant? 

Heinrich  J.  Freyn. — Yes,  a  little. 

Edward  T.  Child. — Mr.  Lamb's  proposition  was  based  on  the 
engine  itself  without  reference  to  the  overhead.  In  the  last  plant  I 
went  through  they  had  four  large  gaa  engines  and  five  turbines.  AH 
the  turbines  were  running,  one-half  of  one  engine  was  running,  and  the 
other  three  and  one-half  sets  were  out  of  service  on  that  particular 
day. 

J.  W.  Richards. — I  would  ask  Mr.  Freyn  whether  this  statement 
I  find  in  his  paper  is  quite  correct:  "Coke-oven  gaa  used  for  power 
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purposes,  or  as  fuel  in  a.  steel  plant,  does  not  require  any  illuminating 
properties."  I  have  had  the  impression  that  the  illuminating  property 
of  gas  was  a  very  valuable  property,  increasing  the  radiation  of  heat  from 
the  gas,  while  it  was  being  burned  in  the  open-hearth  furnace.  For 
the  same  reason,  if  you  extract  the  tar  from  producer  gas,  the  gas  is  not 
nearly  so  efficient  when  used  in  the  furnace,  and  I  should  suppose  that  the 
same  would  be  true  of  coke-oven  gas. 

Seinrich  J.  Frbtn, — I  must  confess  that  I  am  not  a  metallurgical 
engineer.  I  know  that  the  principal  objection  to  the  use  of  coke-oven 
gas  in  the  open  hearth  was  the  lack  of  illuminating  qualities,  because  the 
operator  could  not  see  the  flame.  If  the  tar  that  is  recovered  in  the 
by-product  plant  were  charged  back  into  the  coke-oven  plant,  it  would 
be  possible  to  recover  the  benzol,  which  is  more  valuable  as  a  motor 
fuel  to-day  then  gasoline,  and  that  would  be  more  advantageous  than  to 
burn  it  up  in  the  open-hearth  furnace. 


Scientific  InstallatioiiB  for  the  Economical  Burning  of  Liquid  Fuel 
of  Any  Specific  Gravity 

Discussion  of  the  paper  of  William  Newton  Best,  presented  at  the  New  York 
meeting,  February,  1914,  and  printed  in  Bulletin  No.  86,  February,  1914,  pp. 
267  to  277. 

E.  H.  Hamilton,  West  Norfolk,  Va.— I  think  I  was  about  the 
first  to  use  oil  in  large  reverberators,  for  copper  smelting,  and  our  records 
Bhow  that  we  got  better  results  generally  per  B.t.u.  from  the  oil  than 
from  any  other  fuel.  It  did  away  with  all  fire-box  losses  from  below  the 
grates,  and  the  boilers  could  be  regulated  to  suit  any  purpose.  Sometimes 
we  ran  the  furnace  for  steam,  and  sometimes  for  oil.  Incidentally  all  the 
time  it  was  for  smelting.  We  found  the  efficiency  of  the  smelting  de- 
pended upon  the  highest  point  of  temperature,  and  we  had  to  feed  the 
charge  at  the  hottest  point  of  the  furnace,  which  was  in  a  different  position 
from  a  furnace  fired  by  any  other  kind  of  fuel.  We  moved  the  charge 
to  suit  the  point  of  high  temperature. 

H.  0.  HOFMAN,  Boston,  Mass. — In  regard  to  the  use  of  fuel  oil,  I 
think  it  would  be  of  interest  if  Mr.  Best  made  some  remarks  upon  the  use 
of  steam  and  air  as  atomizers.  As  I  recall  it,  in  perusing  the  paper,  this 
subject  has  not  been  touched  upon.  In  smelting  sulphide  copper  ores 
in  a  reverberatory  furnace,  our  metallui^ists  have  tried  steam,  low-press- 
ure air,  and  high-pressure  air  for  atomizing;  all  have  given  up  steam  and 
low-pressure  air  and  use  air  at  a  pressure  of  12  to  14  lb. 

In  reference  to  the  remarks  made  by  the  last  speaker  about  the  high 
efficiency  of  oil,  I  may  recall  that  Mr,  Mathewson,  in  his  paper  on  the  use 
of  bituminous  coal  in  firing  reverberatory  matting  furnaces,  found  that 
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he  did  aot  derive  any  advantage  in  increasing  the  length  of  his  futnareii 
beyond  100  ft.  It  has  been  found  that  you  can  do  this  in  firing  with  oil; 
in  fact,  Mr.  Sorensen,  at  the  works  of  the  Nevada  Consolidated  Co.,  has 
in  operation  a  furnace  130  ft.  in  length;  he  believes  that  the  greatest 
permissible  length  is  140  ft.  This  may  be  due  to  two  causes:  Oneb 
the  high  calorific  power  of  the  oil,  and  the  second,  that  oil  is  fed  continu- 
ously; we  have  continuous  feeding  and  firing.  With  the  modem  method 
of  supplying  coal  to  the  copper  reverberatory  matting  furnace,  in  which 
coal  is  fed  every  10  or  15  min.  from  the  top  of  the  furnace,  there  is  ao 
interrupted  feed.  With  every  addition  of  coal  the  fire  must  cool  down. 
For  this  reason  the  temperature  in  tbeoil-fired  furnace  is  h^her  than  in  the 
coal-Sred,  and  the  beat  extends  for  a  longer  distance,  which  makes  the 
longer  furnace  possible.  The  smelting  power  is  also  greater.  Wherever 
it  is  economically  possible,  oil  has  replaced  bituminous  coal  for  firing.  A 
good  example  of  this  rivalry  is  shown  at  the  Garfield  smeltery,  where 
bituminous  coal  and  oil  were  used  at  the  same  time  in  two  furnaces  and 
where  oil  has  replaced  bituminous  coal. 

E.  W,  Parker,  Washington,  D.  C. — Professor  Hofman  might  give  us 
some  information  regarding  the  use  of  mechanical  stokers  in  metallurgicsl 
furnaces. 

Professor  Hofman. — Some  experiments  have  been  made  in  using  a 
mechanical  stoker  in  firing  a  reverberatoiy  furnace  treating  native  copper 
ore  at  Lake  Superior,  but  no  report  of  the  results  has  been  made  public 
as  yet. 

E.  H.  Hamilton. — When  I  was  at  the  Pueblo  smelter  we  fired  our 
mechanical  roasters  with  oil,  and  the  Standard  Oil  Co.  kept  putting  up 
the  price,  so  we  put  in  mechanical  stokers,  and  they  worked  very  effi- 
ciently. The  stoker  was  called  the  American  stoker,  and  with  certwn 
coals  it  worked  very  well. 

Karl  Nibecker,  Youngstown,  Ohio. — I  notice  that  Mr.  Best  gives 
some  values  for  the  amount  of  oil  used  in  various  heating  furnaces  which 
would  be  equivalent  to  1  ton  of  coal  burned  in  the  same  type  of  fiunace. 
I  would  like  to  know  whether  these  values  are  compared  with  coal 
burned  in  the  furnaces,  or  in  the  form  of  gas.  As  powdered  coal  appears 
to  be  one  of  the  most  economical  methods  of  burning  the  fuel  for  heating 
furnaces,  can  Mr.  Best  give  ua  any  comparisons  of  the  amount  of  coal 
required  in  a  heating  furnace,  as  compared  to  a  ton  of  powdered  coal? 
As  there  at  present  seems  to  be  some  doubt  about  the  value  of  powdered 
coal  in  a  boiler,  I  do  not  feel  that  that  phase  of  the  comparison  would  be 
of  such  vital  interest." 

If  Mr.  Best  has  any  comparative  figures  along  these  lines  I  feel  that 
they  would  be  of  considerable  value  to  operators  of  heating  furnaces. 

Leonard  Waldo,  New  York,  N.  Y. — With  fuel  oil  things  can  be  done 
and  quickly  done  that  are  harder  to  do  in  any  other  way.    The  heat 
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gradient  can  be  pushed,  instead  of  lagging  along  for  hours.  It  can  almost 
be  put  on  a  stra^bt  Une.  That  comes  from  the  extremely  efiScient  way 
in  which  the  oil  can  t»e  buraed. 

In  regard  to  the  calorific  value,  the  B.t.u.  per  pound,  of  18,493,  given 
for  Mexican  oil,  I  would  say  that  many  samples  increase  thia  to  19,200, 
from  which  follows  this  corollary:  That  gallon  per  gallon  it  is  higher  than 
any  other  oils,  but  pound  for  pound  is  somewhat  less,  as  Mexican  crude 
oils  have  a  h^h  specific  gravity.  In  regard  to  the  details  through  this 
paper  of  the  burning  apparatus  for  burning  oil,  no  one  who  has  not  ex- 
perienced the  burning  in  the  field  can  know  the  value  of  these  suggestions. 
It  is  necessary  that  you  should  lead  the  horse  to  water,  before  he  takes 
his  drink,  and  in  regard  to  these  fuel  oils,  at  2,000  seconds  on  the  visco- 
meter, ordinary  temperature  of  outside  air,  the  oils  may  refuse  to  move, 
even  though  your  pumps  may  be  forced  to  the  point,  where  the  gaskets 
break  out  and  your  pipes  split.  Therefore,  we  owe  great  thanks  to  the 
gentleman  who  has  spoken,  for  the  careful  way  in  which  he  has  set  out 
the  practical  details.  I  do  not  know  that  they  occur  in  any  other 
literature. 

In  regard  to  flash  tests  and  the  fire  risks  of  oil,  the  literature  is  based 
on  the  old  flash  and  combustion  points,  which  have  crept  in  from  the 
petroleum  series,  and  when  a  Mexican  crude  oil  comes  with  a  fiash  point 
of  125°  we  feel  that  to  use  that  on  our  work  would  insure  our  early  de- 
parture from  this  world.  But  these  flash  points  are  determined,  and  the 
amount  of  actual  vapor  with  126°  flash  point,  in  perhaps  1  or  2  per  cent, 
of  the  great  bulk  of  the  oil.  Only  1  or  2  per  cent,  of  it  has  that  Sash  point. 
It  will  make  its  first  flash,  and  the  flash  point  is  recorded  as  being  125°, 
whereas  that  is  the  flash  point  of  but  a  very  small  fraction  of  the  oil,  and 
the  total  amount  of  vapor  lying  on  the  top  of  that  oil  is  so  slight  that  the 
oil  will  flash  like  lycopodium  in  a  theater. 

I  was  standing  by  some  laborers  who  had  a  fear  of  the  oil,  and  one  said, 
"I  am  going  to  try  the  stuff.  Come  with  me."  He  filled  a  galvanized 
bucket  with  the  oil,  got  a  light  at  the  furnace,  and  plunged  it  in  the  bucket. 
Nothing  happened,  only  the  light  was  put  out.  The  same  conditions 
govern  the  experiments  at  sea.  In  the  case  of  the  "Voltumo,"  the 
waves  were  covered,  and  if  it  had  a  dangerous  pomt  it  would  have  been 
shown  there.  We  must  revise  our  whole  idea  of  flash  points  when  they 
relate  to  a  very  small  fraction  of  a  mass  of  the  oil,  the  total  sum  of  which 
IB  insufficient  to  raise  the  temperature  of  the  whole  body  above  a  fraction 
of  a  degree.  If  you  have  a  large  tank  of  oil,  and  you  are  carrying  a  10-ton 
mass  to  be  cooled  or  quenched  in  oil,  sometimes  the  heat  of  the  large  mass 
will  raise  the  temperature  of  the  mass  of  oil  to  a  dangerous  point.  But  if 
you  have  a  trundle  bed  and  a  roof  shoved  out  and  covering  the  tank,  the 
whole  conflagration  is  at  once  extinguished,  and  you  have  a  safe  use  of 
these  oils.    Where  you  have  a  quick  extinguisher  for  the  oil,  it  is  safe. 
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Now,  in  regard  to  the  use  of  air  or  steam  for  atomization:  In  the 
furnaces,  it  does  not  seem  to  make  very  much  difference  which  is  used,  as 
farasthcatomizationof  theoil  is  concerned,  but  there  are  certain  indirect 
advantages  in  using  air.  I  cannot  refer  to  them  here,  as  they  involve  the 
chemistry  of  combustion;  but  steam  is  used  at  some  important  furnaces 
for  atomization,  and  it  is  very  effective,  but  in  those  cases  the  air  supply  is 
carefully  regulated  from  other  sources. 

Our  literature  is  lacking  most  in  viscosities  at  varying  temperatures. 
Fortunately  for  us,  but  unfortunately  for  our  predictions,  the  viscoaty 
curve  for  these  heavy  oils  must  be  considered.  It  increases  rapidly  after 
it  reaches  40°  or  45°  F.,  and  then  it  goes  up  very  rapidly.  I  would  like  to 
suggest  to  the  Bureau  of  Mines  that  we  desire  additional  information  in 
that  field. 

W.  N.  Best. — In  relation  to  the  atomization  of  the  oil,  either  steam 
or  air  may  be  used  to  atomize  the  oil.  When  using  heavy  oil  in  large 
furnaces  it  is  necessary  to  use  air  or  steam  at  80  lb.  pressure  in  order  to 
thoroughly  atomize  the  required  quantity  of  oil  and  distribute  the  heat, 
but  small  furnaces  require  only  about  20  lb.  pressure.  In  either  case 
about  forty-nine-fiftieths  of  the  air  requisite  for  combustion  passes  in 
through  the  air  nozzle  at  3  oz.  pressure,  and  therefore  you  have  the  strict- 
est possible  economy  by  using  a  small  quantity  of  air  or  steam  to  atom- 
ize the  oil  and  distribute  the  heat  and  admitting  the  additional  air  re- 
quired through  a  nozzle  at  low  pressure.  Relative  to  the  economy  of 
using  steam  and'  air  at  80  lb.  as  atomizer,  air  will  show  a  saving  over 
steam  of  over  12  per  cent,  in  fuel,  but  it  requires  8  per  cent,  of  the  oil 
saved  to  compress  the  air;  therefore  you  have  a  net  saving  by  the  use  of 
air  over  steam  of  4  per  cent,  in  fuel. 

Now,  answering  the  question  relative  to  pulverized  coal:  The  figures 
given  relate  to  bituminous  coal,  and  it  is  referred  to  in  the  paper  as  bi- 
tuminous coal.  I  have  had  no  experience  in  running  tests  agfunst  pul- 
verized coal. 

The  data  given  in  this  paper  are  the  result  of  26  years'  hard  woric,  and 
thousands  of  tests,  and  there  is  not  a  week  but  men  come  into  my  office 
and  say,  "Mr.  Best,  we  want  our  boilers  equipped;  we  have  gotten  on  so 
successfully  with  our  furnaces  that  we  want  the  boilera  equipped  with  oil 
also."  But  I  have  refused  to  do  it,  as  I  know  the  additional  quantity  of 
oil  required  to  represent  a  ton  of  coal  in  the  boilers,  whereas,  in  furnaces  a 
60  per  cent,  economy  over  coal  is  often  effected. 

E.  Gtbbon  Spilsburt,  New  York,  N.  Y. — Dr.  Waldo  seems  to  place 
emphasis  on  the  fact  that  there  is  little  or  no  difference  in  the  use  of  steam 
instead  of  air  for  atomizing  the  oil  used  either  for  melting  or  heating  iron  or 
steel.  I  would  like  to  strike  a  note  of  warnii^  against  the  use  of  steam  in- 
stead of  air  as  a  means  of  introducing  liquid  fuel  into  iron-melting  or  heat- 
ing furnaces.    An  experience  I  had  some  years  ago  demonstrated  the 
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danger  of  the  use  of  water  vapor  for  this  purpose.  About  1887-88,  the 
Bethlehem  Iron  Co.  introduced  the  Archer  water-gas  producers  for  their 
billet-heating  furnaces,  and  as  it  turned  Out  later  the  results  were  very 
disastrous.  At  about  the  same  time  I  adopted  the  same  method  for 
heating  furnaces  at  the  works  of  the  Trenton  Iron  Co.  The  billets  I  had 
been  purchasing  from  the  Bethlehem  Iron  Co.  had  always  been  extremely 
soft  and  ductile;  in  fact,  the  company  had  made  a  great  reputation  for 
itself  on  this  particular  brand  of  open-hearth  billets.  All  at  once  the 
character  of  the  steel  changed  entirely  and  it  became  so  brittle  as  to  make 
it  absolutely  worthless.  Invest^tions  carried  on  both  by  our  company 
and  the  Bethlehem  Iron  Co.  failed  to  show  any  cause  for  this  remarkable 
change  of  character;  the  records  of  the  heat — taken  from  the  open  hearth 
where  the  billets  were  made — showed  no  change  from  former  practice, 
and  the  analyses  of  the  material  were  exactly  the  same  as  they  had  been 
for  years  previous.  Nothmg  that  we  could  do  in  the  way  of  annealing 
or  slow  cooling  seemed  to  have  any  effect  on  the  material.  Finally, 
Porter  Shimer,  after  making  a  number  of  very  exhaustive  analyses, 
called  my  attention  to  the  fact  of  a  larger  evolution  of  hydrogen  gas 
in  dissolving  this  material  than  he  had  noticed  in  other  steels.  In  tracing 
the  matter  back  it  was  found  that  the  beginning  of  the  trouble  was  coinci- 
dent with  the  introduction  of  the  Archer  producers,  and  it  was  entirely 
remedied  when  ordinary  producer  gas  was  used  in  the  heating  furnaces 
instead  of  that  produced  by  the  Archer  method.  It  was  evident  that  the 
brittlenes3  of  the  steel  was  due  to  the  absorption  of  hydrogen  by  the  hot 
steel  the  moment  it  came  in  contact  with  this  hydrogen  in  its  nascent 
state.  While  we  found  that  annealing  in  the  ordinary  pot  method  failed 
to  reduce  or  drive  off  the  hydrogen,  it  was  demonstrated  later  that  a 
gradual  occlusion  of  the  hydrogen  took  place,  so  that  after  some  few 
months'  exposure  to  the  air  billets  and  rods  would  recover  their  ductility 
almost  to  the  same  extent  as  similar  material  which  had  not  been  exposed 
to  the  hydrogen  effect. 

David  T.  Dat,  Washington,  D.  0. — I  would  like  to  ask  Mr.  Best  what 
he  means  by  the  vaporization  point;  and  I  would  like  to  ask  Mr.  Waldo 
what  oil  was  on  the  tank  steamer  that  blew  up  in  the  river,  where  it  came 
from,  and  what  its  flash  point  was. 

W.  N.  Best. — The  point  at  which  the  oil  when  heated  casts  off  visible 
vapors.  For  example,  the  Mexican  oil  vaporizes  at  175°  F,  or  thereabouts 
and  you  ordinarily  carry  a  temperature  of  about  160°  F.  on  the  oil  line 
to  burners.  If  you  carry  it  at  180°  F.  there  will  be  noticeable  puffs  of 
flame  from  the  burner,  simply  because  the  vapor  and  the  oil  pass  inter- 
mittently out  of  the  burner. 

Mr.  Dat. — I  only  want  to  know  how  you  distinguish  that  from  the 
ordinary  flash  point. 

W.  N,  Best. — I  do  not  deal  with  flash  points  in  my  paper.    There  are 
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two  diSFerent  ways  of  diBtu^uisIiiDg  the  vaporizing  point:  one  is  hy  tbe 
color  of  the  flame  in  the  furnace  (one  moment  there  beii^  perfect  com- 
bustion and  the  next  imperfect  combustion),  and  the  other  is  by  the  un- 
steady noise  while  the  burner  is  in  operation. 

Mb.  Dat. — Then  how  would  you  determine  the  vaporization  point,  the 
point  at  which  it  vaporizes? 

W.  N.  Best. — That  is  determined  by  heating  it  with  steam  in  a  smalt 
receptacle,  as  shown  in  Fig.  1.    The  tempM'ature  of  steam  at  100  lb.  is 
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338°  F.  Soon  perceptible  vapors  will  arise  from  the  oil  in  the  receptacle, 
and  as  soon  as  that  occurs  you  have  the  temperature  at  which  the  oil 
vaporizes. 

C.  W.  Washbukne,  Washington,  D.  C— Isn't  it  true  that  all  hy- 
drocarbons have  a  vapor  pressure,  and  that  there  is  some  vapor  escap- 
ing at  all  pressures;  and  there  can  be  no  scientific  point  determined?  It 
must  be  some  particular  point  at  which  a  great  deal  of  vapor  is  given  off, 
and  I  should  think  that  was  variable. 

W.  N.  Best, — It  is  true  that  some  imperceptible  vapor  is  constantly 
passing  from  the  oil,  but  that  to  which  I  refer  is  the  vapor  formed  in  large 
quantities  when  the  oil  is  heated  in  order  to  reduce  its  viscosity,  as  de- 
scribed in  my  article.  When  the  oil  is  heated  beyond  a  certain  point, 
vapor  forms  and  causes  an  intermittent  flow  of  oil  through  the  burner. 
The  oil  should  be  heated  to  just  below  the  temperature  at  which  vapor  in 
large  quantities  is  generated  and  that  temperature  can  be  maintained 
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within  5°  or  6°  by  the  operator.  I  now  refer  to  heavy  oil,  for  light  fuel 
oil  does  not  require  heating. 

E.  H.  Hamilton,— We  used  to  burn  300  barrels  a  day,  and  when  we 
sampled  it  with  the  same  accuracy  that  we  sampled  gold  and  silver  and 
copper  ores,  I  found  the  B.t.u.'s  were  lower  than  the  published  statements. 
This  was  probably  due  to  water  in  suspension,  but  it  is  a  fact  that  when 
wetested  those  samples  for  B.t.u.,  we  did  not  get  as  high  results  as  we  were 
supposed  to  get. 

Leonard  Waldo. — Vapor  is  generated  from  all  oils.  I  think  we  will 
see  a  complete  change  in  our  literature  on  the  subject  of  fiash  tests  of  oil. 

Now,  Mr.  Spilsbury  has  asked  a  question  which  I  thoi^ht  I  had  con- 
cealed under  the  remark  that  we  would  not  touch  on  the  chemistry  of  the 
burner.  But  he  raises  the  question.  Atomizing  oil  has  a  two-fold  func- 
tion; one  is  to  atomize  the  oil,  get  it  into  a  smaller  molecule  and  deliver  it 
in  small  quantities  at  distances  of  40  or  30  or  100  ft.,  and  that  takes 
pressure.  In  many  plants  they  prefer  to  substitute  steam  for  the  purpose, 
for  while  it  is  easy  to  get  steam  over  100  to  120  lb.,  it  is  hard  to  get  air,  and 
therefore  while  the  contention  of  the  members  is  quite  true,  there  are 
steel  makers  toKlay  who  adhere  to  the  use  of  steam  against  this  advice, 
and  with  as  good  result  as  in  its  use  on  the  locomotive.  I  personally  use 
air,  and  will  go  to  any  pains  to  get  the  air  for  that  purpose. 

In  regard  to  that  explosion:  Explosions  will  take  place  in  an  oil  tank 
when  it  is  relatively  empty.  It  is  only  necessary  to  have  a  small  quantity 
of  oil  in  the  tank,  and  a  careless  workman  who  insists  on  Ughting  his  pipe 
in  the  bottom  of  the  tank,  and  all  the  data  of  your  experiment  can  be 
measured  afterward,  and  the  original  proportions  for  it  are  there. 

Now,  in  these  explosions  at  sea,  I  tried  to  get  the  data.  Id  regard  to 
the  one  cited,  I  have  no  data  as  to  that.  But  in  cases  at  sea  where  bad  ex- 
plosions have  taken  place  from  the  Sare-back  of  a  flame  under  the  boiler, 
they  would  have  been  avoided  if  the  oil  had  been  used  more  economically, 
and  burned  in  the  cylinder  of  the  engine.  Oil  properly  used  and  stored  is 
statistically  a  safer  fuel  than  coal. 


Should  the  Apez  Law  be  Tfow  Repealed? 

Ducuaeion  of  the  paper  of  Charles  H.  Shahbl,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  BvlUtin  No.  88,  April,  1914,  pp.  635  to  M4. 

R,  W.  Raymond,  New  York,  N.Y, — I  wish  to  thank  Mr.  Shamel  for 
his  vigorous  presentation  of  that  side  of  the  question  before  us,  on  which, 
if  one  should  j  udge  from  the  contributions  here  presented,  he  stands  fJone. 
For,  in  the  first  place,  he  does  not  in  fact  stand  alone,  but  is  backed  by  a 
host  of  citizens  in  the  States  affected  by  the  "  apex  law, "  who  have  often 
exhibited  heretofore  their  opposi  tion  to  its  repeal  by  the  pressure  they  have 
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brought  to  bear  upon  their  Coi^ressmen,  some  of  whom  have  been  retired 
to  private  life,  apparently  as  a  penalty  for  supporting  that  reform.  More- 
over, many  intelligent  and  pubUc-spirited  persons  have  ably  supported 
his  view  in  other  publications  than  our  TranmctioTia;  and  I  may  say  with- 
out discourtesy  that  the  most  complete  refutal  of  Mr.  Shamel's  argument 
would  leave  other  and  stronger  presentations  of  his  case  yet  to  be  con- 
sidered. But  if  he  did  stand  alone,  he  would  still  be  not  only  entitled, 
but  cordially  welcome,  to  a  hearing  here;  and,  after  any  amount  of  dis- 
cussion, from  which  he  emerged  &s  victor  or  victim,  he  would  be  warranted 
in  demanding  that  the  Institute  should  not,  by  any  official  act  or  expres- 
sion, commit  itself  to  either  side  of  this  or  any  other  question.  For  by 
its  immemorial  tradition,  as  well  asits  former  and  its  present  Constitution, 
the  Institute  is  a  forum  for  discussion,  and  not  a  tribunal  for  adjudication. 

As  is  well  known,  I  have  been  for  many  years  an  earnest  opponent 
of  the  principle  of  the  apex  law.  And  I  cannot  but  be  pleased  to  find  that 
my  professional  colleagues  and  fellow-members  so  generally  approve  the 
views  on  that  subject  which  I  have  so  frequently  expressed  since  my  first 
papOT  was  presented  at  theTroy  meeting,  in  1883.*  Yet  I  would  not  have 
the  Institute  transcend  its  proper  sphere  by  formally  advocating  even  this 
reform,  so  dear  to  me,  and,  in  my  judgment,  so  important  to  the  mining 
industry.  With  this  explanation  I  shall  proceed  to  offer  a  reply  to  some 
of  the  statements  contained  in  Mr.  Shamel's  paper. 

Mr.  Shamel's  excellent  elementary  statement  as  to  the  foundation  of 
law  in  custom,  no  one  will  care  to  dispute.  But  in  his  hands  it  is  a 
boomerang;  for  the  apex  provision  of  the  Act  of  1872  was  a  monstrous 
violation  of  all  known  customs.  The  customary  initiation  of  mining 
titles  was  discovery.  Nobody  had  dreamed  of  granting  to  a  prospector 
mining  rights  upon  a  vein  which  he  had  not  discovered — especially  upon 
a  vein  which  somebody  else  had  discovered.  And  the  covering  of  an 
undiscovered  "apex"  with  a  claim  located  for  the  convenient  workii^  of 
another  and  altogether  separate  vein,  hod  never  been  dreamed  of  as  a 
l^itimate  basis  of  title  against  a  real  discoverer,  who  had  developed  the 
vein  by  shaft  or  tunnel.  Nobody  had  evet  beard  of  an  "apex."  The 
dictionaries  said  it  was  a  point;  the  statute  said  it  was  a"  top;"  the  courts 
finally  declared  it  to  be  an  edge,  and  then  defined  this  edge  as  a  surface. 
But  the  custom  of  miners,  which  Mr.Shamel  r^ards  as  the  sacred  founda- 
tion of  law,  had  nothing  to  say  about  it.  Upon  this  absolute  vacuum  the 
apex  was  builded.  Mr.  Shamel's  eloquent  assertion  of  the  merits  and  the 
due  reward  of  the  prospector  and  discoverer  condemns  this  fanciful  and 
unprecedented  invention  of  a  new  structure  of  law,  of  wliich  the  base  was 

■TheLswofthe  Apex,  Tr(in».,j[U,  387  (1883-S4).  SeealBomymibsequeiitp^taB: 
The  Law  of  the  Apex,  Appendix,  Ttotu.,  xii,  677  (1883-84);  Lode-looatioiu,  Tran*.,  xv, 
272  (1886-87);  End-b'nea  and  Side-lines  in  the  U.  8.  Mining  Law,  Tran*.,  xvii,  787 
(1388-89);  Imaginary  Boundaries,  Tram.,  xviii,  182  (1889-00). 
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miiiiag  litigation."  I  have  not  been  able  to  trace  this  vague  reference 
far  enough  to  ascertain  what  was  the  statement  of  mine  to  which  it 
alludes;  but  I  have  found  the  place  which  Mr.  Shamel  r^ards  as  his 
authority,  namely,  a  letter  in  the  Engineering  and  Mining  Journal,  the 
writer  of  which  ascribes  to  me  the  statement  that  "the  'extra-lateral' 
underhes  99.9  per  cent,  of  our  mining  litigation, "  and  says  that  in  the 
San  Juan  region  of  Colorado  the  proportion  is  the  other  way,  "at  least, 
80  far  as  the  number  of  cases  is  concerned  "—the  overwhelming  majority 
being  "adverse"  suits,  to  say  nothing  of  other  suits  over  grub-stakes, 
division  of  interests,  trusteeships,  etc.  This  passage  is  given,  without 
its  context,  in  Shamel's  Mining,  Mineral  ajid  Geological  Law,  p.  273.  I 
need  only  say,  with  regard  to  it,  that  I  do  not  regard  all  litigation  among 
miners  as  "mining  litigation."  Contests  concerning  advances  of  capital, 
tools  or  materials,  on  promise  of  participation  in  the  prohts  of  an  adven- 
ture, are  not  peculiar  to  mining,  though  the  advance  may  be  called  a 
"grub-stake."  Nor  are  contests  over  the  division  of  interests,  trustee- 
ships, etc.,  mining  litigation,  though  they  may  concern  property  in  mines 
or  ores.  But  the  "adverse"  suits,  said  to  constitute  in  San  Juan  the 
overwhelming  majority,  are  fights  over  the  priority  or  validity  of  possess- 
ory titles  to  surface  locations,  carrying  extra-lateral  mining  rights  which 
are  limited  by  the  surface  lines.  These  prospective  rights  invariably 
underlie  such  conflicts.  For  the  grant  of  the  United  States  is  not  definite, 
but  conditional  and  uncertain;  and  the  surrender  by  a  locator  of  a  portion 
of  his  surface  area,  otherwise  worthless,  may  lose  for  him  a  yet  undis- 
covered "apex,"  with  unknown  possibiUties  in  depth,  or,  by  changing 
his  surface  lines,  may  abridge  his  rights  upon  the  "discovery"  vein  over 
the  apex  of  which  (known,  but  not  yet  fully  traced  throughout  the  claim) 
he  has  made  his  location.  This  is  the  reason  that  "adv^'se"  suits  are  so 
frequent  and  so  bitter  with  regard  to  mining  claims.  I  must  conclude 
that  the  correspondent  of  the  Journal  confined  his  account  of  lawsuits 
"  underlain  by  the  extra-lateral "  to  those  in  which  the  nature  and  limits 
of  that  right  were  the  questions  at  issue,  excluding  those  in  which  the 
right  itself  was  in  whole  or  part  the  object  or  the  cause  of  controversy. 
I  think  Mr.  Shamel  has  fallen  into  the  same  error. 

He  declares  himself  to  have  been  surprised  at  the  result  of  his  inves- 
tigation. It  is  the  method,  not  the  result,  which  surprises  me.  He  sorts 
5,808  cases  contained  in  Morrison's  Reports  into  two  classes,  those  in 
which  the  prefatory  syllabus  mentions  apex  rights,  and  those  in  which  it 
does  not.  And  he  finds  only  1 15  in  the  first  class,  and  5,693  in  the  second. 
Whereupon  he  declares  that  the  apex  cases  are  only  about  1.9  per  cent, 
of  the  whole,  and  that  the  chief  argument  against  the  apex  law  "  is  based 
on  a  gross  mistake  as  to  the  facts  in  the  case."  Mr.  Shamel  suggests  a 
psychological  explanation  of  the  enor,  avoiding  the  necessity  of  chaiging 
the  authors  with  "willful  falsehood. "    But,  while  grateful  for  hisgoodwill, 
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I  prefer  another  explanation,  equally  protecting  my  honor,  and  not 
impugning  my  common  aense.  The  amount  of  mining  titration  due  to 
the  apex  law  is  not  measured  by  the  number  of  leading  cases  in  which 
questions  of  apex  rights  are  directly  decided,  but  by  the  time,  money,  and 
l&bor  expended  on  lawsuits  under  this  mining  law,  by  reason  of  its  apex 
rights.  The  argument  which  Mr.  Shamel  controverts  is  based  on  the 
injury  to  the  mining  industry  wrought  in  this  respect  by  the  law;  and  that 
injury  consists  in  the  uncertainty  of  mining  titles,  which  involves  constant 
risk  of  litigation,  and  the  nature  of  the  litigation  thus  caused,  which 
makes  it  ruinously  expensive — including,  as  it  often  does,  costly  under- 
ground dead  work,  interfering  with  productive  operation;  the  preparation 
of  special  maps,  sections,  and  models;  and  the  work  of  experts  for  long 
periods,  as  well  as  the  costs  of  the  long  trials  themselves. 

Lawyers  are  well  aware  that  a  court  will  not  decide  a  point  of  law  not 
properly  before  it  in  the  case  under  trial.  This  principle  has  been  illus- 
trated over  and  over  again  in  theU.  S.  Supreme  Court,  by  the  decision  of  a 
case  on  some  point  of  procedure,  which  rendered  it  unnecessary  to  pass 
upon  the  weightier  questions  at  issue.  It  follows  that  numerous  cases, 
supposed  to  involve  the  construction  of  the  apex  law,  and  carried  up  to  the 
TJ.  S,  Supreme  Court  for  the  purpose  of  obtaining  such  a  conatruction,  were 
sent  back  to  be  tried  again,  because  of  defects  which  settled  the  contro- 
versy anyhow,  without  solving  the  more  difficult  problems  presented. 
The  report  of  such  a  case  would  say  in  its  syllabus  nothing  about  the 
apex  law,  though  the  case  itself  would  never  have  existed  at  all,  or  would 
never  have  been  carried  so  far,  but  for  that  peculiar  law. 

Again,  many  cases  really  caused  by  the  apex  provision,  go  up,  even  to 
the  U.  S.  Supreme  Court,  on  interlocutory  proceedings.  Several  of  the 
suits  of  the  Montana  Mining  Co.  described  in  Mr.  Goodale's  paper,*  as 
Weil  as  others,  which  he  has  omitted  to  mention,  belong  in  this  category; 
and  I  could  add  to  the  number  from  my  own  experience. 

Moreover,  a  large  number  of  litigated  controversies  concern  operations 
in  what  might  be  called  the  extra-lateral  region,  though  they  do  not 
involve  the  construction  of  the  extra-lateral  right.  These  cases  are 
chargeable  to  the  apex  law,  because  they  could  not  possibly  have  arisen 
without  it.  In  every  such  case,  no  matter  what  legal  question  is  involved, 
the  parties  must  show  their  respective  titles,  and  the  apex  is  immediately 
an  issue,  though  it  may  not  appear  in  the  syllabus. 

Still  more  important  is  the  chcumstance  that  the  vast  majority  of 
miuiog  cases  decided  in  the  State,  or  Federal  district,  courts  do  not  get 
to  the  U.  S.  Supreme  Court.  A  very  few  decisions  of  that  tribunal  have 
controlled  the  opinions  of  the  courts  below,  in  innumerable  instances. 
The  same  is  true  of  the  decisions  of  the  State  Supreme  Courts.     Conse- 

'  The  Apex  Law  in  the  Drumlummoa  Controversy,  BtilUlin  No.  89,  Mi^,  1914,  pp. 
745  to  758. 
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quently,  the  leading  cases  selected  by  Morrison  as  autboritative  in  the 
construction  of  the  apex  law  f  urnisb  no  measure,  even  of  tbe  number  (to 
say  nothing  of  tbe  importance  and  cost)  of  the  contests  caused  by  that 
law. 

Mr.  Shamel  reminds  us  that  all  laws — even  the  Ten  Commandnients 
— can  be  violated.  The  obvious  reply  is,  that  the  Decalogue  can  be 
easily  understood,  while  the  apex  law  cannot;  and  that  the  prindpal 
victims  of  the  latter  are  those  who  have  conscientiously  tried  to  obey  it. 
Mr.  Goodale's  paper,  already  cited,  tells  but  one  story  out  of  many,  which 
go  to  explain  the  present  reluctance  of  capitalists  to  invest  in  mining 
property  carrying  the  incubus  of  this  law,  under  which  do  title  is  safe 
against  attack  based  on  "new  developments,"  or  new  geological  tbetmes. 

Mr.  Shamel  adduces  the  famous  litigation  over  the  New  Jersey  nnc 
mines  as  a  sample  of  what  might  take  place  under  a  law  cot  granting 
extra-lateral  rights.  Since  he  describes  this  case  at  length  in  his  book,  be 
must  be  aware  that  it  originated  in  the  granting  of  two  mining  leases  on 
the  same  land — one  for  franklinite  and  iron  ores,  and  the  other  for  anc 
and  other  ores — and  that  the  only  mining  question  involved  in  it  was  the 
distinction  between  these  substances — the  minerals  themselves  being 
mixed  in  the  deposits  mined.  But  the  Utigation  was  prolonged  for  50 
years  by  the  appearance  of  new  parties,  disputes  over  intermediate  con- 
veyances, and  other  controversies  which  had  nothing  to  do  with  mining 
law.  The  protracted  war  ended  in  a  compromise  between  the  grantees 
of  the  parties  long  dead;  but  there  was  no  time  during  its  existence  when 
tbe  construction  of  the  law  involved  either  the  least  difficulty  or  the  least 
advantage  to  either  party.  Under  any  law,  men  may  make  ambiguous 
contracts,  and  their  grantees  may  fight,  if  they  see  fit,  over  the  intw- 
pretation  thereof.  It  is  the  peculiarity  of  the  apex  law,  that  it  grants 
without  definition,  and  leaves  its  grantee  open  to  attack  forever.  Besides, 
the  New  Jersey  case  is  unique,  whereas  the  attacks  upon  the  bona  fide 
purchasers  of  the  U.  S.  mineral  lands  are  innumerable.* 

But  Mr.  Shamel,  while  opposing  the  repeal  of  the  apex  law,  modestly 
proposes  a  few  amendments  of  it,  which  would  be  as  revolutionary  as 
anything  he  deprecates.  He  would  have  the  apex  section  "re-stated," 
so  as  to  contain  the  results  of  careful  comparison  and  codification  of  the 
decisions  of  the  courts,  and  give  full  details  for  their  application  "  to  all 

*  In  his  dismisaion  of  Mr.  Winchell'a  paper,  which  I  have  seen  whfle  writing  out 
these  remarks  for  publication,  Mr.  Shamel  presents,  as  another  instance  of  prolonged 
litigation,  the  prosecution  of  Preetnao,  Hawthorne  and  others  for  oriminal  misuse  (rf 
the  U.  S.  post  offioe  in  the  promotion  of  vulgar  mining  swindles.  1  do  not  see  the 
pertinency  of  this  illustration.  The  ease  with  which  fraudulent  enterprises  can  b« 
promoted  by  chculars,  offering  stock,  is  notorious.  It  is  estimated  that  $100,000,000 
has  been  extracted  from  credulous  investors  by  that  method.  Time  and  money  are 
well  spent  in  proeecu  ting  such  criminals,  and  we  do  not  call  the  prosecution  unneeenaiT 
"utigation. " 
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the  different  situations  of  veins  or  other  deposits,  boundaries,  etc.,  that 
have  arisen  in  the  past  or  that  may  be  reasonably  likely  to  arise  in  the 
future."  This,  he  thinks,  "would  enable  miners  to  determine  their 
rights  for  themselves. " 

But  this  is  only  the  beginning.  The  law  should  also  contain  geolog- 
ical definitions  of  the  specific  kinds  of  deposits  to  which  it  applies.  These 
should  be  as  complete  and  accurate  as  the  resources  of  modern  economic 
geology  afford.  Of  course,  Mr.  Shamel,  being  a  lawyer,,  knows  that  if  the 
law  authorizes  the  conveyance  of  extra-lateral  right  in  certain  classes  of 
deposits  in  place,  and  not  in  certain  other  classes,  then  the  conveyance, 
by  patent,  of  such  rights  upon  a  given  deposit,  supposed  to  belong  to  the 
former  class,  would  be  absolutely  void,  as  an  unauthorized  act  of  the 
Executive,  if  the  deposit  should  be  shown,  at  any  subsequent  time,  to 
belong  to  the  other  class.  No  matter  how  many  years  of  undisputed 
possession  might  have  elapsed;  the  grant  having  been  void  at  the  begin- 
ning, the  grantee  would  be  liable  to  ejectment  from  his  extra-lateral 
ground,  and  to  damages  for  the  trespass.  This  danger  exists  in  the 
present  law.  But  Mr.  Shamel'  s  amendment  would  make  it  more  acute 
and  more  complicated;  I  notice  that  he  includes  "volcanic  necks" 
among  theelasses  to  which  he  would  have  the  law  apply.  But  he  does  not 
say  how  the  course  of  the  apex  of  a  volcanic  neck  is  to  be  determined. 

A  further  recommendation  of  Mr.  Shamel,  which  he  thinks  still  more 
important,  is  that  "the  enjoyment  of  extra-lateral  rights  to  any  subse- 
quently located  claim"  shall  "  depend  on  the  results  of  an  examination 
by  competent,  impartial  scientific  authorities,  instead  of  a  battle  of  al- 
lied experts  in  a  law  court  before  a  jury." 

I  do  not  exactly  understand  the  force  of  "subsequently  located"  in 
this  statement.  Under  the  present  law,  the  rights  of  junior  locators  are 
afa-eady  subordinated  explicitly  to  those  of  senior  locators;  and  the 
majority  of  disputes  about  mining  titles  originate  in  claims  on  the  part  of 
the  senior  locator  to  extra-lateral  rights  which  he  asserts  and  his  oppon- 
ents deny.  In  every  such  controversy,  one  party  is  prima  fade  the 
senior,  and  the  other  the  junior,  locator.  Does  Mr.  Shamel  propose  that 
the  senior  locator  shall  have  whatever  he  claims,  while  an  impartial 
scientific  board  shall  determine,  not  only  whether  the  junior  locator  has  a 
good  defense,  but  whether  he  has  any  extra-lateral  rights  at  all?  Moreover, 
under  the  present  law,  in  a  controversy  over  apex  rights,  the  junior 
locator  may  have,  and  always  professes  to  have,  the  apex  covering  the 
ground  in  dispute.  If  he  is  right,  then  he  is  really  the  senior  locator  on 
that  particular  apex;  that  question  of  fact  would  have  to  be  determined 
before  the  impartial  scientific  board  could  act  at  all;  and  when  it  was 
determined,  there  would  be  no  need  of  the  board. 

After  careful  study,  I  reached  the  conclusion  that  Mr.  Shamel  meant 
simply  the  substitution,  in  the  trial  of  "extra-lateral"  controversies,  of  ,an 
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impartial  board,  instead  of  experts  paid  by  the  respective  parties,  with  the 
further  difFerence  that  the  decision  of  this  board  should  be  binding  upoo 
judges  and  juries,  and  reviewable  only  by  a  higher  board  of  the  same 
character — "  not  a  court. "  This  proposition  is  at  least  coDceivable  and 
debatable,  though  it  involves  the  overthrow  of  the  present  principles  of 
our  jurisprudence,  the  denial  of  the  right  of  a  citizen  to  appeal  for  justice 
to  the  courts  of  his  country,  the  conferment  of  judicial  authority  upoo 
officials  neither  elected  by  the  people  nor  appointed  with  primaiy  refer- 
ence to  their  abihty  to  construe  or  administer  the  law.  In  the  administn- 
tion  of  justice,  such  boards  may  advise,  but  the  courts  must  decide. 

But  on  reading  further,  we  find  that  Mr.  Shamel  proposes  his  sdeotific 
board,  not  to  settle  controversies  but  to  prevent  them.  His  plan  is,  that 
a  claim  owner,  after  due  notice  to  adjacent  claim  owners,  shall  apply  to 
the  U.  S.  Geological  Survey  (or  some  other  scientific  authority)  to  deter- 
mine whether  a  given  ore  body  shown  in  this  ground  "  was  one  to  which, 
by  the  proposed  definitions,  extra-lateral  rights  belonged  or  not;"  that  is 
to  say,  whether  it  did  or  did  not  belong  among  the  classes— "  veins, 
shear  zones,  contact  deposits,  volcanic  necks,  and  possibly  replacement 
deposits  in  limestone" — to  copy  Mr,  Shamel's  list.  But  the  essential 
thing  is  not  merely  the  character  of  the  deposit,  but  the  possesdon  of 
the  apex,  to  what  extent  and  in  what  direction.  Apparently,  Mr. 
Shamel's  board  is  to  settle  these  points  also,  quietly  disr^arding  the 
"  parallel  end-hne  requirement,"  and  fixing  end  planes  according  to  its  own 
judgment.  But  the  law  grants  extra-lateral  rights  on  all  other  apafs 
within  the  location.  IS  the  owner  finds  another  vein  in  his  ground,  must 
he  call  for  the  impartial  board  again,  and  get  it  to  fix  a  new  pair  of  end 
planes?  Above  all,  are  these  "impartial"  (that  is  to  say,  ex  parte) 
decisions  of  the  board  to  stand  forever,  in  spite  of  all  later  developments 
of  the  facts? 

Without  further  discussion  of  these  propositions,  I  must  say  in  con- 
clusion that  I  think  they  constitute  a  very  strong  argument  against  Mr. 
Shamel's  main  position;  for  a  law  that  needs,  in  the  opinion  of  its  advo- 
cates, such  radical  and  revolutionary  violations  of  sacred  custom,  con- 
stitutional principle,  American  liberty  and  administraUve  efficiency  to 
make  it  perfect,  had  better  be  repealed  than  thus  amended. 

E.  W.  Parker,  Washington,  D,  C, — In  two  important  instances  in 
this  country  the  law  of  the  apex  was  done  away  with  by  consent  of  the 
parties.  At  Bisbee,  and  in  one  place  out  in  Michigan,  the  two  parties 
agreed  to  abolish  the  apex  law,  and  by  mutual  consent  took  the  vertical 
side  line  and  other  vertical  lines  as  the  delimitation  of  their  properties. 
That  worked  out  very  satisfactorily. 

Senator  Thomas  J,  Walsh,  Helena,  Mont. — Inasmuch)  an .  the 
Drumlummon  litigation  has  been  mentioned  here,  I  would  like  to  make  a 
statement,  as  it  may  not  be  known  to  all  present,  that  that  litigation  out- 
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lived  three  generations  of  lawyers.  The  distinguished  member  of  the 
Institute  who  has  just  addressed  you  was  aasociated  with  the  first  genera- 
tion, and  I  was  in  at  the  death. 

It  is  to  be  borne  in  mind,  and  this  I  speak  with  entire  deference,  that 
the  views  of  lawyers  as  well  as  of  engineers,  concerning  the  wisdom  of  the 
continuation  of  the  present  apex  law,  carrying  with  it  the  extra-latera) 
right,  are  likely  to  be  formed  or  colored  by  the  success  or  failure  of  their 
own  efTorts  in  causes  in  which  it  played  a  part. 

I  have  glanced  hastily  over  Mr.  Goodale's  paper,  and  I  have  no  doubt 
it  is  characterized  by  the  good  temper  and  judicial  spirit  he  usually  dis- 
plays. But  it  must  be  borne  in  mind  that  Mr.  Goodale  was  an  expert  in 
that  case,  and  he  was  on  the  losing  side.  I  merely  suggest  that  in  reading 
the  paper  of  Mr.  Goodale,  you  will  bear  in  mind  that  you  are  reading  a 
statement  of  an  advocate  of  one  side  of  the  litigation.  I  do  not  mean  to 
say  it  is  inaccurate.  In  looking  it  oyer  it  seemed  to  me  that  facts  which 
seemed  to  us  of  very  great  consequence  were  not  incorporated.  However, 
I  would  not  be  misunderstood  about  this,  and  I  do  not  understand  that 
there  is  any  contention  that  the  final  result  of  the  Drumlummon  case,  the 
Nine  Hour  case,  was  colored  with  any  injustice  except  so  far  as  injustice 
inheres  in  the  law  which  was  applied  to  the  case.  I  am  myself  convinced 
that  the  apex  law  should  be  abolished.  That  as  a  matter  of  fact  it  does 
give  rise  to  interminable  and  very  expensive  litigation,  is  generally 
recognized. 

Two  ideas  suggested  by  Dr.  Raymond  may,  I  think,  be  urged  in  very 
just  criticism  of  the  paper  read  in  support  of  the  extra^lateral  right. 

The  Amalgamated-Heinze  litigation  was,  as  everybody  knows,  based 
almost  exclusively  on  contentions  concerning  the  apex  right;  and  yet  that 
litigation  developed  practically  no  law  at  all  upon  apex  rights.  The  law 
had  practically  al!  been  settled.  It  involved  largely  questions  of  fact 
under  the  law  as  it  had  been  settled,  questions  of  practice  and  procedure, 
and  of  substantive  right  other  than  such  as  had  that  foundation. 

I  have  no  doubt  you  could  go  through  the  reports  of  that  litigation, 
which  was  continued  for  10  years,  and  I  would  undertake  to  say  you  can- 
not find  half  a  dozen  syllabuses  referring  to  any  question  under  the  apex 
provision.  And  yet  the  entire  field  of  litigation  almost  was  traversed. 
For  instance,  in  that  htigation  we  developed  all  the  law  applicable  to  the 
writ  of  supervisory  control  in  our  Supreme  Court.  Writs  of  prohibition, 
writs  of  mandamus,  and  to  proceedings  for  contempt.  And  yet  the  whole 
litigation  rested  on  the  assertion  of  ap^c  rights. 

RossiTER  W.  Rathond. — Wasn't  there  a  very  important  interlocu- 
tory matter  in  the  Drumlummon  case  not  reported  by  Mr.  Goodale,  and 
which  was  most  extraordinary,  where  they  made  a  survey  of  the  mine  be- 
fore a  suit  was  brought? 
Senator  Walsh.— Yes,  sir.     That  went  to  the  Supreme  Court  of  the 
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United  States.  It  involved  a  statute  in  our  State  which  permits  examina- 
tioD  of  a  property  involved  as  well  as  of  adjacent  property,  preparatory 
to  the  suit.  Proceedings  were  instituted  under  that  statute  for  the  pur- 
pose of  ascertaining  the  facts,  and  the  constitutionality  of  that  statute 
was  attacked.  The  St.  Louis  Co.  sought  to  go  down  into  the  workings 
of  the  Montana  claim  through  the  workings  made  by  the  Montana  Co. 
The  Montana  Co.  attacked  that  statute  as  being  in  violation  of  its  con- 
stitutional rights.  We  finally  went  to  the  Supreme  Court  of  the  United 
States,  which  held  that  the  statute  was  a  proper  legislative  act.  The 
order  for  inspection  had  been  granted,  and,  the  inspection  having  been 
made,  a  suit  was  instituted.  Then  after  the  suit  was  instituted  there  was 
a  question  of  the  equity  powers  for  permitting  an  investigation  or  ei- 
amination.  The  adverse  was  set  up,  and  that  resulted  in  a  compromise 
whereby  the  strip  was  conveyed  by  the  owners  of  the  St.  Louis  to  the  Nine 
Hour,  and  the  adverse  was  dismissed  in  pursuance  of  the  stipulation. 

Then  the  conveyance  was  refused,  and  an  action  of  specific  perform- 
ance was  instituted  for  the  purpose  of  comi>elling  the  conveyance;  and 
we  had  a  lot  of  law  on  specific  performance,  and  under  what  circum- 
stances that  must  be  enforced. 

Now  that  was  another  line.  Then,  when  the  conveyance  was  eventr 
ually  had,  the  question  became  important  as  to  what  apex  rights  were 
obtained  by  reason  of  the  peculiar  provision  of  the  instrument  of  convey- 
ance, and  when  the  case  was  tried  out  upon  the  ordinary  law  of  apex  con- 
troversies, it  went  to  the  Supreme  Court  of  the  United  States,  which  held 
that  by  virtue  of  the  peculiar  language  and  provisions  of  that  deed  of 
conveyance,  the  rules  of  law  applied  by  the  lower  court  were  not  wMrect; 
and  the  case  was  reversed  and  sent  back  for  another  trial. 

Now,  there  was  no  question  of  apex  right  at  all.  That  is  to  say, 
the  law  applicable  to  apex  rights  was  considered  settled.  So  that  nobody 
upon  the  merest  reflection  should  be  bound  to  adopt  the  conclusion  that 
the  amount  of  litigation  is  to  be  determined  by  the  number  of  propositions 
upon  the  question  of  apex  rights. 

Next,  it  is  suggested  in  the  conclusions  arrived  at  by  Mr.  Shamel  that 
the  apex  law  should  be  more  clearly  defined,  with  the  lud  of  all  the  ad- 
judications made  by  the  courts  under  varying  and  conflicting  conditions 
during  the  past  40  years,  and  when  so  defined,  and  its  boundaries  fairly 
well  fixed,  litigation  will  to  a  large  extent  disappear.  I  think  that  is 
entirely  impracticable.  The  fact  about  that  matter  is  that  we  are  con- 
fronted with  exactly  the  same  difliculty  in  legislation  concerning  amend- 
ments to  the  Sherman  Anti-trust  law.  It  is  claimed  by  mai^  people  that 
now  it  is  possibie  to  fix  definitely  by  bounds  the  things  which  would 
constitute  a  violation  of  that  law.  But  the  trouble  lies  in  the  new  methods 
of  arriving  at  the  results  which  were  intended  to  be  obviated  by  that  law; 
and  as  a  result  many  practices  which  should  be  condemned  will  escape 
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and  be  considered  Intimate.  So  it  is  a  rather  difficult  kind  of  a  task  to 
attempt  to  elaborate  the  definition  of  the  apex  and  eliminate  litigation 
in  the  future.  Indeed,  I  would  be  afraid  that  course  would  give  rise  to 
no  end  of  litigation.  Every  provision,  e^ery  clause,  would  then  become 
the  subject  of  renewed  litigation,  and  the  question  would  arise  whether 
by  reason  of  the  peculiar  language  it  was  intended  to  abandon  some  of 
the  principles  which  had  been  theretofore  abandoned  as  being  unjust. 
So,  I  think  you  would  breed  rather  than  obviate  litigation  by  any 
such  provision. 

Then,  Mr.  President,  I  do  not  think  the  suggestion  that  these  ques- 
tions should  be  transferred  from  the  courts  to  the  Department  of  the 
Interior  could  ever  have  been  suggested  by  any  man  who  knows  the 
temper  of  the  Western  people,  who  are  most  interested  in  this  matter. 
Indeed,  we  have  always  maintained  that  the  beat  feature  of  our  mining 
law  is  that  which  throws  into  the  local  coiu-ts  conflicts  arising  between 
conflicting  interests,  rather  than  have  the  crude  methods  pursued  in  the 
Land  Office  and  other  departments  of  the  government  applied  to  the 
decision  of  such  matters. 

And  I  undertake  to  say  that  unless  the  whole  law  ia  changed  it  will  be 
impossible  to  compel  the  litigant  to  abandon  his  rights  in  court  and  trust 
them  to  the  arbitrament  of  even  the  distinguished  gentlemen  at  the  head 
of  the  Geological  Survey.  I  do  not  know  why  anybody  should  want  to 
transfer  a  controversy  between  me  and  my  neighbor,  if  a  controversy 
should  arise  between  us,  in  respect  to  the  apex  of  a  vein;— why  the 
determination  of  that  controversy  should  be  transferred  from  the  vicinity 
where  it  arises,  into  some  government  bureau  in  the  city  of  Washington. 
Nor  do  I  understand  why  it  should  be  determined  there,  rather  than  be- 
fore a  judge  out  in  the  mining  country  who  has  made  it  a  duty  to  be  ad- 
vised concerning  mining  law  and  mining  business;  and  tried  before  a 
jury  that  has  imbibed  more  or  less  mining  law  knowledge  by  reason  of 
long  residence  in  the  vicinity  where  such  questions  are  constantly 
arising. 

I  do  not  mean  at  all  by  anything  said  in  the  beginning  that  I  do  not 
agree  with  the  conclusions  at  which  Mr.  Goodale  arrives,  that  perhaps 
this  is  the  time  for  the  abolition  of  the  apex  law. 

Charles  H.  Shamel  (communication  to  the  Secretary*).— I  have 
been  favored  by  the  Secretary  with  a  copy  of  the  steni^aphic 
report  of  the  discussion  relating  to  my  paper  on  the  apex  law. 
This  report,  however,  is  plainly  so  defective  that  I  can  only  be  sure  of 
the  general  drift  of  the  remarks  of  the  speakers.  Dr.  Raymond  is  mis- 
taken in  thinking  my  paper  especially  directed  at  his  former  utterances. 
My  argument  was  based  on  the  origin  of  law  in  general  from  custom  and 
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the  undesirability  of  reversing  ]egal  rules  founded  on  custom.  Dr. 
Raymond  saya  that  the  apex  law,  instead  of  being  founded  on  previous 
custc»n,  was  absolutely  revolutionary  in  character.  As  nearly  as  I  cao 
understand  him  from  said  report,  he  bases  this  assertion  on  the  allied 
fact  that  befora  1872  no  one  had  ever  heard  of  the  "apex";  nobody  knew 
what  it  meant.  This  is  a  mere  play  on  the  mathematical  definition  of 
the  word.  The  fundamental  principle  of  the  so-called  apex  law —that  is, 
the  right  of  the  discoverer  to  follow  a  dipping  vein  wherever  it  might  go 
without  r^ard  to  surface  boundary  lines — bad  been  known  and  practiced 
generally  in  the  precious-metal  mining  districts  of  the  United  States 
ever  since  such  mining  b^an  after  the  great  California  gold  discoveries 
of  '49,  This  is  proved  beyond  any  doubt  by  the  quotations  I  gave  in  my 
article  and  by  the  collection  of  the  local  district  rules  and  regulations 
previous  to  1872  made  by  Clarence  King  for  the  lOtb  census. 

Because,  in  the  law  of  1872,  the  word  "ap^"  was  used  in  a  statute  for 
possibly  the  first  time  in  an  effort  to  render  the  principle  definite  and  pre- 
cise does  not  render  the  principle  new.  Such  argument  is  mere  verbal 
dialectic  and  indicates  there  is  nothing  more  substantial  to  offer  against 
this  argument  for  the  apex  law 

I  submit  that  the  position  is  still  imshaken  that  the  apex  law,  being 
founded  on  previous  general  customs  of  the  precious-metal-mining 
districts  (to  which  alone  it  applies),  should  not  be  abrogated  and  the 
contrary  rule  adopted.  It  is  not  maintained  that  conditions  have 
materially  altered  except  perhaps  by  the  entry  of  "Big  Business"  into 
the  mining  industry.  No  one  has  ever  suggested  that  the  prospectors 
and  mine  operators  originating  from  them  are  not  practically  unanimous 
in  favor  of  the  apex  law.  These  are  the  "people";  they  are  the  repre- 
sentatives of  the  nation  in  relation  to  the  mining  industry;  their  customs 
alone  originate  law,  their  wishes  should  control  the  provisions  of  tbt 
statute. 

There  is  no  merit  in  the  objection  that  the  number  of  apex  syllabuses 
does  not  represent  the  proportion  of  apex  litigation.  The  apex  question 
was  just  as  often  subordinate  in  cases  chiefly  contested  on  other  sections 
of  the  mining  laws  as  such  other  questions  were  subordinate  in  case:- 
turning  chiefly  on  the  apex  provision.  In  modem  times  these  syllabu^et< 
form  a  very  carefully  prepared  and  accurate  abstract  of  everything  in  a 
court  decision,  with  a  separate  paragraph  for  each  contested  question  or 
point  in  the  case.  There  is  no  better  way  than  this  practicable  to  esti- 
mate the  relative  amounts  of  litigation  regarding  different  legal  questions. 
Wherever  the  apex  law  was  involved  in  a  decision  it  appears  in  the 
syllabuses.  This  method  is  infinitrly  more  trustworthy  than  the  mere 
impressions  of  any  man,  however  experienced  he  may  be,  for  such  im- 
pressions are  formed  only  by  each  individual's  personal  experiences,  which 
are  wholly  accidental  with  reference  to  the  whole  field  i^  mining  litiga- 
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tion.  The  confused  and  erroneoua  ideas  so  widely  prevailing  concerning 
the  apex  law  are  well  illustrated  by  the  member  who,  in  the  discussion,  re- 
ferred to  it  as  in  force  in  Michigan.  That  State  was  never,  at  any  time, 
subject  thereto.  The  statement  that  the  U.  S,  Supreme  Court  evades  de- 
ciding the  main  questions  in  cases  is  another  striking  illustration  of  the 
desperate  straits  of  the  opponents  of  the  apex  law  and  of  the  lack  of  valid 
argument  against  it.  I  am  still  satisfied  that  counting  the  syllabuses  is 
as  ffur  and  accurate  a  way  as  can  be  devised  for  determining  the  propor- 
tion of  apex  litigation  and  that,  in  truth  and  in  fact,  the  apex  section  of 
the  mining  statute  has  caused  less  than  its  proportionate  share  of  mining 
litigation  and  therefore  should  not  be  abrogated  on  account  of  causing 
excessive  litigation. 

What  I  proposed  as  to  a  new  way  of  granting  apex  r^hts  and  possibly 
of  deciding  some  apex  controversies  was  merely  a  suggestion  for  starting 
discussion.  I  am  not,  however,  convinced  by  what  the  able  and  ex- 
perienced Senator  from  Montana  has  said  that  some  such  plan  would  not 
be  an  improvement  over  the  present  method.  Also  I  did  not  mean  to 
suggest  that  such  grant  or  contest  should  be  made  at  or  conducted  in 
Washington,  D.  C,  but,  on  the  contrary,  would  provide  that  the  hearings 
be  had  in  the  locality,  with  an  inspection  of  the  property  by  the  board  of 
experts. 

I  have  always  recognized  that  there  were  difficulties  ia  the  adminis- 
tration of  the  apex  law,  but  these  exist  in  relation  to  the  other  and  un- 
attacked  provisions  of  the  mining  law  in  even  greater  degree,  as  the  facts 
I  have  adduced  seem  to  me  to  prove  conclusively.  These  facts  have  not 
been  disproved  or  explained  away  by  anything  in  this  discussion.  The 
law  is  just  in  principle.  Therefore  I  still  maintain  that  it  would  be 
economically  inexpedient  and  ethically  unjust  now  to  repeal  the  apex 
law. 


Recrystallizatioa  of  Limestone  at  Igneous  Contacts 

of  the  paper  of  CK.  Leith,  presented  at  the  New  York  meeting,  February, 
1914,  and  prmted  in  this  (June,  1914)  BvUftin,  pp.  1129  to  1134. 

Waldehab  Likdgren,  Boston,  Mass. — I  think  geologists  should  be 
careful  how  they  associate  with  mathematicians.  Now,  what  these  men 
have  done  is  simply  to  take  two  adjoining  bodies,  one  very  hot  and  one 
very  cold,  and  calculate  the  conditions  resulting.  That  is  not  the  idea 
at  all.  The  idea  is  that  the  limestone  receives  the  emanations  from  the 
magma,  and  that  these  magmatic  emanations  pass  through  it  almost  like 
water  goes  through  a  sponge,  so  that,  reasoning  from  that  point  of  view,  I 
do  not  think  that  this  matematical  calculation  has  very  much  bearing  on 
it,  because  the  emanations  would  find  fissures  and  penetrate  long  distances 
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that  would  upset  the  whole  calculatioD.  The  penetration  of  the  emana- 
tion would  be  very  much  more  rapid  in  any  case  than  would  be  the  dif- 
fusion between  two  bodies  adjoining,  without  any  action  on  each  other 
except  by  the  hest. 

James  F.  Kehf,  New  York,  N.  Y. — The  igneous  rocks  sometimes 
show  the  reflex  action  of  the  Umestone  in  having  garnets  in  epidote. 

I  was  interested  is  reading  Professor  Leith's  paper  in  the  emphaos 
laid  on  the  delicate  balance  of  the  materials  that  enter  the  limestone,  with 
the  result,  it  would  seem,  that  one  could  reply  that  when  the  material 
ceases  to  come  from  the  igneous  rock  the  garnet  ceases  to  form. 

Mr.  Lane  raised  the  point,  inferentially,  that  Mr.  Lindgren  cannot 
show  the  effect  of  the  hmestone  of  the  igneous  rock,  but  I  believe  he  has 
shown  such  effect  in  that  he  mentioned  garnets  and  epidotes  in  the 
igneous  rock  itself. 

Professor  Leith  has  made  an  objection  to  the  contribution  from  the 
igneous  rock,  because  of  the  delicate  balance  between  the  recrystallited 
materials  and  the  contributions,  but,  of  course,  if  the  garnets  are  pro- 
duced from  the  limestone  by  additions  of  silica  and  iron,  their  crystalli- 
zatioD  would  cease  when  the  contributions  stopped.  A  balance  would 
necessarily,  therefore,  be  established.  I  presume,  however,  that  Pro- 
fessor Leith's  point  was  based  upon  this  consideration — he  believes  the 
hmestone  to  be  calcined  by  the  igneous  rock,  but  that  Umit  itself  would 
result  in  greater  quantity  than  is  present  in  the  silicate. 

John  D.  Irving,  New  Haven,  Conn. — For  reasons  which  it  seems  un- 
necessary to  give  at  length  I  believe  that  the  lime  silicates  which  develop 
at  the  contacts  of  intrusive  igneous  rocks  with  limestone  are  formed 
almost  entirely  with  the  aid  of  contributions  of  sihca  and  limestone 
derived  as  emanations  from  the  intrusive  magmas.  The  formation  of 
such  silicates,  however,  demands  the  elimination  of  a  large  quantity 
of  carbon  dioxide,  inasmuch  as  this  compound  does  not  appear  to  any 
extent  as  a  constituent  of  the  lime-silicate  zones.  While  there  are,  of 
course,  many  ways  in  which  carbon  dioxide  can  be  expelled  in  gaseous 
form  and  escape  through  fractures  and  fissures  to  the  surface,  it  is  con- 
ceivable that  under  conditions  of  high  temperature  and  pressure,  such 
as  have  accompanied  deep-seated  intrusions,  fissures  and  fractures  for  the 
escape  of  carbon  dioxide  should  have  been  either  wanting  or  insufficient 
in  number.  The  elimination  of  the  carbon  dioxide  under  these  eircum- 
stances  offers  a  problem  of  some  difficulty.  I  would  like  to  learn  from 
Mr.  Lindgren  whether  he  has  any  suggestions  to  offer  in  regard  to  this 
point. 
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Oar  National  Resources  and  Our  Federal  Government 

Continued  Discussion  of  the  Author's  paper  on  this  subject,  presented  at  the  Cleve- 
land Meetittg,  October,  1912  {Trans.,  xlir,  612),  and  Discussion  of  the  paper  of 
Qeobqe  Otis  Smith  oq  The  Dispoaition  of  Natural  Resources,  preeented  at  ths 
Naw  York  meeting,  Pebruai?,  1914  iBuUelin  No.  82,  October,  I9I3,  pp.  2403  to 
2408} . 

R.  W.  Raymond,  New  York,  N.  Y. — The  propositions  contained  in 
my  paper  above  mentioned  were  denied,  in  whole  or  in  part,  in  conimuDica» 
tions  to  the  Secretary  from  Messrs.  R.  B,  Brinsmade,  Pueblo,  Mexico; 
G.  W,  Wepfer,  Berkeley,  Cal.;  and  Geot^e  Otis  Smith,  Director  of  the 
TJ.  S.  Geological  Survey. 

Mr.  Brinsmade,  agreeing  with  me  as  to  the  desirability  of  local, 
rather  than  Federal,  administration,  and  as  to  the  evils  inseparable 
from  the  Federal  "apex  law,"  dissents  from  my  "four  final  propositions," 
for  reasons  given  in  addition  to  those  stated  by  Director  Smith. 

These  four  propositions  were  in  substance:  (1)  that  governmental 
interference  with  private  enterprise  is  in  general  undesirable;  (2)  that, 
if  necessary,  it.  should  be  performed  by  a  municipal  or  State,  rather  than 
by  the  Federal,  government;  (3)  that  a  certain  system  of  leasing  (which 
I  defined)  is  the  worst  that  could  be  adopted  by  any  government;  and  (4) 
that  the  ai^ument  for  Federal  leasing  of  the  coal  lands  and  water  powers 
of  the  public  domain  would  be  equally  strong  for  a  similar  treatment  of 
other  mineral,  or  even  of  agricultural,  lands,  concerning  which  we  had 
heard,  at  the  time  I  wrote  my  paper,  practically  nothing  from  the  advo- 
cates of  the  new  Federal  policy.  At  least,  such  an  extension  of  the  new 
plan  of  Federal  control  had  been  explicitly  disclaimed  by  President 
Taft,  in  a  pubhc  address,  advocating  that  plan  for  coal  lands  and  water 
powers. 

Mr.  Brinsmade  explicitly  approves  my  second  proposition,  and  does 
not  explicitly  condemn  my  first.  His  opposition  to  the  third  (apart  from 
arguments  like  those  of  Director  Smith,  to  be  considered  later)  seems  to 
rest  upon  an  economic  theory  as  to  the  private  ownership  of  land,  which  I 
'  must  decline  to  discuss  here.  It  is  an  old  theory,  as  familiarly  known 
as  it  is  frankly  rejected  by  the  best  authorities.  But  it  is  not  perti- 
nent to  this  discussion,  because  it  attacks  the  ownership  of  all  land 
whatever. 

It  is  "on  the  basis"  of  this  economic  theory,  that  Mr.  Brinsmade  dis- 
putes "  the  assertion  of  Dr.  Raymond  that  our  railroad  land  grants  and 
mineral-land  laws  were  essential  to  the  settlement  of  the  West."  I  did 
not  use  the  word  "essential,"  and  1  plainly  said  that  the  result  referred  to 
might  have  b^en  reached  by  much  longer  processes.  But  the  difference 
is  trivia!;  and  the  facts  are  incontrovertible  "on  the  basis"  of  any  theoiy 
whatever. 
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Ab  to  my  fourth  propositioa,  Mr.  Brinsmade  claims  that  it  has  already 
been  answered  by  many  foreign  countries.  Perhaps  I  am  to  blame  for  bis 
misuaderstanding  of  my  statemeat,  which  referred  exclusively  to  this 
country,  where  the  doctrine  of  the  governmental  ownership  of  all  prop- 
erty, apparently  approved  by  him,  is  advanced  by  a  party  not  yet  ven- 
turing to  cMry  it  to  its  logical  result,  and  therefore  confining  it,  for  the 
present,  to  certain  kinds  of  property,  called  National  Resources.  I  am 
grateful  to  Mr.  Brinsmade  for  his  through  exposition  of  the  doctrine  and 
its  ultimate  results. 

Mr.  Wepfer  describes  the  government  leasing  system  of  Bolivia,  which 
is  quite  unlike  the  system  I  characterized  as  bad.  According  to  his 
account,  any  one,  citizen  or  foreigner,  can  acquire  in  Bolivia  for  $1.66  per 
acre  a  patent  to  mining  ground  of  which  he  holds  exclusive  possession  so 
long  Jas  [he  Ipays  semi-annually  a  tax  of  33  c.  per  acre.  This  is  practi- 
cally a  purchase  of  the  ground.  The  forfeiture  of  ownership  by  non-pay- 
ment of  the  small  tax  constitutes  no  hardship.  Coutinuous  working  is 
apparently  not  required.  The  revenue  from  the  tax  must  be  insignificant 
— scarcely  enough  to  cover  the  coat  of  collection. 

To  my  argument  that  it  would  be  unwise  for  the  Federal  government 
to  treat  the  different  States  differently,  Director  Smith  replies  only  that 
there  has  been  for  the  past  half-century  an  evident  tendency  to  expand 
Federal  functions,  and  that  it  is  only  "national"  resources  that  the 
national  government  is  to  administer — and  specifies  the  mineral  wealth  of 
the  public  lands  as  an  illustration.  My  rejoinder  is  simple.  I  admit  the 
existence  of  such  a  tendency  as  he  asserts;  and  I  recognize  that  it  has  been 
largely  created  and  augmented  by  the  zeal  of  enthusiastic  heads  of  Federal 
departments;  but  I  believe  it  to  be  dangerous  and  unwise. 

In  emphasizing  the  all-important  distinction  between  the  landlord  and 
the  sovereign,  and  showing  that  in  dealing  with  the  public  mineral  lands, 
the  United  States  has  acted  as  the  owner,  not  as  the  sovereign,  I  have 
hitherto  tacitly  assumed  that  the  ownership  of  the  United  States  was  as 
complete  as  that  of  any  private  owner  of  the  common-law  fee-simple, 
covering  both  the  surface  and  the  minerals  beneath  it,  and  conferring  thp 
right  of  perpetual  possession,  free  administration,  lease  or  sale  of  both  to- 
gether, or  of  either  separately.  For  the  purpose  of  my  argument,  this 
was  sufficiently  accurate;  for  the  mineral-land  laws  under  discussion  looked 
to  the  sale  of  the  lands  only.  But  now  it  is  frankly  proposed  that  the 
United  States  shall  no  longer  sell  these  lands,  but  shall  hold  and  lease  them 
for  the  benefit  of  the  Federal  treasury.  This  warrants  a  closer  iDquirj' 
into  the  history  and  nature  of  the  "ownership"  of  the  public  lands;  and 
such  an  inquiry  discloses  some  interesting  facts.  Perhaps  our  fathers  did 
not  know  as  much  as  we  do;  perhaps  their  promises  are  not  binding  upon 
us;  perhaps  their  institutions  are  not  worthy  to  stand  against  our  "tend- 
encies."    Nevertheless,  we  can  afford,  in  our  superior  strength  and  wis- 
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dom  ,  to  ]earn  what  we  are  undermiQii^  or  overthrowing,  or  even  simply 
(but  not  less  destructively)  ignoring.' 

The  well-known  origin  of  our  public  domain,  through  the  cession  of 
Western  lands  by  certain  of  the  original  States,  was  the  result  of  an 
agreement,  ending  a  long  controversy,  consummated  before  the  adoption 
of  the  Constitution,  and  confirmed  in  that  instrument.  In  that  con- 
troversy, Virginia,  the  steadfast  champion  of  State  sovere^nty  and  op- 
ponent of  imperial  domain,  refused,  against  great  pressure,  to  consent  to 
the  transfer  of  unconditional  ownership  of  the  lands  in  question;  and, 
after  a  proposition  made  by  Congress  in  1780,  submitted  her  own  counter- 
proposition,  which  was  agreed  to  by  Congress  in  1783;  and  March  1,  1784, 
the  deed  of  Virginia  was  accepted  by  Congress.  This  deed  transferred 
all  the  rights  of  Virginia  on  conditions  which  made  the  Federal  govern- 
ment, not  absolute  owner,  but  trustee,  authorized  to  administer  the  pub- 
lic lands  for  the  benefit  of  all  the  present  or  future  States  of  the  Con- 
federation, but  bound  to  dispose  of  them  so  that  they  should  be  settled 
and  formed  into  distinct  republican  States,  and  as  such  admitted  into  the 
Federal  imion,  with  the  same  rights  of  sovereignty,  freedom  and  inde- 
pendence as  the  other  Sates. 

The  deeds  of  other  States,  held  back  to  await  the  decision  of  Virginia, 
were  subsequently  executed;  and  the  Confederation  thus  became  holder  in 
trust  of  the  public  domain,  on  the  conditions  which  the  wisdom  and 
courage  of  Virginia  had  imposed. 

The  Convention  which  framed  our  present  Constitution  eame  some 
years  later  (1787),  was  subordinate  to  Congress,  and  was  required  to  re- 
port to  Congress;  and  the  provision  of  the  new  Constitution,  relating  to 
the  public  lands,  was  framed  in  conformity  with  the  Congressional  ordi- 
nace  of  1787,  and  confirmed  the  contract  with  Virginia,  by  declaring  that 
nothing  in  the  Constitution  should  prejudice  the  rights  either  of  (1)  the 
United  States,  or  (2)  of  any  particular  State.  The  former  rights  cov- 
ered the  profit  which  the  United  States  might  realize  from  the  public 
lands  before  their  sale  or  through  their  sale;  the  latter  rights  were  those 
of  the  grantor  States  to  insist  tliat  the  one  and  only  purpose  of  Federal 
management  should  be  the  sale  of  the  lands  and  the  formation  of  new 
States. 

I  think  no  competent  student  can  deny  that  the  title  of  the  United 
States  under  the  new  Constitution  was  the  same  as  under  the  preceding 
Articles  of  Confederation,  and  that,  whatever  its  exact  nature,  it  forbade 
the  adoption  of  any  system  of  Federal  administration  looking  to  the 

>  The  following  statement,  based  upon  an  address  on  The  Status  of  the  Public 
Lands,  and  Its  Relation  to  Mining  Tenures,  by  George  T.  Edwards  of  Berkeley,  Cal., 
delivered  b^ore  the  San  Franoiaco  section  of  the  Mining  and  Metallui^ical  Society 
of  America,  and  published  in  the  Builetin  of  that  Society,  No.  57,  vol.  vi.  No.  2, 
(Feb.  28,  1913),  I  have  verified  by  reference  to  original  sources. 
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permanent  Federal  ownership  of  the  public  lands.  Refined  subtlety  of 
construction  as  to  the  lat^;uage  of  these  documents  is  out  of  place;  for 
the  old  common  law  still  governs  us  in  the  interpretation  of  contracts 
according  to  the  intention  of  the  parties;  and  concerning  this  inteDtion 
there  is  no  doubt.  Virginia  victoriously  maintuned,  Congress  finally 
accepted,  and  the  new  Constitution  ratified,  the  principle  that  no  great 
tracts  of  land,  held  by  the  central  government,  should  ever  prevent  the 
formation  of  new  sovereign  States,  or  impair  the  power  and  rank  of  such 
States.  If  further  confirmation  be  needed,  it  may  be  found  in  the  de- 
cision pronounced  by  the  United  States  Supreme  Court  in  1845*  concern- 
ing certain  public  lands  in  Alabama,  which  declares: 

"The  United  States  never  had  any  municipal  sovereignty,  juriBdiction,  or  right 
of  soil  in  and  to  the  territory  of  vhicb  Alabama,  or  any  of  the  new  8tat«a  were  formed, 
except  for  temporary  purpoees,  and  to  execute  the  triistB  oreatod  by  the  acts  of  Vir- 
ginia and  Gecwgia  legislatures,  and  the  deeds  of  OBBsion,  executed  by  them  to  the 
United  States,  and  the  trust  created  by  the  treaty  with  the  French  republic,  of  the  30th 
of  April,  1803,  ceding  Louisiana.  .  .  .  When  the  United  States  accepted  the 
cession  of  the  territory,  they  took  upon  themselves  to  hold  the  municipal  enuneot 
domain  for  the  new  States,  and  to  invest  them  with  it,  to  the  same  extent,  in  all  re- 
spects, that  it  was  held  by  the  States  ceding  the  territory." 

This  decision  goes  far.  It  declares  that  even  the  territory  acquired 
by  the  Louisiana  purchase,  like  the  land  previously  ceded  by  some  of  the 
original  thirteen  States,  is  held  by  the  United  States  as  a  trust  for  the 
creation  and  endowment  of  new  Sates.  In  the  treaty  of  1803  with  the 
French  republic,  the  United  States  guaranteed  to  the  inhabitants  of 
the  ceded  territory  the  same  rights  as  were  guaranteed  already  by  the 
Constitution  to  the  inhabitants  of  the  existing  public  domain. 

But  in  the  argument  which  Director  Smith  opposes,  I  did  not  go  so  far 
as  to  assert  that  the  Federal  administration  which  he  advocates  would  be 
unconstitutional.  I  contended  only  that  it  would  be  unwise,  as  a  matter 
of  statesmanship.  And  I  am  still  content  to  stand  upon  that  ground. 
Whatever  the  legal  or  historical  reasons,  the  fact  is,  that thepublic  domain 
conveyed  by  some  of  the  original  States  has  been  treated  according  to  the 
contract  made  with  them ;  that  the  State  of  Texas  was  admitted  by  treaty, 
with  its  own  public  lands  and  land  laws,  and  entirely  free  from  any  claim 
of  the  United  States  over  any  one  of  its  "natural  resources";  and  that 
hitherto,  the  policy  of  the  United  States,  as  expressed  in  its  legislation, 
has  been  to  carry  out,  whether  it  was  or  was  not  legally  bound  so  to  do, 
the  policy  established  in  1784,  and  then  expected  to  be  permanent — 
namely,  that  of  administering  the  public  domain  for  the  purpose  of  hav- 
ing it  occupied,  as  soon  as  possible,  by  citizens  owning  it;  of  forming  out 
of  these  citizens,  as  soon  as  practicable,  new  States,  and  of  leaving  to 

■  Pollard's  Lessees  va.  Uogan  (3  How.,  212),  cited  by  Mr.  Edwards  in  the  p^Mr 
already  mentioned,  and  consulted  since  by  me. 
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these  new  States,  as  a  source  of  revenue,  the  taxation  of  the  wealth 
produced  from  their  natural  resources. 

What  Director  Smith  and  hia  party  propose  ought  to  be  acknowledged 
as  at  least  new.  They  propose  that  instead  of  selling  "national  resources" 
to  private  citizens,  and  thereby  making  them  taxable  by  individual  States, 
the  Federal  government  shall  hold  on  to  them  and  lea^  them — not  for  the 
appreciable  direct  advantage  of  the  Federal  treasury;  nobody  dreams  any 
auch  wild  dream  as  that — but  for  enoi^h  to  pay  the  cost  of  Federal  "ad- 
ministration" and  experimentation,  leaving  the  State  to  get  what  revenue 
it  can  by  indirect  taxation. 

The  State  of  T^:ae  ia  already  looming  up  as  a  formidable  rival  of  its 
sisters  in  the  Union.  Its  immense  area;  its  varied  natural  resources;  its 
climate,  favoring  all  industries;  and,  above  all,  its  complete  immunity 
from  Federal  control  (whether  in  the  name  of  "conservation"  or  in  any 
other  name)  of  its  own  self-directed  internal  development,  are  making  it 
more  and  more  portentous.  Whatever  may  be  adopted  as  the  policy  for 
administering  United  States  public  lands  in  other  States  will  not  apply  to 
Texas,  which  contains  no  such  lands. 

I  venture  to  say  that  any  I^islation  which  handicaps  other  States,  by 
reason  of  their  history,  while  it  excepts  Texas  by  reason  of  its  history,  is 
bad  statesmanship,  i  know  that  the  theoretic  right  of  secession  from  the 
Union  was  disproved  by  a  terrible  war;  but  I  am  equally  sure  that  the 
peaceful  and  prosperous  muntenance  of  the  Union  requires  a  just  and 
equal  treatment  of  the  States  which  compose  it.  Whether  the  people  of  a 
given  State  resort  to  futile  armed  rebelhon  or  not,  is  a  subordinate  ques- 
tion.   The  main  question  is,  do  they  feel  that  they  are  justly  treated? 

The  policy  established  by  our  fathers  in  the  contract  with  Virginia  and 
other  States,  whether  it  be  or  be  not,  with  r^ard  to  all  the  territory 
subsequently  acquired,  l^ally  binding  upon  us,  solves  this  problem. 
And  that  is  why  I  say,  independently  of  all  l^al  and  constitutional  argu- 
ment, that  the  revolutionary  novelty  of  permanent  Federal  ownership 
would  be  bad  statesmanship. 

Director  Smith  objects  to  my  contention  that  local,  instead  of  central, 
government  should  deal  with  local  interests  and  industries,  asserting  his 
belief  to  the  contrary.  But  I  am  of  the  same  opinion  still,  though  I  ab- 
stain, for  the  present,  from  advancing  further  proofs  of  my  proposition, 
which  m^ht  involve  invidious  criticism  of  friends  in  ofHcial  positions, 
whose  loyal  labors  I  am  not  inclined  to  disparage.  Yet  I  must  be  per- 
mitted to  say  in  general  terms,  and  without  personal  references,  that  I 
have  seen  in  no  department  any  proof  that  government  employees  are 
specially  qualified  to  supervbe  the  operations,  solve  the  problems,  or 
prescribe  the  models  for  individual  enterprbe.  This  general  statement 
covers  State  as  well  as  Federal  activities;  but  with  reference  to  the  dis- 
tinction between  them,  I  will  add  that,  within  the  last  ten  years,  at  least 
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two  of  the  Federal  executive  departments  have  been  guilty  of  errors  which 
have  escaped  the  condemnation  they  deserved,  and  would  have  received, 
if  they  had  been  perpetrated  in  the  service  of  a  sit^le  State.  What  1 
know  of  Federal  administration  has  convinced  me  that  it  is  less  desirable 
than  State  administration,  and  that  either  of  them  is  less  desirable  than 
individual  enterprise  under  ordinary  legal  responsibility,  as  a  means  of 
securing  the  benefits  of  public  prosperity  and  social  justice  which  the 
advocates  of  all  these  systems  profess  to  seek. 

Director  Smith  defends  the  leasing  system  on  sundry  grounds  of 
economic  theory,  and  by  appeal  to  the  experience  of  other  nations.  I 
must  postpone  to  some  future  occasion  the  thorough  discussion  of  that 
subject.  The  most  important  feature  of  the  present  situation  is  the  cir- 
cumstance that  the  intelligent  and  patriotic  official  head  of  a  great  and 
useful  Executive  department,  now  frankly  advocates  this  system  for  all 
the  mineral  resources  of  the  public  domain.  I,  for  one,  welcome  this 
declaration  as  a  substitute  for  the  piece-meal  suggestions  of  exceptional 
treatment  for  special  "resources,"  tike  Alaska  coals,  or  phosphate  lands, 
or  possible  deposits  of  radium.  Let  us  have  the  full  plan  of  Federal  con- 
trol at  once,  and  know  what  we  have  to  face! 

It  is  hardly  necessary  to  assure  us  that  the  proposed  leasing  of  "na- 
tional resources"  would  be  done  rather  for  public  benefit  than  for  public 
revenue.  Past  experience,  as  well  as  common  sense,  assure  us  that  the 
expenses  of  mspection  and  r^ulation  would  quite  absorb,  if  they  did  not 
exceed,  the  net  revenue  of  the  system.  Indeed,  those  of  our  States  which 
possess  no  resources  on  which  the  Federal  government  can  at  present  lay 
its  helping  hand — a  large  majority,  in  fact,  of  those  which  constitute  the 
Union — ^might  count  themselves  fortunate  in  such  an  event,  if  they  did 
not  have  to  pay  theu-  share  of  the  extra  expense  of  the  blessings  govern- 
mentally  bestowed  upon  their  less  fortunate  sisters. 

Director  Smith  corrects  what  he  regards  as  an  inadvertence  on  my 
part  in  my  statement  that  the  advocates  of  a  leasing  system  contemplate 
the  requirement  of  continuous  operation,  and  adduces  to  the  contrari- 
a  passage  from  his  annual  report  of  1911,  referring  to  needed  legislation 
for  oil  lands.  My  statement  was  based  on  a  plain  declaration  of  the 
President  of  the  United  States  to  the  effect  that  "natural  resources" 
should  be  leased  by  the  Federal  government  on  the  condition  of  con- 
tinuous utilization  of  the  privilege  granted.  I  had  not  read  Director 
Smith's  report;  but  I  do  not  see  that  his  plan  for  oil  leases  offers  anything 
essentially  different.  Instead  of  punishing  the  suspension  of  production 
under  lease  by  the  forfeiture  of  the  lease,  he  would  make  the  "ground 
rental  sufficiently  high  to  discourage  the  acquisition  of  lands  except  for 
immediate  and  continued  development,"  and  he  says  that  "this  indirect 
control  of  development  would  be  preferable  to  the  direct  enforcement,  by 
forfeiture,  of  continuous  production,  which  should  be  avoided  because  of 
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the  danger  of  disturbing  the  deHcate  equilibrium  between  supply  and 
demand." 

As  I  understand  this  statement,  the  high  ground  rent  is  expected  to 
discourage  the  holding  of  oil  land  without  producing  oil  from  it.  On  the 
far  greater  and  more  immediate  evil  of  reckless  overproduction  and  con- 
sequent irrevocable  waste,  it  would  have  a  contrary  effect,  if  it  had  any. 
It  would  be  much  more  practical  to  lower  the  rent  for  a  tenant  who  was 
prevented  by  the  delicate  operations  of  supply  and  demand  from  produc- 
ing oil  at  a  profit,  and  thereby  encourage  him  to  assist  the  government  in 
conservii^  the  oil  until  a  rise  in  market  price  showed  that  it  was  needed. 
But  most  practical  of  all  would  it  be,  to  let  the  aforesaid  equihbrium  be- 
tween supply  and  demand  (the  variations  of  which,  though  dehcate,  are 
irresistible)  take  care  of  the  whole  matter.  For  it  operates  by  the  old- 
fashioned  law  of  gravity,  with  which,  when  it  is  acting  in  our  favor,  we  can 
often  best  co-operate  by  letting  it  alone.  But  I  did  not  intend,  in  this 
reply  to  Director  Smith's  criticisms  of  my  paper,  to  wander  into  a  discus- 
sion of  his  own  later  utterance;  and,  indeed,  I  would  not  have  mentioned 
it  had  he  not  called  attention  to  it  in  his  remarks.  The  question  pre- 
sented by  the  petroleum  lands  is  in  many  respects  peculiar,  and  deserves 
separate  consideration. 


Water  Intrusion  and  Methods  of  Prevention  in  California  Oil  Fields 

Discussion  of  the  p&per  of  Frankltn  W.  Oatman,  preaentcd  at  the  New  York 
meeting,  February,  1614,  and  printed  in  BvUeUrt  No.  87,  March,  1914,  pp. 
531  to  663. 

Abthdb  Knapp,  Ardmore,  Pa.  (communication  to  the  Secretary*). — 
Cementing. — I  believe  that  the  washing  of  a  well  with  clear  water  is,  in 
general,  a  very  bad  thing.  There  are  probably  formations  that  will 
stand  up  after  being  washed  with  clear  water,  but  my  experience  in 
California  and  elsewhere  has  been,  that  to  wash  a  well  with  anything 
but  a  well-mixed  mud  would  stick  the  casing  before  cementing  could  be 
accomplished.  The  mud  is  the  only  thing  that  will  wash  the  oil  out  of  the 
hole  and  hold  back  the  gas.  Neat  cement  is  heavy  enough  to  displace* 
the  mud  adhering  to  the  casing  and  give  the  desired  contact  between 
cement  and  casing.  Further,  any  well  in  which  the  circulation  can- 
not be  established  in  3  hrs.  is  not  in  a  condition  to  be  cemented. 
The  casing  should  be  removed  and  the  hole  reamed.  Circulation  for 
a  long  period  of  time  serves  only  to  cut  deeper  channels  around  the 
casing  and  does  not  clear  the  entire  circumference. 

Method  .A.— The  operator  can  never  be  sure  of  a  successful  cementing 
job  in  using  this  method,  for  the  reason  that,  with  the  packer  outside 
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and  the  plug  inside  of  the  tubing,  the  casing  is  closed  almost  water  tight, 
and  on  pulling  the  tubii^  the  cement  will  be  pumped  back  into  the 
casing.  No  seat  can  be  made  that  will  withstand  this  suction.  The 
tubing  being  plugged  at  the  bottom,  the  string  will  have  to  be  pulled 
wet.  This  is  a  very  bad  feature,  especially  in  the  long  strings,  as  it  puts 
an  unwarranted  strain  on  the  tubing  if  an  attempt  is  made  to  pull  the 
tubing  fast.    It  also  more  than  doubles  the  time  of  puUii^. 

Method  5.— To  have  success  with  this  method,  the  packer  must  be 
absolutely  tight,  otherwise  the  tubing  will  be  cemented  in.  As  the 
chances  are  there  will  be  at  least  a  small  leak,  it  is  welt  to  take  precau- 
tions to  prevent  the  casing  from  being  cemented  in.  Either  the  tubing 
must  be  removed  or  the  left-hand  thread  must  be  on  a  connection  further 
up  the  hole.  The  bottom  4  to  8  ft.  of  the  tubing  may  be  made  of  cast 
iron  with  longitudinal  flutes  to  make  it  light  enough  to  be  easily  broken. 
■  This  method  is  open  to  the  same  objection — that  the  string  will  have  to 
be  pulled  wet. 

PerktTis  Method. — This  method  can  only  be  used  in  a  few  wells  where 
conditions  for  cementing  are  ideal.  Under  average  conditions  the  ca^ng 
has  to  be  pulled  more  than  3  or  4  ft.  off  of  bottom,  which  makes  the 
cast-iron  packer  too  long.  Also  in  most  cases  the  casing  has  to  be 
moved  up  and  down  as  the  heavy  cement  is  being  pumped  up  outside 
of  the  casing.  The  second  packer,  B,  if  made  as  shown  would  stick 
and  turn  sideways,  allowing  the  cement  to  pass  it.  The  cast-iron  packer 
is  not  easily  broken.  The  stem  being  bedded  in  cement,  it  is  in  a  con- 
dition to  resist  being  broken  by  ordinary  blows.  There  is  great  danger 
of  breaking  the  seat  while  drilling  out  cement  alone  and  the  iron  adds 
materially  to  the  amount  of  drilling  necessary. 


Tfae  Apex  Law  in  the  Drumlummon  ControTerqr 

of  the  paper  of  Charles  W,  Goodale,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  Buifeitn  No.  89,  May,  1814,  pp.  745  to  758. 

Senator  Thomas  J.  Walsh,  Helena,  Mont.— I  should  point  out  the 
one  apex  proposition  which  was  determined  in  this  St.  Louis-Nine  Hour 
litigation. 

There  ran  along  in  this  litigation  the  question  of  what  right  would 
exist  in  the  case  of  split  apex — that  is,  where  a  portion  of  the  apex  was 
within  one  claim  and  a  portion  within  another  claim.  That  question 
was  determined  in  another  case. 

In  Fig.  3  of  the  paper  you  will  see  illustrated  what  is  called  the  lOS-ft. 
plane  and  the  135-ft.  plane.  The  apex  of  the  vein  in  question  is  quite 
wide.  Going  now  to  the  upper  left-hand  comer,  you  will  observe  that 
coming  from  the  left  is  the  apex  of  the  vein.     It  reaches  the  Nine-Hour 
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or  compromise  ground,  marked  in  blue,  at  what  is  indicated  as  the  108-ft. 
plane.  At  that  point  it  begins  to  enter  the  compromise  ground,  but  it  is 
not  all  within  the  compromise  ground  until  the  I35-ft.  plane  is  reached. 

Now,  the  question  arose  as  to  where  the  rights  of  the  St.  Louis  Co. 
ceased-^whether  its  rights  ceased  when  the  vein  first  began  to  enter  the 
compromise  ground  at  the  108-ft.  plane  or  at  the  plane  at  which  it  was 
all  within  the  ground. 

Judge  Hiram  Knowles,  before  whom  it  was  tried,  a  judge  profoundly 
familiar  with  the  mining  law,  held  that  the  rights  of  the  St.  Louts  Co. 
ceased  at  the  108-ft.  plane.  That  is,  he  held  that  as  soon  as  any  portion 
of  the  vein  entered  the  compromise  ground,  the  Ime  parallel  to  he  end 
line  was  there  to  be  drawn  defining  the  extent  of  the  apex  right.  That 
view,  however,  was  reversed  by  the  Circuit  Court  of  Appeals,  which 
held  that  the  133-ft.  plane  bounded  the  extra-lateral  rights  (that,  by  the 
way,  should  be  133  in  place  of  135),  and  it  determined  the  proposition 
that  in  case  of  a  wide  apex  passing  from  one  claim  into  another  the  owner 
of  the  apex  could  take  all  of  the  vein  up  to  the  plane  which  marked  the 
mo5t  extreme  point. 

R.  W,  Raymond,  New  York,  N.  Y. — Having  been  personally  engaged, 
as  expert  counsel  and  witness,  in  the  first  part  of  the  litigation  described 
by  Mr.  Goodale,  and  cognizant  of  its  later  stages,  I  desire  to  point  out 
briefly  some  of  its  more  important  features. 

1.  This  contest,  from  beginning  to  end,  was  waged  by  the  St.  Louis 
Co.  against  a  company  of  British  capitalists  who  had  purchased  the  prop- 
erty, and  invested  their  money  for  its  development,  in  entire  good  faith, 
and  who  never  undertook  to  do  more  than  defend  what  they  had  bought 
and  paid  for,  and  honestly  believed  that  they  owned.  That  this  com- 
pany, after  many  years  of  litigation,  was  finally  forced  to  submit  to  a 
practical  confiscation  of  its  supposed  property,  is  chargeable,  not  to  the 
action  of  its  adversaries,  who  doubtless  claimed  only  that  to  which  they 
thought  themselves  legally  entitled,  but  to  the  law  which  made  such 
conflicts  possible.  The  victims  of  the  law  in  this  case  were  those  who 
had  sedulously  sought  to  obey  it. 

2.  Mr.  Goodale  omits  to  mention  in  detail  a  number  of  mterlocutory 
proceedings,  which  would  swell  the  aggregate  amount  of  the  litigation 
involved. 

3.  This  litigation  involved  several  "leading  cases,"  in  which  the 
U,  S.  Supreme  Court  settled  important  questions  for  the  first  time.  But, 
before  mentioning  these,  I  would  call  attention  to  a  point  decided  in  the 
eo-called  "Triangle"  case,'  and  not  appealed,  but  subsequently  decided 
m  the  opposite  sense  by  the  U.  S.  Supreme  Court  in  another  case.' 

'  Montana  Co.  vi.  Clark,  42  Fed.,  626. 

1  Del  Monte  Mg.  Co.  vs.  Last  Chance  Mg.  Co.,  171  U.  S.,  55, 
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The  latter  decision  set  up  a  novel  doctrine  as  to  the  nature  of  the  title 
of  a  possessory  owner  of  mineral  land  by  location.  The  statute  said 
that  such  locators  should  have  "the  exclusive  right  of  possession  and 
enjoyment  of  all  the  surface  included  within  the  lines  of  their  locations"; 
and  this  was  naturally  construed  by  everybody  to  mean  that  this  pos- 
sessory title,  so  long  as  it  was  kept  valid  by  compliance  with  legal  require- 
ments, was  equivalent  to  ownership,  so  that  noione  could  intrude  upon 
the  surface  which  it  covered  without  committing  a  trespass;  and  that, 
consequently,  no  one  could  establish  a  location  in  the  required  rectangular 
form  by  putting  his  corner  stakes  on  another  man's  ground,  and  then,  in 
his  application  for  patent,  excepting  the  ground  already  owned  by  bis 
neighbor,  but  claiming  the  rest  as  a  valid  location,  whatever  its  shape. 
But  the  U.  S.  Supreme  Court  held,  in  the  later  Del  Monte  case,  cit*d 
above,  that  the  locator  was  not  an  owner,  and  that"  imaginary  boundaries" 
might  be  drawn  for  a  later  location  on  the  surface  of  his  location,  so  as  to 
secure  extra-lateral  rights,  not  impairing  his  rights. 

The  Montana  statute,  authorizing  the  inspection  and  survey  of  a 
mine,  to  ascertain  whether  a  trespass  bad  been  committed,  and  the 
extent  of  damage  thereby  tn&icted,  for  the  purpose  of  getting  fads  for  the 
commencement  of  a  suit,  was  a  decided  novelty.  According  to  the  pre- 
vious practice,  a  party  might  apply  for  such  an  inspection,  after  he  had 
broi^ht  a  bill  in  equity,  just  as  the  complainant  in  a  civil  suit  may  apply 
for  permission  to  examine  the  defendant  prior  to  trial;  because  the  com- 
mencement of  the  suit  puts  the  question  or  the  property  concerned  within 
the  jurisdiction  of  the  court,  and  places  the  complainant  under  serious 
responsibilities  and  pecuniary  liabilities.  But  it  was  a  startling  propo- 
sition that  a  party  could  go  before  a  court  and  say,  "My  neighbor  is 
mining  much  ore;  and  I  would  like  to  know  where  his  bonanza  lies,  and 
whether  some  of  it  is  not  mine  by  extra-lateral  right  or  otherwise.  I 
will  not  take  the  responsibility  of  beginning  a  suit,  because  I  do  not  really 
know  that  I  have  any  ground  for  legal  complaint,  and  I  do  not  wish  to 
frame  a  complaint,  without  first  ascertaining  just  what  to  claim,  and 
where,  so  as  to  secure  the  greatest  advantage  by  victory — or  else,  dis- 
covering that  I  have  no  case,  so  as  to  avoid  fighting  altogether.  I 
therefore  ask  the  court  to  order  a  survey  of  my  neighbor's  mine  workings 
for  the  purpose  of  giving  me  the  information  I  desire" — and  that  the 
court  might  make  such  a  decree,  without  requiring,  as  a  condition  pre- 
cedent, the  commencement  of  a  suit. 

When  I  say  this  was  new  doctrine,  I  do  not  mean  that  similar  statutes 
did  not  exist  in  other  States,  It  is  enough  to  say,  that  the  question  was 
carried  to  the  U.  S.  Supreme  Court  in  this  case,  on  the  proposition  that 
the  decree  authorizing  entry,  survey,  etc.,  upon  private  property  m 
advance  of  any  other  proceeding,  was  not  "due  process  of  law,"  and 
therefore  that  the  statute  authorizing  it  contravened  the  Constitution 
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possible  doubt,  except  by  driving,  on  B's  ground,  from  the  bottom  of  an 
excavation  of  A,  an  incline  to  reach  the  top  of  B's  excavation;  and  A'3 
application  to  have  this  connection  made  under  the  direction  of  the  court 
was  refused.  In  vain  were  the  opinions  and  decisions  of  American  courts, 
interpreting  the  apex  law,  produced  in  argument.  They  were  received 
with  complimentary  comments  as  worthy  of  consideration,  but  not 
authoritative  in  a  Crown  Province,  taking  its  precedents  from  the 
British  Chancellor  or  the  House  of  Lords.  It  was  very  difficult  to  find 
such  precedents;  for  the  British  decisions  had  never  dealt  with  the  apex 
law;  but  finally  (to  skip  all  intermediate  steps)  an  equity  decision  was 
discovered,  which  proved  to  cover  the  point.  It  was  in  a  dispute,  involv- 
ing the  responsibility  for  an  evil  odor,  proceeding  from  a  system  of  drtune; 
and  since  the  actual  source  of  the  evil  odor  could  not  be  ascertained  with- 
out investigating  the  connections  of  the  drains  under  an  adjacent  public 
highway,  the  court  ordered  the  d^ging-up  of  that  highway,  in  order  to 
obtain  the  information  necessary  to  a  just  decision.  But  the  highway 
belonged  to  the  King,  and  if  the  King's  property  rights  could  be  violated 
for  such  a  reason,  how  much  more  those  of  a  private  subject!  It  was 
this  fragrant  precedent  that  ultimately  secured  for  A  an  order  of  court, 
authorizing  the  excavation  which  established  his  extra-lateral  right. 

Many  other  points  in  Mr.  Goodale's  paper  might  be  made  the  sul>- 
jects  of  extended  comment.  But  I  will  mention  only  one.  The  compli- 
cated litigation  over  the  "compromise  ground,"  which  ultimately  ruined 
the  Montana  Co.,  was  due  to  the  form  of  the  agreement  (and  the  subse- 
quent deed,  conforming  thereto)  which  conveyed  only  a  given  area,  "  with 
the  mineral  therein  contained  ",  and  did  not  name  the  extra-lateral  right. 
If  the  "compromise  ground"  had  been  conveyed  without  any  such 
specific  qualification,  the  conveyance  might  easily  have  been  construed, 
under  the  principle  laid  down  in  the  old  Eureka  case,  according  to  the 
custom  of  miners,  as  conveying  all* the  rights  appertaining  to  the  owner- 
ship of  the  ground  as  part  of  the  senior  Nine  Hour  location.  That  was 
undoubtedly  the  original  intention  of  the  parties.  But  the  specification 
in  a  deed  of  what  is  actually  conveyed,  may  exclude  the  condderation 
of  other  things  orally  promised  or  mentally  intended.  It  may  fairly  be 
said,  therefore,  that  the  hardship  and  injustice  suffered  by  the  Montana 
Co.  in  connection  with  its  "compromise  ground,"  were  due  to  the  error 
of  its  original  grantor.  Nevertheless,  it  still  remans  a  pertinent 
objection  to  the  apex  law  that  such  punishments  of  innocent  error  and 
such  hardships  to  bona  fide  investors  can  take  place  under  its  honest 
administration. 

M.  K.  RoDGEHs,  Santa  Monica,  Cal. — My  early  work  was  in  Butte, 
and  I  remember  one  of  the  first  things  I  noticed  there  on  the  apex  law 
was  a  fracture  owned  by  a  gentleman  in  Butte.  Considerable  ore  was 
being  taken  out.     The  Anaconda  Co.  was  interested  in  the  ore  taken  out, 
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aad  found  that  there  was  a  small  vein  on  the  side  of  the  mountain.  We 
got  into  litigation  and  we  found  that  both  were  taking  out  ore  which 
did  not  belong  to  either,  but  which  belonged  to  the  Anaconda  Co. 

My  experience  in  British  Columbia  and  in  this  country  ted  me  to 
this:  I  eliminated  the  apex  law  from  all  concerns  or  properties,  and  we 
would  not  have  anything  to  do  with  a  mining  company  that  based  its 
title  on  the  apex  law,  and  a  bunch  of  lawyers  and  a  bunch  of  innocent 
Western  jurors  to  give  you  justice. 

The  expert's  work  is  only  good  until  further  development  works 
changes;  change  conditions,  and  he  will  then  change  his  opinion.  I 
found  it  worked  well  to  eliminate  the  apex  law  from  my  work  entirely. 
The  indefiniteness  of  the  apex  conditions  is  such  that  no  apex  law 
will  cover  it.  It  is  much  easier  to  do  mining  business  in  Canada,  for  the 
reason  that  their  laws  are  definite,  and  ours  are  not. 

If  you  own  a  claim  at  the  head  of  the  Copper  river  to-day,  and 
another  on  the  British  side  of  the  line,  it  will  cost  the  American  any- 
where from  11,000  up  to  do  $100  worth  of  work;  while  on  the  other  aide 
you  can  remit  your  check  and  do  the  work. 

In  British  Columbia  you  have  something  in  the  way  of  an  abstracted 
title.  As  soon  as  you  do  your  assessment  work  you  must  describe  what 
you  do.  At  the  end  of  five  years,  you  have  something.  On  the  Alaska 
side  you  do  not  even  have  a  record  of  the  work  of  two  years  ago,  and  at 
the  end  of  five  years  your  title  depends  upon  whether  there  are  more 
people  there  to  swear  you  did  your  work  or  more  people  who  will  swear 
you  did  not  do  the  work.  A  wise  Swede  out  there  had  a  claim,  during 
the  days  when  everything  was  jumped.  He  had  seven  or  eight  comers 
at  his  corner  post.  Some  one  noticed  it  and  said,  "Somebody  has  been 
jumping  you  too,  have  they?"  He  said,  "No,  I  jump  myself  every  six 
weeks." 

Chables  H.  Shamel,  Springfield,  111.  (communication  to  the  Secre- 
tary*).— Mr.  Goodale's  history  of  the  litigation  involving  the  Drum- 
lummon  lode  is  a  clear  and  interesting  account  of  a  celebrated  con- 
troversy involving  the  apex  law.  It  is  written  at  this  time  for  its  bear- 
ing on  the  proposed  repeal  of  the  apex  law;  and  its  intended  moral  is 
that  the  apex  law  is  " immeasureably  bad."  He  asks:  "Can  anyone 
describe  an  instance  where  such  injustice  has  resulted  in  the  operation 
of  the  minii^  laws  of  other  countries?"  Unfortunately,  I  am  not  familiar 
with  the  history  of  minii^  litigation  elsewhere  than  in  the  United 
States  and  so  cannot  answer  the  question  exactly  as  proposed.  There 
are,  however,  only  two  practical  alternatives  for  a  law  governing  under- 
ground rights  anywhere  in  the  world:  allowing  the  vein  to  be  followed 
wheresoever  it  may  lead  (the  principle  of  the  apex  law);  and  hmitation 

*  Received  Feb.  3,  1914. 
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by  vertical  planes  through  boundaries.  The  latter  alternative  rules  in 
the  greater  part  of  the  United  States  (a  fact  which  appears  to  be  over- 
looked by  many  writers)  and,  without  going  from  home,  the  examples 
the  gentleman  asks  for  can  be  readily  furnished  and  these  entirely  de- 
molish any  argument  against  the  apex  law  founded  on  the  Drumlummon 
.  case.  A  striking  example  is  the  bitter  litigation  about  the  zinc  deposits 
at  FrankUn  Furnace,  N.  J.,  lasting  in  various  form  nearly  half  a  centur}'. 
I  have  outlined  this  remarkable  litigation  elsewhere  and  it  would  be  im- 
possible to  do  so  here  within  allowable  space.' 

Another  recent  example  is  the  enormously  protracted  (about  3 
months  for  one  trial)  and  expensive  (about  $60,000  for  court  costs  alone) 
trial  in  the  U.  8.  district  court  in  New  York  city,  which  resulted  in  the 
conviction  and  sentence  to  the  penitentiary  for  fraud  by  a  mining  com- 
pany of  Julian  Hawthorne,  and  a  doctor  and  an  Austrian  whose  names 
just  now  escape  me.  There  are  very  numerous  examples  of  this  kind 
equal  to  the  Drumlummon  litigation.  I  happen  to  know  personally 
of  a  litigation  arising  in  a  rural  county  in  Illinois  about  the  corporate 
affairs  of  an  Arizona  mining  company  which  lasted  13  years,  and  re- 
sulted in  the  wrecking  of  the  company  which  previously  stood  in  the 
not  overcrowded  rank  of  dividend  payers. 

A  search  would  doubtless  disclose  in  the  legal  history  of  the  United 
States  many  other  equally  important  mining  litigations  also  not  involv- 
ing the  apex  law  at  all;  ao  that  it  is  utterly  fallacious  to  argue  that  the 
Drumlummon  case  justifies  the  repeal  of  that  law.  From  scattered 
hints  in  reading,  I  believe  that  other  mining  countries  would  furnish 
also  many  examples  of  just  as  important  litigations.  I  have  conclusive!}' 
shown  in  my  main  contribution  to  this  discussion,  by  an  actual  count  of 
the  mining  cases,  that  the  apex  law  causes  much  less  than  its  propor- 
tionate share  of  mining  litigation,  instead  of  nearly  all  of  it,  as  most  non- 
legal  writers  seem  to  assume.  The  instances  I  give  above  prove  that  its 
lawsuits  are  not  more  protracted  or  expensive  than  other  mining 
litigation. 

If  injustice  resulted  from  the  final  decision  in  the  Drumlummon 
case,  as  Mr.  Goodaie  seems  to  believe,  the  fault  lies  not  with  the  apex 
law,  but  with  the  existing  instruments  and  methods  of  legal  procedure. 
I  am  as  strongly  in  favor  as  any  one  can  possibly  be  of  a  thorough-going 
reformation  of  our  entire  legal  system.  It  is  foolish  to  try  this  kind 
of  a  case  or,  in  truth,  any  kind  of  a  case  before  a  jxuy,  if  an  honest  and 
impartial  judge  can  be  found  to  try  it;  and,  under  a  proper  legal  system, 
this  could  be  done  without  fail.  Our  Anglo-American  jury  system  is  an 
archaic  survival  of  an  entirely  different  state  of  society  and  stage  of 

*  See  Shamel's  Mining,  Mineral  and  Geological  Law,  p.  43  et  »eq.,  where  the  cit*' 
tions  to  the  original  reports  of  the  case  are  given. 


.coy  Google 


t^Btem,  would  be  decided  according  to  the  best  knowledge  of  engineers 
r  other  experts;  and  the  ignorance  of  ju(^e  and  jury  about  descriptive 
eometry  does  not  matter.  In  fact,  justice  can  be  more  nearly  attained, 
nd  I  would  rather  try  a  technical  or  scientific  case  before  a  judge  and 
iry  entirely  without  knowledge  of  the  technical  or  scientific  principles 
ivolved,  because  if  the  expert  who  testifies  and  furnishes  the  technical 
iformation  is  mistaken  or  false  it  can  be  exposed  and  thrown  out,  but 
:  is  impossible  to  know  and  correct  technical  mistakes  which  may  lurk 
i  the  minds  of  judge  or  jury  supposed  to  be  familiar  with  them.  In 
ly  judgment,  neither  Mr,  Goodale  nor  Mr.  Greene  advances  any 
rguments  justifying  even  remotely  the  proposal  to  repeal  the  apex 
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Disoussion  of  the  paper  of  F.  L.  Subb,  preseatod  at  the  New  York  meeting,  February, 
1914,  and  printed  in  BuUelin  No.  87.  March,  1914,  pp.  65fi  and  556.         , 

Sidney  J.  Jennings,  New  York,  N.  Y.— This  paper  seems  to  open  up 
what  is  desirable  in  the  new  law  of  the  United  States.  I  think  that  is  a 
point  on  which  the  Institute  would  like  to  be  heard  when  new  laws  are 
actually  proposed  by  the  government  in  the  shape  of  bills  before  Congress. 
And  it  would  be  wise  before  any  new  legislation  is  passed  to  have  a 
Commission  gather  the  views  and  opinions  concerning  the  deEdmble 
features  of  mining  laws  of  other  countries,  and  those  which  appeal  most 
strongly  to  the  operating  engineers  in  the  United  States. 

W.  L,  CuuiNOa,  Bethlehem,  Pa. — Mr,  Sizer's  paper  suggests  some- 
thing which  I  have  not  noticed  in  many  of  the  papers  on  this  subject, 
and  that  is,  more  comparisons  drawn  between  the  mining  laws  of  the 
United  States,  and  those  of  other  countries,  showing  the  good  and  bad 
features  of  each.  We  all  know  that  there  are  serious  objections  to 
some  features  of  the  mining  laws  of  the  Spanish-American  countries, 
such  as,  for  instance,  confusion  arising  from  the  classification  of  mineral 
deposits.  This  has  given  rise  in  Cuba  to  a  lawsuit  which  compares  in 
magnitude  with  many  of  the  famous  apex-law  cases. 

In  this  connection  it  would  seem  that  descriptions  of  some  of  the 
complicated  ore  deposits  of  other  countries  could  be  used  aa  examples 
showing  the  litigation  that  would  undoubtedly  have  followed  had  the 
same  been  located  in  the  United  States. 

William  B.  McKinlat,  New  York,  N,  Y,  (communication  to  the 
Secretary*).—!.  The  "square  location,"  On  account  of  the  extremely 
irregular  nature  of  some  ore  deposits,  it  would  perhaps  be  restrictive 
to  the  point  of  injustice  were  a  miner  compelled  to  locate  his  ground  in 
the  form  of  one  large  square.  In  the  various  contributions  wliich  I  have 
had  the  privilege  to  intrude  in  the  extra-lateral  wrangle,  I  have  consist- 
ently urged  that  locations  should  be  made  in  a  form  resembling  the 
Mexican  "pertenencia"  system;  i.e.,  blocks  of  ground  bounded  on  the 
surface  by  true  squares  of  moderate  size  (or  rather  by  the  lines  of  vertical 
projection  of  a  true  square  upon  the  surface  of  the  ground)  and  bounded 
laterally  by  vertical  planes  passing  through  the  suface  lines. 

About  10  years  ago  there  was  introduced  in  the  House  of  Repre- 
sentatives a  bill  prepared  by  me  and  containing  some  of  the  "innova- 
tions" which  I  advocated.  The  same  bill,  with  a  slight  change,  is  at 
present  being  considered  for  introduction  in  the  U.  S.  Senate,  though  at 
present  overshadowed  by  matters  of  more  urgent  importance,  such  as 

•  Received  Mar.  20,  1914. 
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the  Mexican  policy  and  the  Canal  tolls  question.    The  present  tex}. 
of  this  tentative  bill  is  as  follows: 

A  Bill  to  amend  Beotioiu  twenty-three  hundred  aad  twenty,  twenty-three  hundred 

and  twenty-two,  twenty-three  hundred  and  twenty-three,  and  twenty-three  hundred 

and  twenty-four  of  the  Revised  Statutes  of  the  United  States,  and  for  other  purposes. 

Be  it  enaeUd  by  the  Senate  and  Home  of  Representatives  of  the  United  Stale*  of 

A  merica  in  Congress  agsen^Ud, 

Thai  sections  tvienti/-three  hundred  and  twenly,  IwerUy-three  hundred  and  ttoerUy-lwo, 
twenty-three  hundred  and  twenty-three,  and  ttcenty^hree  hundred  and  Iteenty-four  of  (he 
Bevised  Slaiuies  are  hereby  amended  ao  as  to  read  as  follows: 

Sec.  2320.  Mining-claims  upon  veins  or  lodes  of  quarts  or  other  rock  in  place 
bearing  gold,  silver,  cinnabar,  lead,  tin,  oopper,  or  other  valuable  deposits,  heretofore 
located,  shall  be  governed  as  to  length  along  the  vein  or  lode  by  the  customs,  regula- 
tions, and  laws  in  force  at  the  date  ot  their  location.  A  mining-claim  located  after  the 
.  passage  of  this  act,  whether  located  by  one  or  more  persons,  shall  be  rectangular  in 
fwm  and  may  equal,  but  shall  not  exceed,  four  contiguous  mining-blocks,  each  of 
which  shall  be  a  square  with  aides  measuring,  as  near  as  may  be,  six  hundred  and  sixty 
feet.  Provided,  however,  if  it  be  impracticable  to  procure  blocks  of  true  squares 
because  of  a  previous  valid  location  the  new  location  shall  be  bounded  on  all  sides  by 
straight  tines  at  right  angles,  except  along  the  boundary  of  such  location  or  locations. 
No  claim  shall  be  granted  for  an  area  less  than  that  of  a  mining-block,  except  when, 
from  any  cause,  a  grant  of  that  quantity  cannot  be  made.  No  claim  may  be  located 
until  the  discovery  of  a  vein,  lode,  ledge,  or  deposit  within  the  limits  of  one  of  the 
mining-blocks;  though  a  single  block  may  be  provisionally  claimed  as  a  prospecting 
claim,  in  the  manner  described  in  Section  2323. 

Sec.  2322.  The  locators  of  all  mining-claims  heretofore  locat«d  or  which  shall 
hereafter  be  located,  on  any  mineral  vein,  lode,  ledge,  or  deposit,  situated  on  the  public 
domain,  their  heirs  and  assigns,  where  no  adverse  claim  exists  at  the  passage  of  this  act, 
BO  long  as  they  comply  with  the  laws  of  the  United  States,  and  with  State,  territorial, 
and  local  regulations  not  in  conflict  with  the  laws  of  the  United  States  governing  their 
possessory  title,  shall  have  the  exclusive  right  of  possession  and  enjoyment  of  all  the 
surface  included  within  the  lines  of  their  locations,  and  of  all  veins,  lodea,  ledges,  and 
deposits  included  within  the  territory  bounded  by  vertical  planes  passing  through  the 
lines  of  their  locations. 

Provided,  however,  that  the  locators  of  mining-claims  located  prior  to  the  passage 
of  thb  act,  their  heirs  and  assigns,  shall  have  the  right  to  exploit  or  mine  all  veins, 
lodes,  and  ledges  throughout  their  entire  depth,  which  shall  have  been  discovered  by 
the  said  locators  or  their  heirs  and  assigns  and  actually  exploited  or  mined  prior  to  the 
passage  of  this  act,  although  such  veins,  lodes,  or  ledges  may  so  far  depart  from  a 
perpendicular  In  their  course  downward  as  to  extend  outside  the  territory  bounded  by 
vertical  planes  through  the  side-lines  of  the  surface  locations. 

But  their  right  ol  possession  to  such  outside  parts  of  such  veins,  lodes,  or  ledges 
shall  be  confined  to  such  portions  thereof  as  lie  between  the  vertical  planes  passing 
through  the  end-lines  of  their  locations.  And  nothing  in  this  section  shall  authorize 
the  locator  or  possessor  of  a  vein,  lode,  or  ledge  which  extends  In  Its  downward  course 
beyond  the  vertical  planes  through  the  side-lines  of  his  claim  to  enter  upon  the  surface 
of  a  claim  owned  or  possessed  by  another.  Nor  shall  anything  in  this  section  be  so 
construed  as  to  authorise  any  locator  or  possessor  of  a  mining-claim  to  exploit  or  mine, 
outside  of  the  limits  of  the  territory  bounded  by  vertical  planes  passing  through  the 
lines  of  their  location,  any  vein,  lode,  or  ledge  not  discovered,  exploited,  or  mined  prior 
to  the  passage  of  this  Act,  even  though  the  top  or  apex  of  the  vein,  lode,  ot  ledge  may 
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be  oonaidered  to  lie  within  the  limits  of  the  above-desnribed  t«irrit(»7.  And  the  Murt 
to  exercise  the  right  to  exploit  or  mioe  beyond  the  side-lines  of  a  ol&im  during  a  period 
of  twelve  months  at  any  time  subsequent  to  the  passage  of  this  Act  shall  be  oonsidsred 
as  an  abandonment  of  suoh  rights. 

Sec.  2323.  A  single  mining-blodc  may  be  provisionally  located  as  a  prospecticf 
block  or  prospecting  claim,  before  the  actual  discovery  of  a  vein,  lode,  ledge,  or  deposit; 
and  the  locator  of  a  prospecting  daim  shaQ  have  the  right  to  sink  shafts,  run  tunnels, 
and  carry  on  other  exploratory  work  for  the  discovery  of  mineral,  within  the  limitB  of 
the  block  located.  Locations  of  prospecting  claims,  conflicting  with  prior  locations  oa 
which  work  is  being  prosecuted  with  reasonable  diligence,  shall  be  invalid.  And 
failure  to  prosecute  the  work  oo  a  prospecting  claim  for  six  months  shall  be  considered 
as  an  abandonment  of  the  right  to  all  undiscovered  veins,  lodes,  ledges  or  deposits 
within  the  limits  of  the  prospecting  block.  But  the  rights  of  the  locatOT  ot  a  pros- 
pecting claim,  as  long  as  it  is  merely  a  prospecting  claim,  shall  not  interfere  withtbr 
rights  of  the  locator  of  a  mining-claim  to  choose  such  location  as  he  desirefl  tat  the 
additional  mining-blocks  adjacent  to  the  mining-block  in  which  he  has  actually  dis- 
covered a  vein,  lode,  ledge,  or  deposit  of  mineral. 

Sec.  2324.  The  miners  of  each  mining  district  may  make  regulations  not  io 
conflict  with  the  laws  of  the  United  States,  or  with  the  laws  of  the  8tat«  or  Territoi?' 
in  which  the  district  is  situated,  governing  the  location,  manner  of  recording,  amount 
of  work  necessary  to  hold  possession  of  a  mining-claim  or  a  prospecting  claim,  subjerl 
to  the  following  requirements: 

The  location  must  be  distinctly  marked  upon  the  ground  so  that  its  boundaries 
can  be  readily  traced.  All  records  of  mining-claims  hereafter  made  shall  contain  the 
name  or  names  of  the  locators,  the  date  oi  the  location,  and  such  a  description  of  the 
claim  or  claims  located  by  reference  to  some  natural  object  or  permanent  monumenl 
as  will  identify  the  claim.  On  each  mining-claim  located  aft«r  the  passage  of  Ihb 
Act,  and  until  a  patent  has  been  issued  therefor,  labor  shall  be  performed  or  improve 
ments  made  during  each  3'ear,  to  the  value  of  not  less  than  twenty-five  dollars  for  eacb 
mining-block  or  fraction  thereof.  On  all  claiffls  located  prior  to  the  psasage  oE  this 
Act,  not  less  than  one  hundred  dollars  worth  of  labor  shall  be  performed  or  improve- 
ments made  within  eighteen  months  from  the  passage  of  this  Act,  and  each  year 
thereafter  until  a  patent  has  been  issued  therefor;  but  where  contiguous  claims  air 
held  in  common,  such  expenditure  may  be  made  upon  any  one  claim.  And  upon  ■ 
failure  to  comply  with  these  conditions,  the  claim  or  mine  upon  which  such  failurr 
occurred  shall  be  open  to  re-location  in  the  same  manner  as  if  no  location  of  the  same 
had  ever  been  made,  provided  that  the  original  locators,  their  heirs,  assigns,  or  legal 
representatives,  have  not  resumed  work  upon  the  claim  after  failure  and  britve  such 
re-location.  Upon  the  failure  of  any  one  of  several  co-owners  to  contfibutf  his 
proportion  of  the  expenditures  required  hereby,  the  co-owners  who  have  performed  the 
labor  or  made  the  improvements  may,  at  the  expiration  of  the  year,  give  such  delin- 
quent co-owner  personal  notice  in  writing  or  notice  by  publication  in  the  newspaper 
published  nearest  the  claim,  for  at  least  once  a  week  for  ninety  days,  and  if  at  the 
expiration  of  ninety  days  after  such  notice  in  writing  or  by  publication  such  ddinquent 
should  fail  or  refuse  to  contribute  his  proportion  of  the  expenditure  required  hy  this 
section,  his  interest  in  the  claim  shall  become  the  property  of  his  oo-ownera  who  have 
made  the  required  expenditures. 

It  is  not  expected,  nor  is  it  entirely  desirable,  that  the  bill  in  its 
present  form  should  be  finally  enacted  as  a  law.  Certain  details  have 
been  incorporated  in  it  simply  _for  the  purpose  of  exciting  discusmon,  so 
that  when  the  final  draft  shall  have  been  prepared  it  will  contain  the 
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features  which  promise  to  afford  the  healthy  stimulation  which  the 
mining  industry  needs. 

The  present  laws  establishing  the  method  of  location  of  mineral  lands 
situated  in  what  are  known  as  the  public  lands  of  the  United  States  of 
America  were  based  upon  mistaken  ideas  as  to  the  nature  of  mineral 
veins  and  deposits.  It  was  apparently  assumed  that  ail  deposits  exited 
in  true  fissure  veins  extending  downward  Into  the  earth  for  an  indefinite 
distance  and  rarely  departing  any  great  distance  from  the  perpendicular. 

It  was  deemed  just,  by  the  makers  of  the  laws,  that  a  miner  should 
be  entitled  to  mine  throughout  its  depth  any  deposit  whose  apex  or 
highest  point  he  might  discover  in  the  course  of  working  within  the  limits 
of  his  own  claim;  even  though  the  deposit  might  extend  beyond  the 
bounds  of  perpendicular  planes  passing  through  the  side  lines  of  his  own 
claim. 

In  the  course  of  many  years  of  mining  work  carried  on  since  the 
enactment  of  the  present  laws,  it  has  been  learned  that  many  mineral 
deposits  have  a  character  totally  unlike  that  presumed  in  the  original 
premises.  As  a  consequence,  many  long  and  bitter  fights  have  been 
carried  on  in  the  courts  (and  out  of  court),  involving  claims  to  ore  de- 
posits mined  and  unmined.  The  trend  of  the  deposits,  often  difficult 
to  determine  even  under  peaceful  conditions  of  working,  has  in  some 
instances  been  greatly  obscured  by  the  dynamiting  of  worked-out  slopes 
by  miners  who  desired  to  give  themselves  the  benefit  of  the  doubt. 

Were  the  limits  set  by  the  definite  bounds  of  vertical  planes  through 
lines  of  surface  ownership,  any  disputes  as  to  the  ownership  of  ore  could 
be  resolved  by  simple  surveying. 

In  the  States  where  there  is  no  Federal  public  iand  the  Federal 
mining  laws  do  not  apply.  Thus,  for  example,  in  the  State  of  Michigan, 
in  Houghton  county,  it  was  possible  for  the  Tamarack  Mining  Co. 
to  sink  a  shaft  through  several  thousand  feet  of  barren  rock  in  order  to 
tap  the  celebrated  conglomerate  copper  deposit  worked  from  the  surface 
by  the  Calumet  &  Hecia  Co.  Had  the  Federal  mining  laws  applied  in 
that  district,  the  Calumet  &  HecIa  would  have  enjoyed  a  monopoly 
and  have  left  as  future  ore  reserves  the  deposit  worked  by  the  Twnarack 
Co.  But,  since  rational  laws  governed  the  title  to  the  said  depc^it, 
employment  was  given  to  many  thousands  of  men  and  the  sinking  of  the 
deepest  mine  shaft  in  the  world  was  later  justified  by  the  results  ob- 
tained by  the  Tamarack  Co.  Also,  the  sinking  of  the  great  Whiting 
shaft  was  undertaken  by  the  Calumet  &  HecIa  Co.,  partly  due  to  the 
encouragement  induced  by  its  ne^hbor's  success. 

While  it  is  desirable  to  limit  the  rights  of  possession  of  ore  deposits 
by  providing  that  all  future  locations  shall  give  definite  possession  within 
the  definite  bounds  of  vertical  planes,  it  is  desirable  that  vested  rights 
(previously  granted  by  laws  which,  however  irrational  they  may  have 
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been,  nevertheless  were  the  laws  of  the  land)  should  not  be  taken  ftw&y 
during  the  enjoyment  of  said  rights.  But  it  is  not  compatible  with  the 
principles  of  our  government  to  continue  to  sustain  monopolistic  privil^es 
of  an  indefinite  character  for'the  benefit  of  those  individuals  or  corpora- 
tions who  neglect  or  refuse  to  exercise  the  indefinite  privileges  either  for 
their  own  benefit  or  for  the  benefit  of  the  community  in  general. 

In  my  opinion  it  would  not  be  correct  to  assume  that  the  annulling 
of  an  unexercised  indefinite  privilege  would  constitute  ex-potilrfado 
l^slation,  because  from  the  very  nature  of  the  extra-lateral  right  privi- 
l^e  the  fact  of  the  existence  of  ore  beyond  the  side  lines  of  a  claim  is  not 
demonstrated  to  be  a  fact  until  the  ore  itself  is  uncovered  and  mined. 

It  is  not  claimed  that  the  amendment  of  the  mining  laws  will  prove  a 
universal  panacea  for  all  the  ills  which  at  present  afflict  the  mining 
industry.  But  amendment  along  the  general  lines  as  suggested  by  the 
draft  which  I  have  submitted  would  certainly  tend  to  stimulate  prospect- 
ing activity  and  would  force  the  owners  of  idle  mines  to  either  work  their 
own  mines  or  give  some  one  else  the  right  to  search  for  mineral,  vith 
reasonable  protection  covering  the  enjoyment  of  such  deposits  as  tbey 
may  find.  It  is  extremely  disconcertii^  to  spend  money  in  the  de- 
velopment of  a  property  and  ultimately  discover  that  the  vein  has  its 
highest  point  under  the  surface  of  another,  with  the  result  that  the  apei 
owner  seizes  all. 

In  any  event,  legislation  should  not  be  undertaken  too  hastily.  Men 
cannot  be  made  honest  by  legislation.  Nor  should  l^islators  assume 
that  all  men  are  dishonest  by  inclination.  In  cases  where  this  latter 
assumption  is  made,  the  new  freedom  will  tend  to  resemble  a  modified 
application  of  the  British  criminal  system  of  ticket  of  leave. 

2.  The  suggestion  of  the  appointment  of  officifd  inspectors  or  C(Hn- 
missioners  is  an  excellent  one.  Where  Federal  lands  are  to  be  inspected, 
it  is  rational  that  the  inspectors  should  be  Federal  officers  rather  than 
county  or  State  officers.  The  enlargement  of  the  Bureau  of  Mines,  with 
a  possible  elevation  to  the  status  of  a  Department  of  Mines,  seems  to 
me  to  be  the  best  solution. 

I  know  of  no  person  better  fitted  to  plan  the  adaptation  of  the 
Bureau  of  Mines  to  this  class  of  service  than  the  present  Director  o( 
that  Bureau. 

When  the  Congress  shall  have  solved  all  the  urgent  matters  of  trust 
regulation,  inter-oceanic  transportation  tolls  rates,  foreign  relations,  etc., 
perhapsthey  who  dominate  that  joint  legislative  body  will  see  the  wisdom 
of  authorizing  the  Director  of  the  Bureau  of  Mines  to  select  a  Com- 
mission of  practical  miners  and  mining  engineers  to  as^st  him  in  dr^tJog 
the  ideal  bill. 
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Why  the  Mining  Laws  Should  be  Revised 

Discussion  of  the  paper  of  Horace  V.  Wincheli.,  presented  at  the  New  York  meeting, 
February,  1614,  and  printed  in  BuOetin  No.  88,  April,  1914,  pp.  646  to  664. 

Hbnnen  Jennings,  Washington,  D,  C, — I  have  been  so  long  out  of 
the  couDtry  that  I  have  not  had  an  opportunity  for  getting  any  mining 
company  into  title  difficulties,  or  urging  new  laws,  or  giving  any  expert 
advice  upon  the  subject  of  the  laws  of  the  apex;  so  I  can  make  my 
statement  very  dispassionately  and  impartially. 

I  was  connected  with  mining  in  South  Africa  some  16  years,  and  thus 
bad  an  opportunity  to  become  acquainted  with  the  mining  laws  of  the 
Transvaal  under  the  Boer  government. 

I  was  greatly  impressed  with  the  main  principle  of  these  laws:  namely, 
the  conveying  of  certainty  of  title.  AH  claims  were  held  on  the  basis  of 
a  surface  area  pegged  out,  and  with  the  downward  continuance  in 
accordance  with  vertical-plane  projections  of  the  boundary  lines. 

There  were  two  classes  of  claims,  known  as  digger's  and  prospector's. 
They  were  held  under  a  leasing  system  of  payment  of  so  much  a  month, 
but  DO  limitation  was  made  as  to  time  of  holding  so  long  as  the  necessary 
payments  were  made.  The  payment  for  digger's  license  was  larger 
than  for  the  prospector's,  the  higher  price  being  for  ground  that  was 
under  exploitation.  One  person  could  peg  off  but  a  limited  area;  but 
there  were  no  laws  preventing  amalgamation  of  claims,  which  was  done 
on  a  big  scale;  but  greedy  and  speculative  holding  of  claims  was  minim- 
ized by  the  constant  necessity  of  paying  licenses  for  all  claims  held, 
whether  worked  or  not. 

It  is  true  that  in  this  way  most  of  the  claims  got  into  the  hands  of 
strong  corporations,  but  it  is  also  true  that  the  original  locators  had  a 
good  chance  to  sell  at  a  good  price,  and  the  nature  of  the  deposit  was 
such  that  it  required  a  great  capital  outlay  to  profitably  equip  and  work 
a  mine. 

From  what  I  have  heard  and  read,  it  would  appear  that  the  law 
of  the  apex  was  framed  to  a  large  extent  by  the  prospectors  of  Cali- 
fornia and  Nevada,  who  no  doubt  believed  it  was  a  system  that  was 
advantageous  to  themselves. 

Now,  has  this  really  been  the  case?  How  many  of  the  prospectors 
who  p^ged  out  the  ground  have  worked  their  claims  to  a  finish,  and 
benefited  by  the  extra-lateral  rights  given  under  this  law?  Have  not 
litigation  and  uncertainty  of  title  been  detrimental  features  in  selling  out 
to  capitalists?  Have  the  capitalists  benefited  as  a  whole  by  these  rights 
when  the  many  and  costly  lawsuits  are  taken  into  consideration? 

I  want  to  know  abo,  whether  the  public  has  benefited  by  this  law, 
and  what  has  been  its  influence  upon  morality  in  mining.    Ha&jt  not, 
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had  the  tendency  to  lower  the  moral  tone,  by  making  secrecy  almost  a 
necessity,  and  to  tempt  the  honest  man  to  make  location  on  a  very 
flimsy  b^is  in  order  to  guard  against  blackmail? 

Who,  then,  has  it  helped?  Possibly  a  few  professional  mining  ex 
perts  may  have  obtained  remunerative  employment,  but  the  best  of  them 
have  at  the  same  time  decried  the  law.  I  believe  it  has  benefited  the 
blackmailer  and  the  faker;  and  the  lawyer  has  not  lost  by  it. 

In  Europe  an  American  mine  that  has  not  gone  through  the  fiery 
furnace  of  a  lawsuit  is  considered  a  risky  possesaion. 

Thus  it  would  seem  that  even  to  the  original  locators  and  first  holders, 
the  law  has  been  something  of  a  boomerang. 

Sidney  J.  Jennings,  New  York,  N.  Y. — There  is  one  point  I  would 
like  to  bring  out.  We  have  heard  a  great  deal  about  apex.  We  have 
not  heard  so  much  about  the  definition  as  to  what  is  a  vein,  and  that  is 
a  point  with  which  I  have  had  some  considerable  experience  in  my 
work  in  the  United  States. 

You  would  think  that  a  definition  of  a  vein  was  a  reasonably  easy 
thing,  but  in  a  case  in  which  I  was  interested,  not  as  a  witness  nor  as 
an  expert,  but  simply  as  a  worker  of  the  property  after  it  had  been 
acquired  by  a  favorable  deciuon,  this  matter  was  up. 

A  fissure  was  found  on  the  surface  carrying  mineral  in  payable 
quantities.  It  was  followed  down,  and  at  a  certain  horizon  ore  was 
found  to  make  on  a  bed  of  limestone.  The  location  of  the  fissure  on  the 
surface  was  held  by  one  individual,  and  the  location  of  the  apex  of  the 
favorable  bed  of  limestone  was  held  by  another  individual.  Then  the 
question  was,  which  was  the  vein,  the  limestone  bed,  or  the  fissure  where 
the  ore  was  originally  discovered  and  followed  down?  This  was  fought 
for  many  years,  and  the  decision  of  the  Supreme  Court  was  made  to  the 
effect  that  the  limestone  was  the  vein,  as  it  was  the  place  where  large 
bodies  of  ore  were  always  found.  There  were  numerous  fissures  going 
through  this  bed  of  limestone,  and  wherever  those  fissures  got  into  the 
limestone  large  payable  bodies  of  ore  were  found,  consequently  the  hme- 
stone  and  not  the  fissures  was  the  apex.  That  strikes  me  as  ingenious, 
but  it  is  difficult  to  predicate  how  far  some  other  ingenious  theory  maj' 
carry  another  individual  in  upholding  what  he  supposes  to  be  his  nght 
under  the  extra-lateral  theory. 

I  am  of  the  opinion  that,  as  Dr.  Raymond  said,  it  is  wise  to  con- 
centrate your  opposition  on  one  point.  If  you  have  a  concerted  attack 
on  one  point  it  is  not  apt  to  be  overthrown,  whereas  if  you  have  a 
scattering  attack  against  various  wroi^s,  you  cannot  make  as  big  an 
impression.  But  there  are  so  many  points  which,  while  not  as  objec- 
tionable as  the  apex  right,  are  as  well  worthy  of  being  changed,  that  I 
would  be  inclined  to  include  in  our  opposition  one  or  two  other  features 
mentioned  by  Mr.  Winchell  in  his  paper,  rather  than  restrict  ourselves 
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surface,  everybody  knows  it.  But  as  it  is  to-day,  there  is  trouble, 
doubt,  question  about  it;  questions  of  uncertainty,  hesitation,  and  the 
consequent  lack  of  development.  We  all  know  that  something  is  the 
matter  with  prospecting.  We  all  know  that  mines  will  not  live  forever. 
We  know  we  are  exhausting  our  mines  at  a  tremendous  rate.  The 
United  States,  with  a  population  of  6  per  cent,  of  the  people  of  the  globe, 
occupying  6  per  cent,  of  the  land  area,  produces  30  per  cent,  of  its  min- 
erals. Now  we  cannot  keep  that  up  unless  we  continue  to  find  mines, 
and  we  cannot  Snd  mines  unless  mining  titles  are  made  secure. 

JA.HES  KiRKPATRiCK,*  DiUon,  Mont.  (communication  to  the  Secre- 
taryf), — -Many  people  will  be  glad  to  see  better  laws  enacted  and  will  hope 
for  speedy  results.  That  the  prospector  is  an  important  individual  and 
that  he  naturally  has  much  to  contend  against  goes  without  saying.  In 
his  discoveries  he  should  be  safeguarded  to  the  utmost  from  the  rapacity 
and  greed  of  those  who  are  ever  ready  and  watchful  to  take  advantage 
of  his  omissions  or  neglect.  The  ordinary  requirements  of  mining  law 
seem  sufficiently  burdensome  to  his  pioneering  spirit  and  he  is  usually 
unable  and  unwilling  to  fight  a  legal  duel  against  heavy  odds.  The  result 
is  too  apparent  for  comment. 

It  is  probable  that  half  or  more  of  the  present  unpatented  mining 
claims  in  this  State  are  subject  to  re-location  because  of  inaccuracy  of 
measurement  in  their  boundary  lines.  The  average  prospector  is  under 
the  impression  that,  should  his  boundary  hnes  extend  beyond  le^jJ  allow- 
ance, he  runs  no  risk  but  will  have  the  privilege,  if  necessary,  of  diminish- 
ing them;  but  the  court  has  held  in  at  least  two  instances  (Hauswirth  vs. 
Butcher,  Montana  Reports,  Vol.  4,  p.  299;  and  Leveridge  us.  Hennessry, 
Pacific  Reporter,  Nov.,  1913,  p.  907,  that  more  than  a  shght  over- 
measurement  of  boundary  lines  voids  the  location.  Thus,  if  the 
locator  of  a  Montana  lode  claim,  through  inability  or  ignorance,  fails 
in  accuracy  of  measurement,  his  claim,  regardless  of  time  or  money  ct- 
pended,  is  exposed  to  the  cupidity  of  any  shark.  It  has  come  to  he 
common  practice  for  the  big  fish  thus  to  gobble  up  the  little  ones.  Justice 
as  well  as  regard  for  the  welfare  of  the  mining  industry  of  this  State 
dictates  that,  in  case  of  excess,  the  locator  should  still  be  protected  in  the 
amount  of  ground  contemplated  by  the  mineral-land  laws. 

Claims  are  frequently  located  in  difficult,  even  almost  inaccessible, 
places  where,  without  assistance  or  facilities  for  measurement,  the  locator 
is  obliged  to  approximate  his  directions  and  distances  and,  even  in  favor- 
able localities,  cannot  always  procure  a  rope,  or  afford  to  employ  a 
surveyor. 

It  is  to  be  hoped  that  the  mining  societies,  congresses,  and  committees 
will  succeed  in  impressing  upon  the  Congress  of  the  United  States  the 
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necessity  and  importance  of  at  once  revising  our  moss-grown  mining  laws. 
The  results  of  the  efforts  will  certainly  be  watched  with  great  interest 
throughout  the  West. 

E.  B.  Howell,*  Butte,  Mont.  (communieatioQ  to  theSecretaryf)- — 
I  do  not  believe  in  the  extra-lateral  rights  doctrine  any  more  then  do 
mining  engineers  generally,  but  prospectors  usually  do,  and  if  you  try 
to  effect  too  revolutionary  changes  in  this  respect  you  are  sure  to  fail, 

I  would  make  the  following  suggestions: 

1.  Abolish  the  distinction  between  quartz  and  placer  claims  by 
making  the  government  price  for  each  $5  per  acre.  This  will  terminate 
the  present  "known  lode"  infirmity  of  placer  titles.  Any  mineral  land 
that  is  worth  locating  at  all  is  worth  $5  per  acre.  The  price  of  land,  paid 
to  the  government,  is  a  mere  bagatelle  in  the  cost  of  mining,  anyway. 
There  was  never  any  good  reason  for  making  placer  land  only  one-half 
as  much  as  lode  claims  and  to  make  the  price  uniform  will  result  in 
simplification  of  mining  law. 

2.  Make  all  claims  600  by  1,500  ft.  in  maximum  dimensions  and  make 
no  limitations  as  to  how  the  claim  must  lie  with  reference  to  the  apex 
of  the  vein,  and  restrict  mining  operations  to  the  vertical  planes  of  the 
boundaries.  In  other  words,  if  a  prospector  is  sure  his  vein  pitches  south 
lie  can  lay  his  claim  so  that  the  apex  will  lie  just  inside  his  northerly  side 
line.  Or  if  he  wants  to  be  sure  of  more  of  the  vein  on  the  dip  let  him  turn 
hia  claim  at  right  angles  to  the  apex,  letting  the  outcrop  be  close  to  one 
?nd  line.  In  this  way  he  can  have  nearly  1,500  ft.  horizontally  within 
ffhicb  to  pursue  his  vein. 

3.  There  should  be  uniform  provisions  as  to  the  method  of  locating, 
narking  boundaries,  and  recording  claims.  I  think  we  have  the  best 
aw  relating  to  these  topics  in  the  State  of  Montana.  The  Federal 
aw  makes  no  requirement  relative  to  the  marking,  except  that  the  claim 
nust  be  so  marked  upon  the  ground  that  its  boundaries  can  be  readily 
.raced.  The  Montana  law  specifies,  as  prima  fade  evidence  that  the 
:laim  is  so  marked,  the  placing  at  each  of  its  corners  of  some  one  of 
leveral  prescribed  forms  of  monument — for  instance,  a  post  4  by  4  in. 
n  size  and  4  ft.  6  in.  long,  set  one  foot  in  ground,  with  mound,  etc.  A 
)ost  firmly  set  with  a  mound  of  rock  about  it  makes  the  best  corner;  but 
t  should  be  remembered  that  in  some  mining  districts  of  the  West  it 
vould  be  very  difficult  for  a  prospector  to  secure  posts.  Hence,  alterna- 
ive  methods  of  marking  should  be  provided.  Where  posts  of  a  smaller 
ize  than  those  prescribed  in  Montana  are  used,  it  becomes  a  question  for 
he  jury  as  to  whether  the  claim  is  so  marked  upon  the  ground  that  its 
loundaries  can  be  readily  traced,  but  the  locator  does  not  necessarily 
ose  his  claim. 

•  NoD-member.  t  Beceived  Feb.  10,  I9I4. 
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4.  I  would  abolish  the  present  method  of  locating  quarter-sections  ol 
placer  land  by  associations  of  individuals.  That  is  unnecessary  foi 
legitimate  placer  mining  operations.  My  observation  has  been  that  sue! 
locations  are  made  by  seven-eighths  dummy  locators  and  one^ightt 
land  grabbers.  If  placer  claims  are  600  by  1,500  ft.  in  size  they  can  bt 
laid  along  the  channel  of  the  stream— which  is  quite  necessary  for  placei 
operations. 

5.  There  ought  to  be  something  done  to  prevent  corporations  fron 
going  into  new  districts  and  locating  all  the  land  solidly  with  cloiim 
having  common  end  and  side  lines.  I  have  known  of  this  being  done  k 
some  instances.  It  is  a  perversion  of  the  spirit  of  the  mining  law,  wbict 
might  be  prevented  by  prescribing  that  no  locator  shall,  either  by  him- 
self or  through  the  agency  of  any  other  person,  locate  more  than,  say. 
two  claims  within  a  radius  of  one  mile  of  his  primary  discovery. 

I  think  that  these  suggestions,  if  followed,  will  result  in  a  simplification 
of  the  law  without  any  revolutionary  changes.  In  some  repsects  it  would 
resemble  the  present  law  in  the  Philippine  Islands. 


The  Initiation  of  Title  to  Mineral  Lands 

Discussion  of  the  paper  of  Albert  Burch,  presented  at  the  New  York  meeting. 
February,  1914,  aad  printed  in  thia  (June,  I9I4)  BuUelin,  pp.  1165  to  1168 

M.  K.  RoDGERS,  Santa  Monica,  Cal.— I  would  like  to  call  attention 
to  a  very  important  thing  in  this  paper,  and  that  is  the  survey  of  the  claim 
being  made  immediately  after  location,  or  as  soon  as  the  prospector  cam 
to  do  it.  In  British  Columbia  that  is  permissible,  and  it  is  allowed  as  od( 
year's  assessment  work. 

George  A.  Packard,  Boston,  Mass. — Speaking  of  a  survey,  I  wan( 
to  refer  to  the  change  in  the  manner  in  which  prospectors  and  locators 
are  doing  work  on  their  claims.  Two  months  ago  I  went  to  Montana  tc 
look  over  claims  for  which  patent  was  asked  two  years  ago;  and  then 
were  two  discovery  holes,  about  50  ft.  apart.  One  of  those  claims  hat 
been  passed  for  patent  by  the  Interior  Department,  and  the  other  had  not 

I  will  admit  that  in  one  claim  there  was  good  quartz-bearing  ore,  anr 
in  the  other  only  some  stringers;  but  at  the  same  time  there  was  a  mininf 
claim  within  2  miles  which  had  produced  $20,000,000  according  to  i 
record  I  had  seen.  One  of  these  claims  had  been  turned  down  for  patent 
ing  as  "non-mineral  land."  It  had  been  relocated  and  the  owner  wa 
driving  a  useless  cross-cut  tunnel  in  an  endeavor  to  find  some  quarU  o 
copper  to  satisfy  persons  sent  out  by  the  Department  to  make  th 
examination. 

There  were  some  eight  claims,  so  located  that  a  tunnel  on  one  of  th 
veins,  with  cross-cuts,  would  have  developed  all  very  advantageouslj 
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iscuaaioD  of  the  paper  of  Geohoe  Otis  Smith,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  this  (June,  1614)  BiiiUUn,  pp.  1160  to  1 172 

Eugene  Costb,  Toronto,  Canada. — I  am  interested  in  what  Dr. 
mith  has  aaid,  and  in  the  fact  that  you  are  working  earnestly  in  the 
nited  States  toward  a  good  oil-land  law,  which  is  certainly  very  much 
^ded.  Nothing  could  foster  the  oil  industry  in  those  parts  controlled 
f  the  Federal  government  more  than  a  good  law.  ,-.  , 
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I  would  like  to  make  oae  or  two  objections,  if  I  may  call  them  * 
to  Dr.  Smith's  statements.  He  is,  I  think,  in  favor  of  making  a  to 
complicated  law.  I  would  prefer  a  simple  law,  rather  than  one  that 
complicated,  even  though  It  is  not  so  good.  The  fact  of  its  eimplidl 
makes  up  for  its  imperfections.  I  do  not  see  the  use  or  neces«ty  of  fir 
issuing  a  permit  to  prospect  oil  lands  and  then  afterward  a  lease.  Yc 
cannot  explore  oil  land,  except  in  the  one  way,  by  drilling  wells,  and  tber 
fore  I  think  it  would  be  better  for  everybody  concerned  if  the  law  wei 
such  that  an  applicant  could  get  his  final  lease  promptly  without  goii 
through  the  form  of  getting  a  permit  first,  the  lease  for  which  land  mi 
not  be  issued  later.  You  cannot  expect  any  one  to  spend  much  moot 
on  simply  a  prospecting  permit,  his  title  not  being  sufficiently  secure 

I  will  cite  an  instance  of  that.  In  Canada  we  have  regulation 
not  law  r^ulating  Federal  land,  but  Orders  in  Council;  that  is,  the  goven 
ment  makes  certain  regulations,  called  in  this  case  "Petroleum  Regi 
lations."  Up  to  a  short  time  ago  an  applicant  could  tender  S5,  and! 
could  hold  up  1,920  acres  of  land  for  one  month.  Durii^  that  moni 
he  had  to  pay  25c.  an  acre,  and  then  he  would  get  hb  lease.  A  lot ' 
speculators  took  advantage  of  that  provision,  and  paid  $5,  never  inteii< 
ing  to  pay  the  25c.  an  acre,  just  to  have  a  sort  of  a  title  for  one.moDt 
and  they  would  hold  up  the  bona  fide  oil  men  who  wanted  to  get  the  lai 
for  drilling.  Thousands  upon  thousands  of  acres  were  plastered 
that  way. 

The  Interior  Department  got  into  such  a  tangle  that  they  final 
saw  the  point  which  I  had  brought  to  their  attention  vainly  years  befon 
and  they  now  have  changed  the  regulations;  now  you  must  pi 
25c.  an  acre  at  the  time  you  make  your  application  for  the  land,  ai 
this  payment  insures  one  an  absolute  title  for  21  years,  and  is  renewab 
for  another  21  years,  provided,  of  course,  one  meets  the  other  obligatio: 
of  the  lease.  There  is  no  doubt  that  this  new  regulation,  which  iusur 
one  a  good  title  lease  right  in  the  start,  and  which  will  prevent  the  spec 
lator  from  coming  in  and  holding  up  oil  lands,  will  be  much  to  the  bene 
of  the  bona  fide  operator  who  intends  to  spend  thousands  of  dollars  c 
his  lease.  Alt  he  wants  is  to  get  a  simple  but  safe  title,  with  no  pi 
vision-j  left  to  the  administrative  officers  to  decide  whether  he  will  be  p* 
mitted  to  go  on  after  spending  much  time  and  money.  Law  is  made  1 
Congress  here,  and  I  should  have  no  such  matters  left  to  the  discreti 
of  departmental  or  governmental  officers;  and  anything  that  arises 
the  way  of  dispute  should  be  settled  by  judges  in  the  courts. 

While  this  is  true,  the  law  should  incorporate  all  the  safegnai 
possible.  And  whether  there  should  be  a  royalty  or  a  rent  paid,  it  matt" 
not.  It  works  well  both  ways,  and  makes  very  little  difference.  B 
there  should  be  a  strong  condition  of  drilling,  so  that  there  would  be 
mere  speculation.    In  Canada  the  government  remits  the  second  a 
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third  years'  rentala,  whicli  are  50c.  an  acre,  on  proof  that  more  money  than 
the  rentals  due  has  been  spent  in  drilling.  There  is  no  royalty;  oa  the 
contrary,  the  government  is  offering  a  bounty.  The  remittance  of  the 
second  and  third  years'  rentala,  if  you  can  show  that  your  expenditures 
have  at  least  equaled  these  rentals  in  the  work  of  actual  drilling,  is  a 
good  provision,  as  it  lets  you  put  your  money  into  wells,  which  are,  of 
course,  the  ultimate  source  of  all  wealth  in  oil  fields.  Besides  there  is 
a  compulsory  provision  in  the  leases  that  you  must  be  drilling  a  well  on 
every  three  sections  after  15  months  from  the  date  of  the  lease. 

David  T.  Day,  Washington,  D,  C. — I  want  to  ask  one  question  of 
Mr.  Coste.  In  this  country  we  are  becoming  embarrassed  by  the 
foreign  ownership  of  American  oil  lands,  and  it  is  generally  understood 
that  some  protection  is  being  arrai^ed  in  the  disposal  of  Canadian  land 
by  regulation  or  by  law.     I  would  like  to  hear  somet)iing  on  that  point. 

Edqene  Coste. — The  changes  made  in  that  respect  are  so  recent 
that  I  am  not  quite  certain  of  their  purport.  But  I  think  the  only 
change  that  has  been  made  lately  is  that  there  are  provisions  that  the 
Board  of  Directors  of  a  company  acquiring  oil  lands  from  the  government 
should  have  a  majority  of  their  members  residing  in  Canada,  and  a  few 
matters  of  that  kind.  In  the  recent  regulations  the  majority  of  the 
Board  of  Directors  must  even  be  Canadians  or  Englishmen.  A  similar 
provbion  was  already  in  the  laws  of  the  Province  of  Ontario.  While 
I  am  speaking  about  oil  laws  and  mining  laws  I  might  remark  that  in 
Canada  we  are  in  about  the  same  fix  as  you  are  here  in  regard  to  our 
mining  laws.  That  is,  I  mean  the  Federal  laws.  We  have  had  good  laws 
in  the  Province  of  Ontario  and  the  older  Provinces,  but  in  Saskatchewan, 
Alberta,.  Manitoba,  and  the  Northwestern  Provinces,  which  are  still 
under  Federal  law,  we  have  as  yet  no  mining  law,  and  we  have  only 
r^ulations  by  Order  in  Council.  That  has  been  most  detrimental  to 
the  industry,  and  very  hard  on  mining  men,  as  these  regulations  are 
made  by  a  clerk  in  the  office  of  the  Department  of  the  Interior  who 
knows  nothing  about  mining  and  are  then  passed  on  through  the 
Minister  of  the  Interior  to  the  Council,  and  the  result  is  that  you  have 
something  that  is  absolutely  ludicrous  just  like  the  provision  mentioned 
above  where  by  paying  $5  one  could  get  1,920  acres  of  land  from  the 
government,  and  hold  it  for  a  month,  and  after  that  month  lapses  he 
could  pay  another  $5  and  hold  another  1,920  acres  for  another  month. 
Then  five  or  ten  people  could  get  together  and  bold  these  lands  from 
month  to  month  simply  by  paying  $5  a  mouth  for  each  1,920  acres. 
Some  definite,  clear  and  simple  title  lease  for  the  bona  fide  applicant  who 
really  wants  to  go  to  work,  at  so  much  an  acre,  with  drillii^  provisions, 
is  all  that  is  wanted.  But  for  these  operators  the  title  should  be  ab- 
solute, without  any  possibility  of  impeachment.  If  I  had  my  way  the 
leases  issued  would  be  only  a  half  page  in  length,  giving  the  applicant 
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title,  absolute  title,  and  requiring  from  him  ao  much  rental  per  acre 
and  so  much  work  in  drilling,  and  that  is  all. 

Hennen  Jennings,  Washington,  D.  C. — I  think  Mr.  Smith  was  with 
us  yesterday  when  we  discussed  mining  laws,  and  the  coofusion  and  un- 
certainty that  have  arisen  in  connection  with  the  laws  of  the  apex.  I 
think  unintentionally  he  is  putting  elements  of  uncertainty  in  these 
suggestions  which  may  develop  troubles  akin  to  those  which  were 
discussed  yesterday. 

I  am  entirely  sympathetic  with  a  lease  that  is  in  the  nature  of  a 
practical  ownership,  that  people  can  rely  upon.  But  I  do  not  believe 
in  backing  and  filling  or  giving  the  government  any  power  to  back  and 
fill  in  dealing  with  people  who  start  to  develop  a  large  enterprise.  You 
should  make  up  your  mind  as  to  what  the  government  ia  willing  to  do 
at  the  start  in  a  given  locality;  and  if  you  want  a  lease  system,  make  it 
fixed  and  determined,  and  not  leave  it  to  the  discretion  and  periodic 
adjustment  of  officials;  it  was  shown  yesterday  in  our  discussion,  that 
even  with  honesty  of  purpose  and  ability  the  scientific  opinions  of  men 
vary  as  knowlet^e  increases  and  facts  accumulate. 

I  entirely  agree  with  the  fundamental  aim  set  forth  by  Mr .  Smith, 
that  the  consumer  should  obtain  the  oil  at  a  minimum  price,  but  with 
minimum  waste. 

The  gentleman  who  has  just  spoken  [Dr.  Coste)  of  the  Canadian 
practice  seems  to  be  perfectly  sound  in  his  recommendations,  and 
they  are  in  accordance  with  the  practice  which  I  have  been  accustomed 
to  see  work  most  satisfactorily  on  a  large  scale  in  South  Africa.  The 
leasing  system  of  the  gold  mines  in  South  Africa  is  a  definite  thing 
You  know  your  rights  and  risks  from  the  start  and  your  lease  is  negoti- 
able. You  are  prevented  from  tying  up  land  for  speculative  purposes 
by  a  definite  fixed  monthly  charge  per  claim  area.  The  area  under 
exploitation  pays  a  higher  license  than  the  ground  unworked,  but  this 
has  a  lease  tax  that  makes  it  a  burden  and  detriment  to  hold  unless 
provision  is  being  made  for  its  early  exploitation.  Why  is  not  a  similar 
system  possible  and  desirable  in  petroleum  leases?  Make  the  area 
of  holding  generous,  but  with  constant  fixed,  unalterable  term  payments 
for  all  ground  held,  whether  worked  or  not,  and  with  a  definite  hut  not 
excessive  royalty  per  barrel  for  all  oil  extracted.  The  royalty  might 
vary  for  each  district,  but  when  once  fixed  it  should  not  be  changed. 

I  will  not  go  further  into  detail,  but  I  will  ask  Mr,  Smith  to  con^der 
the  possibility  of  amending  lus  suggestions  to  meet  some  of  the  views 
which  have  been  expressed. 

George  Otis  Smith. — With  regard  to  the  suggestion  by  Dr.  Coste 
and  also  the  suggestion  from  Mr.  Jennings,  I  ^ree  that  we  should  have 
a  simple  law  which  should  lead  to  a  simplified  contract.  I  have  sug- 
gested a  law  that  in  certain  terms  might  vary  with  different  conditions. 

,  ,.G(.xwlc 


MINING   LAW   REVISION  1361 

I  have  aot  suggested  a  contract  which  would  vary  after  the  contract  was 
entered  into;  except  that  I  have  suggested  a  sliding  scale  of  royalty  in 
order  to  protect,  not  the  government  but  the  operator. 

It  would  be  a  sliding  downward  scale,  in  order  to  continue  operation 
under  more  favorable  circumstances,  rather  than  to  force  the  stoppage 
of  oil  production  because  it  would  not  pay  the  coat  of  production  plus 
the  royalty,  as  fixed  in  the  contract.  I  do  not  believe  there  is  any 
suggestion  made  in  Washington  to  have  anything  less  definite  than  the 
ordinary  contract  which  is  made  in  business. 

I  absolutely  agree  with  Mr.  Jennings.  I  said  in  my  paper  yesterday 
that  any  uncertainty  involves  an  unnecessary  expense  in  operation  and 
financing,  and  therefore  it  should  be  avoided.  The  reason  for  having 
a  permit,  and  having  it  followed  by  a  deed,  is  because  a  prospecting 
permit  should  be  for  a  larger  acreage  than  that  which  is  to  be  written 
into  a  lease. 

The  suggestion  under  consideration  by  the  Secretary  of  the  Interior, 
and  by  the  Chairmen  of  the  two  Congressional  Committees,  referred  to  by 
Senator  Walsh  in  yesterday's  session,  is  to  provide  a  permit  for  an  area 
which  will  be  four  times  the  grant  to  the  successful  prospector.  In 
other  words,  if  you  take  640  acres  under  a  permit,  you  will  receive  in 
fee  simple  title  to  160  acres;  the  remaining  three-quarters  of  the  square 
mile  being  available  for  leases  under  definite  terms,  fixed  by  the 
government,  by  or  before  the  time  of  the  lease. 

Under  those  conditions  I  think  it  is  necessary  to  have  a  permit  as 
well  as  the  later  granting  of  title,  both  in  fee  simple  and  on  a  leasehold. 
I  say  so  because  it  is  more  favorable  to  the  prospector.  I  think 
that  with  the  government  as  the  lessor  it  will  work  out  better  than  with 
a  lease  from  a  private  individual. 

I  have  faith  in  the  integrity  and  th&  sincerity  of  government  officials, 
as  ordinary  American  citizens.  I  will  say  further  that  I  believe  the  oil 
men  of  California  have  as  much  confidence  in  government  officials  as 
they  have  in  some  of  the  landlords  who  have  secured  title  from  the 
government  simply  to  impose  hard  conditions  on  the  real  oil  men  who 
operate  under  leases  secured  from  oil  men  who  are  not  producing  oi) 
men. 


Mining  Law  Revision.     How  to  Obtain  It 

DiacussioD  of  the  paper  of   E.  B.  Kirby,  presented  at  the  New  York  meeting, 
February,  1914,  and  printed  in  thia  (June,  1914)  Bulletin,  pp.  1159  to  1162. 

J.  B.  Tybell,  Toronto,  Canada. — It  is  rather  an  onerous  duty  I  am 

'  asked  to  perform  here  in  telling  you  how  our  attempt  was  made  to  draft  a 

new  mining  code  for  the  Dominion  of  Canada.    The  Dominion  of  Canada 
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does  not  own  all  its  wild  land.  Moat  of  tlie  various  Provinces,  like  man] 
of  your  States,  ovra  their  public  lands,  so  that  the  Dominion  only  own 
a  certain  proportion  of  the  more  distant  vacant  land.  These  lands  an 
covered  by  the  Dominion  mining  law. 

A  few  years  ago  the  Canadian  Mining  Institute  suggested  to  th< 
Dominion  government  that  it  might  be  allowed  to  co-operate  with  tin 
government  in  the  drafting  of  a  new  mining  law  for  the  Dominion,  in  th< 
hope  that  such  a  mining  law  might  not  only  be  useful  to  the  Dominioa  o 
Canada  itself,  but  might  also  serve  as  a  model  for  the  various  Froviore 
of  Canada,  and  that  sooner  or  later  the  Provinces  would  pass  laws  whici 
would  closely  approximate  this  model  law  which  we  were  to  draw  up. 

The  Dominion  government  threw  the  responsibility  back  on  tb 
Canadian  Mining  Institute  and  said  to  it:  "You  draw  up  the  Act,  and  i 
possible  we  will  pass  it  for  you."  That  was  under  a  government  whid 
two  years  ago  went  out  of  power,  and  since  the  new  government  has  com 
into  power,  while  it  has  considered  our  draft  sympathetically,  it  has  no 
passed  it  into  law. 

We  hope  it  will  take  that  draft  into  consideration  during  this  year  an' 
enact  it  into  law,  because  it  embodies,  as  closely  as  we  can  determine,  th 
kind  of  law  which  we  think  would  be  beat  for  Canada. 

Now,  the  constitution  of  the  committee  that  was  appointed  to  draft  thi 
law  was  about  as  follows:  We  chose  three  or  four  of  those  actual  minis 
members  of  the  Canadian  Mining  Institute  whom  we  thought  had  mot 
experience  and  were  most  competent  to  express  opinions  on  what  a  mii 
ing  law  should  be.  We  also  added  a  couple  of  lawyers  to  the  conmiittei 
who  were  to  furnish  the  legal  assistance  in  doing  the  work  and  in  puttii 
the  drafts  into  proper  legal  form.  It  was  not  their  duty,  nor  did  the 
assume,  to  dictate  what  that  law  should  be,  but  they  were  to  assist  us  1 
framing  the  law;  so  that  it  would  be  a  law  which  would  be  considered  : 
being  properly  drawn  by  the  courts. 

I  am  not  going  to  give  you  any  synopsis  of  that  draft.  It  is  still 
draft,  though  we  hope  to  have  it  ejiacted  into  law  this  year.  Whethi 
it  will  be  or  not,  I  do  not  know.  But  what  I  have  said  may  give  yo 
aome  idea  of  the  way  in  which  we  undertook  the  preparation  <^  it.  ^^ 
have  endeavored  to  draw  up  a  mining  law  for  the  Dominion  of  Canad 
covering  the  Federal  lands,  which  we  hope  will  serve  as  a  model,  and  I 
copied  by  the  Provinces  as  soon  as  possible,  so  that  we  will  have  fair 
harmonious  mining  laws  throughout  the  entire  Dominion. 

In  Canada,  we  do  not  sympathize  with  the  apex  law,  which  as  I  unde 
stand  it,  if  I  understand  it  aright,  was  a  product  of  an  erroneous  interpi 
tation  of  Cordilleran  geology.  Leaving  out  the  ore-bodies  in  the  Rod 
mountains  and  considering  only  those  occurring  in  the  Pre-Cambrij 
and  other  great  formations  throughout  the  eastern  portion  of  the  counti 
I  do  not  think  that  the  apex  law  would  have  suggested  itself  to  anybod 
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Horace  V.  Winchell,  Minneapolis,  Minn. — I  wish  to  call  attention 
to  Senate  File  No.  4373.  Feb.  5,  1914,  Mr.  Smoot  introduced  the  follow- 
ing bill  [not  included  in  this  report],  which  was  read  twice  and  referred  to 
Committee.  Now,  in  connection  with  thebill,  I  would  say  that  it  has  been 
su^eated  that  this  Commission  shall  consist  of  three  members,  all  of 
whom  shall  be  lawyers,  experienced  in  the  practice  of  mining  law.  And 
there  is  a  provision  regarding  a  third  party,  constituting  a  member  of  the 
Geological  Survey,  that  is  eliminated.  And  the  provision  that  said 
code  shall  not  deal  with  coal  and  other  minerals  has  been  crossed  out. 
The  Commission  may  hold  hearings,  instead  of  being  compelled  to,  as  in 
the  original  law.  Will  Senator  Walsh  advise  us  as  to  the  interpretation 
of  this  amendment,  and  others  which  he  may  have  in  mind  at  this  time? 
Senator  Thomas  J,  Walsh,  Helena,  Mont. — The  exactions  incident 
to  my  official  duties  have  been  so  continuous  in  character  as  to  deny  to  me 
any  opportunity  for  reflection  concerning  any  subject  that  might  be  of 
special  interest  to  this  assemblage  and  in  respect  to  the  discussion  of  which 
my  views  ripened  by  study  could  be  regarded  as  a  contribution.  I  shall, 
in  this  situation,  content  myself  with  presenting  a  brief  review  of  legislation 
now  pendii^  in  Congress,  which  from  its  nature  will  evoke  the  attention 
of  the  members  of  the  American  Institute  of  Mining  Engineers  and  the 
men  with  whom  they  come  into  contact  professionally. 

The  Committe  on  Mines  and  Mining  of  either  House  of  Congress  has 
not  heretofore  been  regarded  as  much  more  than  one  of  the  numerouspaper 
committees,  created  and  preserved  chiefly  to  afford  to  the  Representative 
designated  as  its  Chwrman,  a  needed  clerk.  It  bids  fair  at  present,  how- 
ever, more  because  of  the  important  legislation  affecting  the  mining  in- 
dustry that  crowds  upon  the  attention  of  Congress  than  by  reason  of  the 
personnel  of  its  membership,  to  be  transformed  from  a  more  or  less  mori- 
bund organization  to  an  active  legislative  force,  The  haste  in  which  this 
r4sumi  is  necessarily  prepared  impels  me  to  confine  my  remarks  to  meas- 
ures that  have  been  referred  or  which  it  is  expected  will  be  referred  to 
the  Senate  Committee. 

The  Revision  Commission  Bill. — It  has  had  under  consideration  a  bill 
introduced  by  Senator  Smoot,  for  the  creation  of,a  Commission,  charged 
with  the  duty  of  revising  and  codifying  the  laws  in  relation  to  the  appro- 
priation and  occupation  of  mineral  lands  of  all  kinds,  a  subject  which,  as 
I  am  advised,  has  had  repeated  consideration  by  this  body.  As  the  bill 
came  to  the  Committee  the  Commission  was  to  consist  of  three  members, 
one  of  whom  should  be  a  lawyer  of  experience  in  the  practice  of  mining 
law;  one  a  mining  operator,  and  one  an  officer  of  the  Geological  Survey. 
Being  referred  to  the  Department  for  an  expression  of  its  views,  it  was 
proposed  that  the  membership  be  increased  to  five,  giving  the  Bureau 
of  Mines  a  representative  and  an  additional  representative  to  the  opera- 
tors.     It  was,  however,  urged  before  the  Committee  that  as  the  work 
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devolving  on  the  Commission  is  the  preparation  of  a  draft  of  a  code  of 
laws,  that  in  the  past  have  given  rise  to  interminable  litigation  and  th&t 
are  likely  to  be  a  fruitful  source  of  perplexity  to  the  courts  for  years  to 
come,  it  ought  to  be  entrusted  exclusively  to  lawyers  of  eminence  and 
character,  conversant  with  the  troubles  that  have  been  encountered  io 
the  past,  and  moat  competent  from  this  experience  and  learning  to  devise 
a  system  under  which  unnecessary  controversies  may  be  avoided  in  tbe 
future.  While  the  suggestion  might  appear  to  have  originated  in  a 
desire  upon  the  part  of  the  members  to  t^e  care  of  their  brothers  of  the 
law,  a  little  reflection  will  exhibit  much  merit  in  it.  It  was  advanced 
that  the  Commission  being  authorized  to  hold  public  hearings  throt^b- 
out  the  mining  regions  affected,  and  elsewhere,  at  will,  it  would  unques- 
tionably invite  an  expression  of  views  from  operators,  ei^^eers  and 
prospectors,  from  representatives  of  the  Geological  Survey  and  the  Bureau 
of  Mines.  The  bill  contemplates  that  a  report  shall  be  made  before  Jan. 
1,  1916,  and  provides  that  each  member  of  tbe  Commiseion  shall  be  pud 
a  salary  of  S500  per  month  for  the  time  actually  devoted  to  the  woii. 
[t  is  now  over  40  years  since  our  system  of  laws  in  relation  to  the  disposi- 
tion of  mining  lands  was  devised.  Generally  speaking,  it  has  met  the 
conditions  in  a  most  satisfactory  way,  excepting  always  the  part  dealing 
with  the  disposition  of  lands  containing  coal.  That  part  of  the  law  never 
would  have  been  operative  at  all  had  not  the  practice  now  condemned  as 
criminal  been  pursued.  As  the  appropriation  of  coal  lands  has  all  but 
ceased  in  consequence  of  the  failure  of  the  law  to  recognize  that  an  entry 
of  320  acres  will  not  justify  the  expenditure  necessary  to  the  mining  of 
coal  on  a  commercial  basis,  a  revision  in  respect  to  lands  valuable  for 
coal  is  imperative.  Aside  from  that  feature,  however,  the  conviction  is 
quite  general  that  the  extra-lateral  right  gives  rise  to  complications  so 
numerous  and  serious,  it  is  such  a  prolific  breeder  of  litigation,  not  infre- 
quently characterized  by  imposition  and  perjury,  that  it  ought  to  be 
abandoned.  The  idea  in  which  it  had  its  origin — a  just  purpose  to  stimu- 
late the  prospector  by  assuring  to  him  the  vein  discovered  through  his 
sagacity  and  his  self-denial — was  most  commendable.  But  in  practice 
it  often  served  to  deprive  the  enterprising  miner  of  the  legitimate  fruit 
of  his  toil  and  his  expenditures.  Every  lawyer  of  experience  is  familial 
with  instanccF  in  which  ore  bodies  of  great  value  have  been  uncovered 
by  expensive  development  made  by  the  owners  of  the  claims  in  whict 
they  are  found,  and  who  have  been  obliged  to  yield  them  up  upon  the 
claim  of  an  apex  in  adjacent  territories,  the  owners  of  which  had  n( 
suspicion  of  their  existence  and  who  never  exhibited  enterprise  enough  U 
find  them. 

It  will  be  found  profitable  to  compare  the  working  of  the  system  U 
which  we  have  become  attached,  with  those  that  have  been  develope* 
during  the  past  two  score  years  in   the  English   colonies,  the  Latin 
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tion  a  biU  wbicb  is  tbe  result  ot  repeated  cooterences  participated  m  by 
the  Secretary  of  the  Interior  and  bis  staff  and  the  Chairmen  of  the  House 
and  the  Senate  Committees  respectively  on  Public  Lands,  Territories, 
and  Mines.  It  is  a  frank  adoption  of  the  leasing  system,  to  which  none 
of  those  having  any  conspicuous  part  in  the  preparation  of  the  bill  confess 
any  attachment.  The  Congressional  members  are  all  convinced,  how- 
ever, that  the  concession  is  Bssential  to  the  necessities  of  the  case. 
They  entertain  the  view  that  to  enact  a  law  providing  in  any  terms  for 
the  disposition  in  fee  of  coal  lands  in  Alaska  would  be  in  effect  to  doom 
the  country  to  another  decade  of  inaction.  I  am  myself  of  the  opinion 
that  any  Secretary  of  the  Interior  who  should  permit  AJaska  coal  lands 
to  be  patented  under  any  kind  of  a  law  passing  the  fee  would  be  driven 
from  public  life,  and  it  would  be  good  fortune  if  he  did  not  pull  down  the 
temple  of  the  administration  of  which  he  formed  a  part  as  he  passed  out 

logic 


1366  MININa  LAW  SETIBION 

of  it.  It  is  to  be  regretted  that  a  great  public  question  such  as  this  is  can- 
not be  debated  dispa^sionably  and  without  impugning  the  motiTesof  those 
who  adhere  to  what  may  be  said  to  be  the  Western  view,  except  when  and 
in  so  far  aa  the  conditions  point  to  selfishness  in  those  upholding  it.  The 
promoters  of  the  leasing  plan  never  admit  the  possibility  of  an  honest 
difference  of  opinion  concerning  the  wisdom  of  the  departure  they  pro- 
pose. Ail  who  oppose  them  are  involved  invariably  in  the  common 
denunciation  which  is  leveled  at  the  plunderers  of  the  public  domain  and 
the  defenders  and  apologists  for  such.  There  has  been  no  deliberate 
judgment  by  the  American  people  on  this  supremely  important  question. 
They  have  been  turned  by  invective  from  the  consideration  of  it.  The 
leasing  system  was  tried  in  connection  with  the  lead  lands  of  the  Missis- 
sippi valley,  and  abandoned  after  proving  a  dismal  failure.  Probably 
the  essential  differences  in  the  conditions  under  which  it  was  tried  and 
those  now  prevailing  deprive  the  experience  we  had  under  Jt  of  anything 
like  controlling  force,  but  if  so  the  public  has  not  been  advised  aa  to  why 
the  same  troubles  are  not  in  store  for  us.  Calumniation  has  been  so  long 
the  portion  of  those  who  have  sought  to  gain  a  fair  hearing  for  the  system 
of  alienation  in  fee  that  few  remain  who  have  not  despaired  of  securii^ 
considerate  attention  to  the  merits  of  that  plan.  Anyway,  the  friends  of 
Alaska  are  without  hope  of  convincing  the  public  mind,  at  least  not 
speedily,  that  as  to  coal  deposits,  popularly  believed,  and  doubtless  with 
justice,  to  be  exceptionally  rich,  the  leasing  system  is  not  a  most  doubtful 
experiment.  The  people  of  Alaska  pray  for  any  kind  of  a  law  which  will 
permit  them  to  mine  coal.  They  have  ceased  to  debate  the  merits  of 
rival  systems.  It  must  be  confessed  that  the  plan  of  reserving  title  in  the 
government  is  growing  in  favor.  The  Western  Representatives  are  much 
more  tolerant  of  this  idea  than  they  once  were.  The  legislation  of  such 
States  as  Colorado  and  Montana  concerning  their  own  coal  lands,  for- 
bidding their  sale  but  authorizing  the  operation  of  them  under  lea.°es, 
is  appealed  to  with  embarrassing  effect.  It  is  true  that  the  policy  of  the 
State  is  primarily  to  make  as  much  money  as  it  can  out  of  its  school  lands, 
while  the  policy  of  the  Federal  government  is,  or  ought  to  be,  to  make  its 
lands  serviceable  in  the  development  of  the  sections  in  which  they  are 
situated.  But  the  State  is  not  altogether  unmindful  of  its  larger  interests 
in  the  sale  of  its  granted  lands,  and  the  policy  of  local  development  is  as 
well  subserved  under  a  leasing  system,  if  all  the  avails  are  devoted  to 
improvements  within  the  State,  instead  of  going  to  meet  the  general 
demands  upon  the  Federal  treasury.  The  Northern  Pacific  Railway  Co- 
has  the  most  vital  concern  in  the  rapid  development  of  the  territory  ad- 
jacent and  tributary  to  its  lines.  But  it  has  also  adopted  the  leasing 
system  as  to  its  coal  lands  and  declines  to  sell  such  at  any  price. 

Those  responsible  for  the  Alaska  coal-land  bill  referred  to  find  sufficient 
justification  in  the  foregoing  to  tender  a  measure  recognising  the  leasing 
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system.  Under  it  the  Secretary  of  the  Interior  ia  authorized  to  withdraw 
eight  sections  in  the  Beriiy;  River  coal  field  and  twelve  sections  in  the 
Matanuska  field  for  the  use  of  the  navy,  or  to  be  used  in  connection  with 
government  construction  work,  or  for  disposition  by  Congress  in  case  of 
oppressive  conditions  arising  from  monopoly,  it  being  contemptated  that 
the  government  might  in  the  future  deem  it  the  best  solution  of  difficulties 
which  might  arise  simitar  to  those  encountered  in  connection  with  the 
anthracite  coal  situation  in  the  East,  itself  to  supply  the  market  from  ila 
own  fields.  Leases  are  authorized  for  indeterminate  periods,  with  pro- 
visions for  readjustment  of  prices  every  20  years,  no  lease  to  be  for  more 
than  2,560  acres  to  any  person  or  corporation.  Drastic  provisions  are 
inserted  in  the  law  to  prevent  evasion  of  the  provision  limiting  the  area 
in  which  any  individual  may  be  interested.  Forfeiture  and  imprison- 
ment  are  the  result  of  conviction.  It  is  believed  the  risks  are  so  great 
that  few  will  care  to  take  the  chances  involved  in  an  effort  at  monopoly. 
The  royalty  is  fixed  by  the  lease,  but  cannot  be  less  than  2c,  per  ton, 
and  it  all  goes  toward  the  redemption  of  the  bonds  issued  for  the  con- 
struction of  railroads  in  the  territory  and  for  purposes  of  a  similar 
character  when  the  obligation  created  by  them  is  discharged.  The 
lessee  is  entitled  to  sue  the  government  on  any  cause  of  action  arising  out 
of  his  lease  in  the  courts  of  Alaska^ — so  that  any  arbitrary  or  destructive 
policy  on  the  part  of  the  Department  may  be  restrained,  and  questions 
arising  upon  the  construction  of  the  lease  may  be  determined  asthey  would 
be  between  private  parties  Jinder  like  circumstances.  To  compel  the 
operation  of  any  ground  leased,  a  rental  in  addition  to  the  royalty  is 
exacted  at  the  rate  of  25c.  per  acre  the  first  year,  50c.  an  acre  annually 
for  the  next  four  years,  and  $1  an  acre  for  each  year  thereafter.  For 
local  use  the  Secretary  is  authorized  to  issue  permits  without  any  charge 
for  the  working  of  tracts  not  to  exceed  10  atfres,  the  purpose  being  to 
permit  the  homesteader  and  miner  to  secure  coal  for  his  own  use  at  an 
adjacent  bed. 

The  Radium  Bill. — ^A  third  bill  before  the  Committee  which  has  given 
rise  to  much  discussion  appertains  to  lands  containing  radium-bearing 
ores.  These  are  mainly  pitchblende  and  carnotite.  The  former  is  often, 
perhaps  usually,  found  in  metal-bearing  veins  and  iu  association  with  the 
precious  metals  as  well  as  with  zinc  and  lead;  the  latter,  so  far  as  known, 
appears  only  in  veins  or  pockets  in  sedimenatry  rocks.  The  carnotite 
ores  are  the  chief  source  of  supply.  They  abound  in  an  area  reaching 
from  Colorado  into  Utah,  150  miles  long  and  varying  in  width  from  5  to 
25  miles.  Discoveries  have  been  reported  in  Arizona,  Montana,  Idaho, 
and  South  Dakota,  but  no  authentic  information  is  available  of  any 
workable  fields  save  those  of  Utah  and  Colorado,  The  wonderful  advance 
made  in  the  use  of  this  remarkable  agency  in  the  eradication  and  cure  of 
cancer  and  other  malignant  growths  has  directed  the  attention  of  the 
32  .-.  . 
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world  to  the  sources  of  its  supply.  The  exceptional  riches  of  our  Western 
fields  have  made  the  output  of  them  eagerly  sought  after  by  the  labora- 
tories and  reduction  works  of  Europe.  Two  great  plants  located  in  the 
State  of  Pennsylvania  are  now  treating  the  ores  and  claim  to  be  supplying 
the  trade  each  with  a  gram  a  month,  salable  at  about  $120,000.  Thus 
far  their  production  has  gone  very  largely  to  foreign  markets,  as  has 
practically  all  the  ore  not  treated  by  them.  They  own  the  claims  from 
which  their  supply  is  drawn—one  of  the  companies  having  acquired 
about  140  claims.  Another  association  has  80  odd;  a  third,  40  or  more. 
Though  the  crude  ore  which  is  the  source  of  by  far  the  greater  part  of  the 
products  of  the  works  in  Europe  comes  from  this  country,  our  surgeons 
are  forced  to  go  there  to  procure  their  supply.  Unmistakable  evidence 
is  at  hand  of  something  like  a  race  to  purchase  or  locate  every  deposit  of 
any  prominence — and  surgeons  of  eminence  who  are  intensely  interested 
in  the  success  that  has  been  achieved  in  the  use  in  therapeutics  of  this 
singular  substance,  and  the  still  more  marvelous  possibilities  that  experi- 
mentations are  constantly  revealing,  became  genuinely  alarmed  on  visit- 
ing the  region  from  which  the  ore  comes  lest  the  whole  of  it  should  speedily 
fall  into  the  hands  of  a  monopoly  which  might  maintain  the  price  of  its 
product  so  high  as  to  make  it  available  for  the  treatment  of  those  only 
who  could  afford  to  pay  anything  that  might  be  demanded.  Before 
the  American  ores  entered  the  European  market  the  chief  source  of 
supply  for  the  Continent  was  the  pitchblende  ores  of  Joachimstbai, 
but  the  Austrian  government  prohibited  the  exportation  of  any  ores  con- 
taining radium— preferring  to  preserve  the  supply  of  the  Empire  for  do- 
mestic use.  The  German  Emperor  is  making  extraordinary  exerticm  to 
procure  an  adequate  supply  for  the  hospitals  in  his  country. 

These  conditions  prompted  the  introduction  of  a  bill  which  obligates 
the  locators  of  all  claims  containing  radium-bearing  ores  to  sell  their 
products  to  the  United  States  at  the  market  price  to  be  fixed  by  the  Secre- 
tary of  the  Interior.  Development  work  or  mining  during  a  period  or  for 
periods  aggr^ating  four  months  are  required,  and  even  after  patent,  if 
the  property  is  not  worked  with  diligence,  the  Secretary  is  authorized  to 
enter  upon  the  property  and  mine  it,  paying  to  the  owner  market 
value  of  the  ore  less  the  cost  of  extraction.  Rights  to  claims  located  prior 
to  the  passage  of  the  Act  are,  of  course,  not  affected,  but  the  government 
is  given  the  preference  right  to  buy  the  output  of  all  claims  hereafter 
located.  The  Bureau  of  Mines  is  perfecting  a  process  which  it  is  claimed 
will  enable  it  to  reduce  the  ores  at  a  cost  not  to  exceed  that  now  attending 
similar  work  by  private  companies. 

Two  questions  are  of  first  importance  in  the  consideration  of  this 
measure — first,  whether  it  is  justifiable  to  impound  all  ores  produced  in 
our  territory  to  supply  the  needs  of  our  people;  and,  second,  whether  the 
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peril  of  monopoly  is  sufficiently  imminent  to  justify  the  government  in 
itself  undertaking  the  worfc  of  extraction. 

Oil  and  Gas  Bill. — Various  other  bills  related  in  character  to  those 
referred  to  will  be  considered  in  conference,  such  as  has  been  mentioned, 
and  then  introduced.  First  in  importance  is  an  oil  and  gas  bill.  The 
basic  feature  in  this  bill  is  one  which  permits  the  discoverer  to  purchase  a 
limited  portion  of  a  tract  for  the  exploration  of  which  an  exclusive  license 
is  issued  to  him,  the  remainder  then  being  leased.  It  is  proposed  to  give 
the  adventurer  the  exclusive  right  for  two  years  to  prospect  over  four 
sections,  if  they  are  distant  100  miles  from  a  producing  well,  and  over  om 
section  if  it  is  less.  Should  he  discover  oil  or  gas,  he  is  entitled  to  locate, 
in  the  one  case  640  acres,  in  the  other  160  acres,  of  the  land  included  in 
his  permit,  acquirii^  title  under  the  procedure  prescribed  in  the  ease  of 
placer  mines. 

Potassium  and  Sodium  Compounds. — The  same  principle  is  to  be  made 
applicable  to  the  disposition  of  valuable  deposits  of  chlorides,  sulphates, 
borates,  or  nitrates  of  potassium  or  sodium. 

Phosphates. — Phosphate  deposits  it  is  proposed  shall  be  leased  by 
competitive  bidding  in  tracts  not  to  exceed  320  acres.  The  royalties 
from  alt  leases  of  lands  outside  of  Alaska,  except  so  much  as  is  deemed 
necessary  to  defray  the  cost  of  administering  the  laws  (for'  this  principle 
applies  to  all  leasing  measures),  go  into  the  reclamation  fund. 

Coal. — A  general  coal-land  bill  has  been  prepared  by  the  Department 
on  the  same  lines. 

The  Committees  of  Ijoth  Houses,  the  Department,  and  the  Congress 
will  be  thankful  for  any  consideration  you  may  give  these  various  meas- 
ures and  for  any  helpful  suggestions  you  may  be  moved  to  make  concern- 
ing any  of  them. 

Horace  V.  Winchell. — Now,  gentlemen,  you  will  see  something 
ia  doing  over  in  Washington — many  things  we  do  not  know  anything 
about,  and  which  we  should  know  about.  If  we  are  in  the  mining  busi- 
ness, as  some  of  us  suppose  we  are,  these  taws  are  of  vital  import  to  our 
business,  as  well  as  to  the  welfare  of  the  country.  The  first  thing  of 
interest,  it  seems  to  me,  is  in  connection  with  this  Commission,  under 
the  resolution  introduced,  and  I  would  like  to  know  if  there  are  any 
resolutions  to  be  introduced  here  for  our  consideration  at  this  time. 

E.  B.  EiRBY. — The  number  of  members  su^ested  for  this  Commission 
by  the  American  Mining  Congress  was  five.  It  was  not  attempted  to 
specify  as  to  their  character,  except  in  private  character  the  people  who 
were  considered  the  best;  the  idea  was  to  have  the  President  appoint  a 
Commission  of  five,  and  then  it  was  expected  when  it  reached  the  Presi- 
dent there  would  be  an  opportunity  for  mining  men  and  members  of  our 
Institute,  and  the  Congress,  to  present  their  own  recommendations  as  to 
the  character  of  members  suitable  for  the  Commission.    There  was  a 
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general  fear  that  any  attempt  to  dictate  to  the  Coi^ress  or  to  th 
would  arouse  opposition.     The  original  idea  was  for  a  Commissio 

George  A.  Packard,  Boston,  Mass. — It  seems  to  me  it  v 
a  mistake  to  allow  this  bill  or  the  suggestion  as  to  this  Commissi 
read  before  this  meeting,  and  have  nothing  said  in  regard  to  thi 
tion  that  the  bill  be  amended,  and  that  the  Commission  shouli 
of  three  lawyers. 

I  think  there  should  be  some  expression  at  least  to  the  effect 
mining  communities  should  be  recognized.  It  seems  to  me  the  C 
scheme  was  a  most  delightful  one.  I  do  not  know  how  they  i 
to  have  four  mining  men  and  two  lawyers,  when  the  two  lawy 
only  expected  to  advise  as  to  the  legal  method  of  preparii^  thin 
have  lawyers  in  this  country  who  would  be  giad  to  go  as  membei 
Commission,  but  I  do  not  think  we  want  it  to  be  considered  that 
sense  of  this  meeting  that  we  would  like  to  be  represented  enl 
lawyers.  I  think  the  majority  should  be  mining  operators,  mini 
neers  or  mining  men. 

Denis  M.  Riordan,  New  York,  N.  Y. — My  predilections  v 
in  favor  of  a  Commission  of  five,  and  I  would  be  in  favor  of  ont 
the  Commission  to  be  a  lawyer.  I  think  the  three  mining  societi 
representative  of  the  government  representing  the  Bureau  of  Mi 
the  Geological  Survey,  would  make  a  well-balanced  and  well-c( 
Commission.  But  I  think  the  time  has  come  when  such  a  Con 
is  indicated,  and  I  am  in  full  accord  with  anything  that  will  res 
ambition  of  the  man  who  has  done  so  much  to  make  the  country 
the  Missouri  what  it  is  to-day,  namely,  the  prospector. 

Hennen  Jennings,  Washington,  D.  C. — I  think  the  mining  i 
immediately  admit  that  the  lawyer  is  more  competent  to  draft  a  1 
himself.  But  as  to  the  substance  of  the  bill,  it  seems  to  me  ' 
locators,  owners,  engineers,  the  operators,  should  know  better 
wanted  than  the  lawyer.  Therefore  in  a  Commission  of  that 
should  say  that  a  larger  committee  would  be  better  than  a  smal 
being  of  course  understood  that  the  legal  representative  should  c 
bill  after  the  substance  had  been  arrived  at  by  questioning  of  v 
by  those  who  best  should  know  the  work,  and  after  a  conference 
discussion  of  capable  and  honest  representatives  of  various  sid* 
question.  I  think  this  would  meet  with  more  general  satisfaci 
stand  better  the  future  test  of  time. 

It  is  a  vast  subject  for  three  men  with  no  practical  experi 
matter  how  able  they  may  be  to  grasp  everything  connected  ' 
subject  and  law. 

Senator  Walsh. — I  feel  it  to  be  my  duty  to  advise  this  g 
that  I  am  not  at  all  responsible  for  the  suggestion  of  the  amem 
regard  to  the  character  of  the  membership  of  the  Commission,  i 
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I  am  free  to  admit  that  the  merit  of  the  propoBition  appealed  to  me  very 
strongly.  It  was  euggested  to  me  by  a  member  of  the  Committee,  of 
well-known  ability  and  wide  experience,  and  he  told  us  why  he  suggested 
it.  He  said  he  was  appointed  a  member  of  a  CommissioD  in  his  State 
for  the  purpose  of  revising  their  laws  with  reference  to  minii^.  He  was 
made  a  member  of  the  Commission  with  two  other  geotlemeo,  who  were 
not  lawyers.  He  saw  or  thought  he  saw,  from  a  lawyer's  standpoint, 
some  very  serious  obstacles  to  the  working  of  the  plan  they  proposed. 
He  said  in  fact  that  he  was  confident — and  the  result  showed  the  sound- 
ness of  his  judgment— ^lonfident  of  his  position,  but  bis  views  were  over- 
ruled by  the  other  two  members  of  the  body.  The  reason  for  that  is 
that  men  not  engf^ed  in  the  profession  of  the  law  could  readily  suggest  a 
line  of  action  which  it  would  be  impossible  to  put  into  force,  because.- 
possibly,  of  constitutional  objections.  And  the  lay  member  would  not 
always  appreciate  the  force  and  applicability  of  decisions  which  had  been 
rendered  by  the  courts,  and  which  would  be  controllii^  on  the  interpre- 
tation of  the  proposed  statute's  provisions.  And  it  was  suggested  that 
it  would  be  construed  in  a  way  to  defeat  the  very  purpose  for  which  ii 
was  drafted. 

Now,  it  is  really  a  work  of  draftii^,  and  inasmuch  as  the  Commission 
will  have  available  for  its  services  the  views  and  opinions  of  all  those  who 
are  interested,  it  would  seem  not  to  be  necessary  at  all  that  any  of  us 
should  be  represented  on  the  Commission.  But  you  will  bear  in  mind 
about  that,  with  respect  to  that  matter,  you  gentlemen  represent  only  one 
particular  branch  of  the  mining  business.  The  prospector,  who  is  per- 
haps greatest  in  number,  in  the  revision  work  would  have  no  representa- 
tion upon  the  Commission  at  all,  in  all  probability.  And  you  are  like- 
wise to  bear  in  mind  that  he  does  not  always  look  on  you  gentlemen  as 
having  interests  absolutely  identical  with  his  own.  And  so  there  is  a 
political  aspect  to  this  thing  which  must  be  borne  in  mind.  I  must  say 
I  haven't  any  very  fixed  conviction  at  this  time  with  respect  to  the  wisdom 
of  the  change  proposed,  but  I  rather  feel  that  perhaps  some  gentlemen  feel 
it  was  a  rather  invidious  amendment  directed  at  them.  I  do  not  think 
that  is  the  case  at  all. 

Hbnnbn  Jennings. — In  case  the  Commission  had  conflicting  views, 
who  would  decide?  You  have  to  take  testimony,  and  you  must  adjudi- 
cate as  to  its  worth.  Now,  if  you  do  not  have  interested  people  on  the 
Commission,  how  are  you  goii^  to  arrive  at  a  judgment  that  will  be 
universally  satisfactory? 

Seinatob  Walsh. — The  decision  would  be  arrived  at  in  the  same  way, 
whatever  the  composition  of  the  Commission,  as  the  report,  if  it  is  re- 
ported, will  be  a  majority  report;  the  only  trouble  is  that  with  three 
lawyers,  there  would  be  three  separate  reports. 
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in  them,  or  so  near  them  as  to  warrant  the  classing  of  them  as  petroleum 
lands.  The  basis  of  these  suits  is  the  provision  in  the  grant  to  the  railroad 
that  it  does  not  include  mineral  lands,  and  the  claim  that  the  mineral 
character  of  the  land,  no  matter  how,  or  how  much  later,  established, 
should  be  held  to  vitiate  the  original  grant.  No  doubt  this  proposition 
has  plausible  legal  force,  since  nobody  can  deny  that  a  thing  explicitly 
reserved  in  a  deed  was  never  granted;  and  if  mineral  lands  were  thus  re- 
served from  railroad  grants,  the  only  defenses  which  the  railroad  company 
can  now  set  up  would  seem  to  be  (1)  that  petroleum  is  not  a  mineral, 
and  hence  that  petroleum-bearing  lands  are  not  mineral  lands;  and  (2) 
that,  whatever  be  the  value  of  the  first  defense,  the  word  mineral,  as 
used  all  over  the  Pacific  slope,  at  the  time  when  the  grant  was  made, 
meant  ore — i.e.,  a  solid,  including  mechanically,  or  in  chemical  combina- 
tion, a  valuable  metal — and  that,  at  that  time,  petroleum-bearing  lands, 
thoi^h  known  to  exist  in  California,  as  well  as  in  Pennsylvania,  etc., 
weri;  never  included  among  "mineral"  lands.  Upon  the  common-law 
principle,  that  a  deed  or  contract  expresses  the  mutual  understandit^ 
of  the  parties,  and  must  be  construed  according  to  that  understanding, 
it  may  be,  in  my  opinion,  justly  held  that  petroleum-bearii^  lands,  not 
being  regarded  at  the  time  of  the  grant  as  "mineral"  lands,  were  not 
included  in  the  aforesaid  reservation.  This  I  regard  as  a  sufficient 
defense  of  the  railroad  company  and  its  innocent  grantees  in  the  cases 
I  have  mentioned;  but  I  think  it  is  an  outrage  that,  after  forty-odd  years 
of  peaceful,  bona  fide  possession,  and  after  innumerable  sales  of  so-called 
agricultural  land  to  innocent  purchasers,  the  original  title  given  by  the 
United  States  should  be  assailed  on  such  grounds.  Simple  honesty,  such 
as  obtains  between  man  and  man,  would  require  that  the  United  States, 
as  grantor  of  the  land,  should  determine,  before  its  sale,  in  what  class  it 
had  decided  to  place  it,  and  then  stand  by  its  own  decision. 

I  could  give  many  other  illustrations,  all  carrying  one  moral — namely, 
that  after  all  precautionary  measures  and  forms  have  been  duly  complied 
with,  the  title  to  land,  given  by  the  United  States,  should  be  definite 
and  indefeasible.  The  new  policy,  advocated  by  some,  of  perpetual 
government  ownership  of  mineral  rights,  is  not  in  question  here.  Even 
the  advocates  of  that  policy  must  agree  that,  so  long  as  the  present  system 
of  selling  mineral  lands  outright  is  continued,  the  government  ought  to 
give  clear  and  final  title  to  purchasers.  For  this  purpose,  it  is  relatively 
immaterial  whether  its  "classification"  be  scientifically  correct  or  not, 
if  it  only  binds  the  government  and  protects  its  grantees. 

In  a  word,  the  argument  of  Mr.  Sharpless  has  noteworthy  force  only 
on  the  assumption  that  the  United  States  is  expected  to  administer  its 
natural  resources  permanently  as  the  property  of  the  whole  nation,  and 
not  to  transfer  them  to  private  citizens  or  to  the  several  States.  Con- 
cerning that  policy,  I  have  elsewhere  expressed  and  supported  my  views 
in  other  contributions  to  the  Institute. 
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Chlorides  in  Oil-Field  Waters 

of  the  paper  of  C.  W.  Washburns,  presented  at  the  New  York  me 
February,  1914,  and  printed  in  BuiUlin  No.  87,  March,  1914,  pp.  375  to  381 

Eugene  Coste,  Toronto,  Canada. — I  agree  entirely  with  Mr,  V 
lime's  view  that  the  strong  salinity  of  these  waters  in  the  oil  fields  i 
>  solfataric  volcanic  emanations;  the  composition  of  these  waters 
nly  the  large  excess  of  chlorine  in  them  but  the  excess  of  magnesiuir 
ilcium,  dififerentiatea  them  entirely  from  sea  waters  and  they  can 
B  compared  with  magmatic  waters.  In  the  Texas  and  Louisian 
Bids  we  certainly  have  the  clearest  examples  of  solfataric  action  v 
e  have  in  the  oil  fields  of  the  United  States-— I  mean  in  the  salt  dom 
ouisiana  and  Texas,  where  secondary  products,  not  only  of  salt  in 
[>dies,  but  enormous  bodies  of  dolomite,  gypsum,  and  sulphur,  have 
pposited  in  vertical  chimneys  by  solfataric  hot  waters  accompanied 
^drocarbons  and  sulphuretted  hydrogen;  the  salts  beii^  impregr 
ith  natural  gas,  sulphuretted  hydrogen,  and  oil,  and  the  salt  waten 
le  oils  being  quite  hot  yet  in  some  cases. 

A.  C,  Lane,  Tufts  College,  Mass. — Mr,  Washbume's  paper  bi 
>rward  some  ipteresting  points;  and  his  main  thesis,  that  these  ari 
ved  from  within  (juvenile),  is  one  well  worthy  of  careful  considera 
loes  he  not,  however,  assume  that  the  early  sea  water  had  a  chan 
>o  much  like  that  at  present?  Judging  from  the  average  water  noi 
iived  by  the  ocean,  either  according  to  Murray  or  Clarke,  there 
ive  been  a  gradual  change  in  its  composition,  aa  Hunt,  Goessman  a 
ive  pointed  out,  not  only  in  increasing  salinity  but  in  the  relative 
3rtions  of  the  different  salts. 

It  would  be  interesting  for  him  to  extend  his  collections  of  analys 
wider  range  of  geological  horizons.    Those  cited  are  Paleozoic, 
iper  on  the  chemical  evolution  of  the  ocean,  yet  unpublished,  I 
lown  reason  to  believe  that  while  underground  circulation  tends  ti 
3  the  ratio  of  Na :  CI,  the  character  of  truly  stagnant  water  varies 


The  trouble  with  following  his  suggestions  and  connecting  the  cal 
iloride  waters  of  the  Lake  Superior  mines  with  the  highly  calcic  ma 
the  greenstones  associated  is  that  the  calcium  chloride  waters  > 
■si  the  same  in  the  felsitic  conglomerates  interbedded  and  also  it 
moved  sandstones,  e.g.,  near  Whitefish  lake  and  Ontonagon,  ir 
[ichigan  iron  mines,  and  in  the  Storm  King  granite.  If  we  ^e  tc 
<  an  earth  sweat  for  these  universal  waters,  then  I  think  it  wou 
Jtter  to  assume  the  chloride  merely  to  be  slowly  diffused  from  tl 
rior,  picking  up  its  bases  en  touU.  But  a  serious  difficulty  there  i 
e  have,  for  instance,  under  the  oil-field  waters  referred  to  by  Washl 
le  St.  Peter  sandstone,  with  a  water  which  is  much  fresher,  appa] 
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cutting  off  any  prospect  of  a  juvenile  source,  which  otherwise  I  should  be 
del^hted  to  accept. 

The  objection  to  Washbume's  theory  is  the  fact,  if  it  be  a  fact,  that 
different  geological  horizons  have  different  chemical  characters,  and  that 
if  not  too  much  disturbed  by  circulation  they  can  be  recognized  thereby. 

Cementing  Oil  and  Gas  Wells 

Discusaion  of  the  paper  of  1.  N.  Khapp,  presented  at  the  New  York  meeting,  February, 
1914,  and  printed  in  Bulletin  No.  87,  March,  1914,  pp.  471  to  488. 

Arthur  Knapp,  Ardmore,  Pa.  (communication  to  the  Secretary*)- — 
Cementing  Skorl  Strings  of  Large-Size  Casing.— The  necessary  fittings, 
such  as  back-pressure  valves,  nipples,  by-passes,  etc.,  for  12J-in,,  15-in., 


or  larger  size  casings  are  very  expensive.  These  strings  are  seldom  more 
than  500  ft.  long,  and  cementing  may  be  safely  accomplished  as  follows 
(see  Fig.  1) : 

•  Received  Jan.  29,  1914. 
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First  Plug. — This  is  a  cylindrical  wooden  plug  with  a  length  about 
twice  the  diameter.  A  hole  whose  diameter  is  one-third  that  of  the  plug 
is  bored  through  the  plug.  The  bottom  of  this  plug  is  fitted  with  a  cir- 
cular piece  of  belting  the  same  diameter  as  the  casing.  This  belting  is 
so  cut  as  to  form  a  flap  valve  over  the  lower  end  of  the  bored  hole  in  the 
plug. 

Secorui  Plug. — This  plug  is  a  cylinder  with  a  length  about  twice  the 
diameter,  and  the  customary  belting  is  nailed  on  its  lower  end. 

Lugs. — Four  brass  l»y;s  about  J  in.  in  diameter  are  inserted  in  the 
casing  shoe  in  such  a  manner  as  to  project  into  the  ca^g  about  1}  in. 

Operation. — The  flap  valve  on  the  first  plug  is  held  shut  by  several 
small  nails.     After  mud  circulation  is  established  around  the  ca^ng  thi^ 


Fia.  3. 

pli^  is  inserted  and  the  cement  pumped  in  on  top  of  it.  The  secood 
plug  is  then  put  in  on  top  of  the  cement  and  the  pump  again  started. 
When  the  first  plug  reaches  the  brass  lugs  inserted  in  the  shoe  (see  Fig.  1) 
it  can  go  no  further.  The  pump  pressure  then  opens  the  valve  and  forces 
the  cement  through  the  plug  and  into  position  outside  of  the  casing. 
When  the  second  plug  reaches  the  first  plug  the  pump  pressure  imme- 
diately increases,  showing  the  cement  to  be  in  place.  The  casing  is  then 
lowered  to  bottom  and  cementing  has  been  accomplished.  It  is  good 
practice  to  leave  the  pump  pressure  on  the  casing  for  some  time  to  prevent 
any  back  flow,  should  there  be  a  leak  around  the  shoe. 

Ceinenting  Very  Long  Strings  of  Casing. — The  use  of  tubing  (2}  to  4  in.) 
to  pump  cement  throi^h  in  setting  long  strings  is  good  practice.  The 
contamination  with  mud  which  is  liable  to  occur  in  the  larger  casing  is 
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materially  reduced  in  the  tubing.  The  total  inside  surface  of  2,500  ft. 
of  ^-in.  caung  is  5,250  sq.  ft.,  and  of  3-in.  tubing  2,000  sq.  ft.,  the  ratio  be- 
ing as  their  respective  diameters. 

Fig.  2  shows  the  top  casing  collar.  A  steel  (never  cast-iron)  ring  is 
screwed  into  this  collar,  with  a  hole  through  it  large  enough  to  pass  a  tub- 
ing collar.  A  second  ring  is  fitted  to  a  tubing  nipple  with'packing  in- 
serted to  pack  against  the  tubing  collar.  Packing  is  inserted  into  the 
first  ring  and  on  it  the  second  ring  sets,  thus  effectually  sealing  the  top  of 
the  casing  and  preventing  back  flow  inside  of  the  casing. 

Fig.  3  shows  the  bottom  of  the  tubing  and  casing.  The  tubing  is 
fiitted  with  a  collar  into  which  is  screwed  a  bushing.  Two  holes  are 
drilled  into  the  tubii^  far  enough  above  the  collar  so  that  when  the  bot- 
tom plug  hits  the  bushing  there  will  be  just  space  for  the  cement  to  pass 
out  above  it.  This  figiu-e  shows  the  top  plug  at  the  instant  before  it 
reaches  the  bottom  plug  and  shuts  down  the  pump,  thus  indicating  that 
all  of  the  cement  has  passed  from  the  tubing.  When  the  cement  has 
all  been  pumped  into  place  the  casii^  is  lowered  to  bottom  and  cementing 
has  been  completed.  The  tubii^  is  now  plugged  at  the  bottom  and  If 
pulled  would  be  full  of  mud.  It  is  often  pulled  this  way.  Fig.  3  also 
shows  a  sleeve  which  may  he  used  to  vent  the  tubing  by  seating  the  string 
on  bottom  and  allow  the  string  to  be  pulled  dry. 

After  the  casing  is  on  bottom  the  hose  connections  are  removed  and  & 
longer  nipple  is  screwed  into  the  top  of  the  tubing.  The  string  of  tubing 
is  then  lowered  to  bottom.  This  causes  the  sleeve  to  slip  up  on  the  tubing 
and  bring  the  vent  holes  into  line.  If  now  the  hose  connections  are 
again  screwed  on,  the  cement  left  in  the  bottom  of  the  casing  may  be 
pumped  out.  This  leaves  a  minimum  of  cement  to  be  drilled  out  after 
the  casing  is  set  and  is  an  advantage  over  the  method  of  u^ng  full-sized 
plugs.  With  this  method  of  using  tubing  there  is  no  danger  that  an 
accident  to  the  cement  pump  will  leave  the  cement  where  it  will  set  in  the 
casing  or  tubii^.  The  vent  at  the  bottom  of  the  tubing  will  allow  the 
circulation  of  mud  to  wash  superfluous  cement  from  the  well. 

0.  P.  Hood,  Pittsburg,  Pa.^ — In  the  rotary  system  of  drilling  the  cir- 
culating mud  performs  several  functions.  It  removes  the  cuttings  from 
the  path  of  the  bit  and  gives  a  clean  surface  for  the  bit  to  work  upon,  it 
brings  the  cuttings  to  the  surface  where  they  can  be  examined,  it  may 
plaster  the  wall  of  the  hole  and  also  penetrate  some  of  the  formations. 

Mr.  Knapp  calls  special  attention  to  the  plastering  effect,  but  seem- 
ingly overlooks  the  matter  ot  penetration  into  porous  formations.  If 
mudding  a  well  refers  to  plastering  the  wall  of  the  hole,  as  imphed  in  the 
criticism  of  Bureau  of  Mines  Technical  Paper  42,  then  a  circulation  is  in- 
deed necessary  to  distribute  the  mud  thickened  by  the  cuttings  along  the 
length  of  the  hole.  There  is,  however,  an  action  of  muddy  water  quite 
apart  from  plastering  the  walls  of  the  well  and  which  does  not  depend  iq>0D 
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ly  flow  from  a  form&tioii  into  a  bore  hole ' 
it  the  hole,  but  the  direction  of  thia  flow 
luid  pressure  in  the  bole  greater  than  tha 
nt  of  radial  flow  will  depend  upon  the  i 
of  the  formation,  and  the  viscosi^  of  the  S 
aracter  that  fine  clay  will  stay  in  suspens 
d  tortuous  passages  by  deep  penetration  1 

iently  high  static  pressure  on  a  coiimm  of 
alation,  will  therefore  produce  an  effect  is 
ing  the  pressure  sufBciently  the  passages  ci 
rior  pressure  within  the  formation.  Thi 
lastering  of  the  surface  and  of  any  wobblir 

id  dates  back  to  at  least  1889,  but  has  I 
ons  as  described  by  Mr.  Knapp,  where  it 
it  such  mud  should  circulate  down  the  dr 
,  and  overflow  to  a  mud  pit  at  the  surfac 
of  the  mud,  and  particularly  as  applied  to 
9ol  drilling,  is  believed  to  be  rec^it  and 
plications  in  the  Oklahoma  field. 
V.  R.  Garfiab,  Los  Angeles,  Cal.  (commui 
nder  the  heading  "Difficulty  of  Getting  ] 
app  makes  the  following  criticisms  on  7 
■)f  Mines,  Cementing  Process  of  Excludini 
ia,  by  ourselves.  He  first  takes  exceptioi 
tion  made  by  us  for  the  accomplishme 
leration : 

ined  of  &11  debris  and  mud,  sad  enough  dear  wat 
any  sulphur  or  alkaline  water." 

lat  is  considered  good  practice  in  Penns; 
mdation  seems  to  be  warranted  in  Callfoi 
r  up-to-date  cementcrs  here;  at  all  events 
trr  in  common  with  many  well-posted  Ci 
ration  of  this  and  for  ease  of  reference, 
try  interesting  paper  by  F.  W,  Oatman^ 
Institute  at  the  same  time  as  the  pap 

lised  a  foot  or  so  from  bottom  and  water  pum| 
the  surface  around  the  outaide  ctf  the  casng.     Th' 


Methods  of  Prevention  in  California  Oil  Fields 
II  to  663. 
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of  this  ia:  To  assure  the  operator  Uiat  there  u  free  circulation;  to  wash. Emay  the  mud, 
oil,  etc.,  from  tiie  aides  of  the  caaingandthehole,  so  that  cement. may  adhere  thereto; 
to  open  the  space  around  the  casing  so  that  a  complete  ring  of  cement  may  form. 
This  water  circulation  may  be  continued  for  a  considerable  period,  sotnelimet  as  mveh 
as  30  hr.  or  more,  to  clean  the  hole  thOTOUghly." 

Of  course^  one  readily  can  ims^ne  a  combination  of  unusual  conditions 
which  might  render  the  pumping  of  clear  water  always  injurious,  and 
perhaps  such  prevail  in  PemiEylvania,  but  one  should  not  lose  sigbt  of  the 
fact,  as  indicated  by  the  title  of  our  paper,  that  the  information  contained 
therein  applies  only  to  California. 

Mr.  Knapp  also  t&kes  exception  to  that  part  of  our  fifth  recommenda- 
tion reading  as  follows: 

e  definite  information  should  be  gained  relative  to  the 
in  the  setting  qualities  of  the  oemeat," 

and  he  regards  as  "  not  to  the  point  to  talk  about  the  action  of  salt,  alka- 
line, sulphur,  or  gypseous  water  or  oil  in  the  hole  on  cement  ..." 
The  writers  fully  agree  with  Mr.  Knapp  upon  the  uselessness  of  only  talk- 
ing about  these  matters  but  they  strongly  favor  the  advisability  of  gain- 
ing some  definite  information  as  to  the  action  on  the  cement  of  the  water 
in  the  well. 

Again  quoting  from  the  instructive  paper  of  Mr.  Oatman,  p.  542: 

"Considerable  experimental  work  haa  been  done  by  many  investigators  to  deter- 
mine the  effect  of  various  salts  on  rate  of  setting.  Calcium  chloride,  OaCli,  decreases 
time  of  set,  and  if  over  2  per  cent,  by  weight  is  used  ia  likely  to  ao  hasten  the  set  as  to 
make  the  cement  difficult  to  handle.  The  use  of  J  per  cent,  of  sal  soda,  NaiCOi, 
has  been  found  effective  in  hastening  the  aet  in  wells  troubled  with  gas. 

"Since  hot  water  is  encountered  in  many  oil  fields,  ite  effect  on  cement  is  worthy  of 
notice.  In  general  it  may  be  stated  that  the  time  of  setting  decreaaes  with  increasing 
temperature." 

If  the  physical  and  chemical  properties  of  the  water  ia  certain  cases, 
however  few,  affect  the  behavior  of  cement,  as  noted  by  Mr.  Oatman,  it  is 
obviously  important  to  ascertain  these  facts  before  cementing,  particu- 
larly when  such  an  investigation  usually  requires  little  expenditure  of 
time  and  money. 

Mr.  Knapp  also  objects  to  the  followii^  from  the  same  paragraph: 

n  the  water  might  delay  the  setting  of  ordinary  cement  three 

The  statement  as  made  is  correct,  for  an  excess  of  gypsum  in  the  water 
did  delay  the  setting  of  ordinary  cement  three  or  four  months,  as  ex- 
plained below  by  Prof.  C.  W.  Wir^,  head  of  structural  engineering  at 
Leiand  Stanford,  Jr.,  University,  in  a  letter  to  the  junior  author: 

"In  the  basement  of  the  Royal  Insurance  Building  in  San  Francisco  some  difficulty 
with  the  setting  of  the  cement  was  experienced.    This  basoment  was  some  six  or  eight 
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feet  iDplacesbelowthegrouadwaterlined,  .  .  The  floor  was  a  foot  or  more  is 
and  when  the  time  came  for  placing  the  water  proofiDg  coating  it  was  fouE 
concrete  in  the  floor  had  failed  to  harden,  although  at  the  time  I  visited  it  i' 
than  a  month  old.  In  some  of  the  depressions  seepage  water  was  stai 
investigating  the  causes  of  the  slow  setting  of  the  concrete  it  was  fouac 
building  was  ia  line  with  a  gypsum  spring  that  used  to  exist  on  the  hillside 
building.  An  analyBis  of  the  seepage  water  showed  that  it  contained  a 
quantities  of  gypsum,  and  briquette  samples  of  cement  stored  in  this  wat* 
harden  and  reach  the  same  strength  that  identical  samples  stored  in  the 

gave While  this  hardening  had  been  delayed  there  was  no  reason 

that  in  due  course  of  time  the  concrete  would  not  reach  its  full  strength.  .  . 
basement,  on  my  recommendation,  was  Qnished  as  originally  designed,  an 
I  know  has  never  given  any  trouble.  The  effect  of  the  gypsum,  therefore,  i 
to  delay  the  hardening  of  the  concrete  and  not  to  destroy  its  value.  .  .  . 
of  testA  with  Portland  cements  in  which  the  only  gypaum  it  that  contained  i 
would  determine  the  effect  of  gypsum  in  the  water  upon  the  rate  of  sett 
cement, " 

It  ahould  be  noted  by  the  wording  of  the  paragraph  in  ques 
this  condition  was  not  intended  to  represent  an  every-day  OC' 
but  one  which  might  be  repeated,  and  the  writers  deemed  it  ad\ 
caution  operators  against  such  a  possibility.  We  were  very  gla 
"to  be  shown"  when  Professor  Wing  brought  this  to  our  attenti 

Mr.  Knapp  then  takes  issue  with  statements  made  by  us  in  ' 
Paper  No.  42,  pubhsbed  by  the  Bureau  of  Mines.  As  the  quoted 
do  not  convey  the  complete  meaning  intended  by  the  writers,  ¥ 
quote  in  full  the  paragraphs  in  question: 

"Sealin{)  of  Arleeian-Waler  or  Gat  Slralo" 

"It  sometimes  becomes  necessary  to  exclude  from  the  drill  hole  water  or 
in  an  overlying  sand  in  order  to  control  the  well  or  to  recover  or  test  for  the 
This  end  can  be  easily  accomplished  in  drilling  with  a  rotary  rig  by  forcu 
water  to  the  bottom  of  the  welt  through  one  of  the  lateral  openings  of  the 
the  pressure  being  regulated  by  closing  the  valve  connected  to  the  other  op 
back-pressure  valve  in  the  drill  pipe  will  prevent  the  flow  of  the  mixture  tk 
casing.  By  drilling  a  short  distance  and  forcing  as  much  mud  as  possibi 
porous  sands  penetrated,  a  plastered  waU  of  clay  is  built  throughout  the  g, 
or  water'^earing  strata.  After  the  entu%  thickness  has  been  penetrated  and 
landed  in  an  impervious  bed,  another  string  may  be  used  to  tap  the  oil  sac 
The  gas  thus  excluded  can  be  recovered  afterward  by  drilling  shallower  w 
upper  sands, 

"This  method  can  also  be  employed  in  drilling  the  entire  thickness  of  a 
sand  under  tremendous  pressures,  an  operation  that  might  otherwise  provi 
some.  The  mud  can  easily  be  removed  by  releasing  the  pressure  or  bailing 
water  in  the  hole,  a  strainer  or  perforated  casing  being  placed  in  the  sand  1 
the  wall  of  the  well  from  caving  when  the  pressure  is  released," 

Mr.  Knapp's  opinion  to  the  contrary  notwithstanding,  tk 
description  represents  actual  conditions  which  have  been  put  into 
by  J.  A.  Pollard  andother  petroleum  engineers. 
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I.  N.  Knapp  (communicatioa  to  the  Secretary'). — The  discusuon  of 
Messrs.  Arnold  and  Garfias  of  my  paper  on  Cementing  Oil  and  Gas  Wells 
has  been  carefully  read  to  me.  Also,  I  have  read  F.  W.  Oatman's  paper 
and  I  do  not  think  it  has  been  interpreted  correctly  by  them. 

They  quote  Mr.  Oatman  as  washing  out  the  well,  presumably  with 
clear  water, "  to  open  the  pace  aromid  the  casing  so  that  a  complete  rii^  of 
cement  may  form."  No  one  can  by  any  practical  means  du-ect  the  action 
of  the  clear  water  so  that  it  will  produce  this  ideal  condition,  which  must 
be  approached  to  successfully  cement  in  well  casing.  Clear  water  by  its 
solvent,  erosive,  and  undirected  action  will  tend  to  wash  away  the  walls  of 
the  well  at  points  of  least  resistance  and  work  away  from  the  ideal 
condition. 

My  paper  explains  in  detail  bow  to  bring  a  well  into  condition  for 
cementii^,  so  I  will  not  repeat.  If  Mr.  Oatman  is  working  in  territory 
where  the  walls  of  a  well  will  stand  30  hr.,  washit^  with  water,  he  is  to  be 
congratulated  on  not  havii^  dlfGcult  territory  to  handle.  He  is  again 
quoted  (p.  542)  as  to  experimental  work  to  determine  the  effect  of  various 
salts,  and  troubles  with  gas,  oil,  and  hot  water  in  cementing  wells. 

As  I  have  shown  in  my  paper,  all  ground  water,  oil,  and  gas  may  and 
should  be  excluded  from  a  well  before  cementing,  so  it  is  not  necessary  to 
consider  their  action  on  cement  unless  the  driller  deliberately  elects  to  let 
them  bother  him. 

Now  as  to  hot  water  1  did  not  discuss  this  in  my  paper,  but  I  have 
drilled  into  a  water-bearing  horizon  of  a  known  temperatiu-e  of  99°  F. 
with  the  rotary,  using  a  mud  circulation.  This  mud,  as  comity  from  the 
well  until  drilling  stopped,  did  not  exceed  72°  P.  as  noted  by  a  standarized 
thermometer.  There  would  have  been  ample  time  to  have  cemented 
without  much  increase  in  this  temperature.  This  was  clearly  shown  by 
the  fact  that  when  the  well  was  bailed  and  the  hot  water  warmed  up  the 
easily  it  expanded  fully  10  in.  in  1,880  ft.  Thus  hot-water  conditions 
admit  of  easy  control. 

The  quotation  from  Prof.  C.  W.  Wing's  letter  does  not  distinguish 
between  "setting"  and  "hardening"  of  cement  or  concrete.  It  is  not 
made  clear  that  the  gypsum  spring  was  the  cause  of  the  concrete  fuling 
to  harden,  as  the  same  result  might  have  been  produced  in  other  ways.  I 
would  refer  to  my  paper  (p.  471)  as  to  the  difference  between  "setting" 
and  "hardening"  of  cement.  I  still  object  and  desire  "to  be  shown" 
that: 

"An  encen  of  gypsum  in  the  water  might  delay  the  setting  of  ordin&ry  cement 
three  or  tour  months. " 

Let  us  not  forget  the  main  point,  as  yet  uncontroverted,  that  all 
ground  water,  gas,  and  oil  may  and  should  be  excluded  from  a  well  before 
cementing. 

•  Received  May  14.  1914.  .-.  , 
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The  Origin  of  Petroleum 


Discussion  ot  the  paper  ot  Hanb  von  Hofer,  presented  at  the  New  Yor 
February,  1914,  and  printed  in  Bvlklin  No.  89,  May  1914,  pp.  869  tt 

A.  F.  Lucas,  Washington,  D.  C. — I  have  long  held  tht 
that  igneous  rock  iu  the  form  of  laccoliths,  batholiths,  or  sills  mj 
lie  the  salt  domes  of  Louisiana,  Texas  and  elsewhere,  and  have  j 
the  hypothesis  of  the  volcanic  origin  of  these  domes.  In  the  is 
apparently  conclusive  arguments  presented  by  siicb  authority 
H.  V.  Hofer,  it  takes  much  courage  or  almost  convincing  proo 
advocate  such  an  hypothesis,  but  when  one  travels  over  the 
Plains  of  Texas,  Louisiana,  and  Mexico,  one  needs  still  more 
as  there  are  certainly  no  visible  evidences  of  vulcanism  for  hui 
miles,  only  perfect  and  level  plains  of  unconsolidated  sed 
materials. 

Over  these  plains  there  rise  some  elevations  of  various  heigl 
by  comparison  with  the  wide  extent  of  the  plain  may  be  likened 
prick  on  the  floor  of  this  room.  A  series  of  these  elevations  app 
perfect  alignment  northwest  to  southwest  are  now  known  as 
Islands  in  Louisiana,  a^d  others  scattered  through  the  Coasi 
are  known  as  bills,  mounds,  or  domes.  On  some  of  these  e 
there  exude  from  low  depressions  solfataric  emanations  from 
acidulated  water,  while  on  others  there  are  no  indications  of  dist 
coming  from  below. 

I  pioneered  the  drilling  on  all  these  islands  and  most  of  th 
and  invariably  found  them  to  be  underlain  in  whole  or  in  par 
masses.  This  is  the  case  also  at  Belle  Isle,  Anse  la  Butte,  Sp 
Bryan  Hights,  etc.,  on  whose  domes  oil  and  sulphur  was  also  foi 

On  Belle  Isle  strong  indications  of  solfataric  emanations  wi 
apparent  than  on  other  domes  of  the  series,  and  therefore  thb 
was  more  extensively  exploited  than  any  other,  with  the  excf 
Spindletop,  first  for  salt,  and  then  for  oil. 

I  have  held  the  opinion  with  Mr.  Coste  that  the  emanatioi 
through  these  domes  constitute  evidences  of  volcanic  origin,  an 
in  consequence  been  desirous  of  making  a  practical  demonsti 
prove,  if  possible,  whether  or  not  the  salt  masses  of  the  Coasti 
rest  on  volcanic  plugs.  Accordingly  I  induced  I.  N.  Knapp  t 
deep  test  well  to  ascertain,  first,  the  total  depth  or  thickneE 
salt  mass,  and  second,  the  character  of  the  rock  formation  up( 
the  salt  rests. 

This  was  easily  said,  but  not  easily  done,  as  in  one  of  the  et 
holes  drilled  by  me  some  18  years  ago  at  Jefferson  Island,  foj 
Jefferson,  drilling  was  carried  to  a  depth  of  2,100  ft.  without 
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through  the  salt.  The  total  thickness  of  pure  rock  salt,  as  far  as  explored, 
was  nearly  1,900  ft. 

Since  the  drilling  of  the  discovery  well  by  me  on  Spindletop,  a  salt 
dome,  in  1901,  creating  a  new  precedent  in  oil  exploration  on  the  Coastal 
Plains,  many  attempts  have  been  made  to  find  oil  by  drilling  on  all  sorts 
of  elevations,  however  slight,  in  hope  to  strike  another  Spindletop,  which 
was  only  12  ft.  above  the  surrounding  prairie.  In  most  instances  the 
drill  encountered  either  rock  salt  or  dolomite  which  continued  to  con- 
siderable depth.  As  oil  was  not  supposed  to  be  present  below  these 
substances,  the  drill  was  stopped  and  the  well  abandoned. 

There  was  therefore  at  that  time  no  precedent  at  hand  and  no 
geologist  witling  or  able  to  advance  a  possible  hypothesis  as  to  how 
deep  the  salt  mass  may  continue,  or  upon  what  kind  of  rock  it  might 
rest. 

Many  theories  and  hypotheses  have  been  advanced  by  students  or 
geologists  to  account  for  the  or^n  of  these  wonderful  salt  masses.  In 
studying  the  interior  of  salt  mines  which  have  been  carried  to  a  depth 
of  severEil  hundred  feet,  and  also  in  considering  the  perimeter  of  the  salt 
domes,  one  cannot  help  concludmg  that  the  salt  was  not  deposited  by 
evaporation,  but  must  have  been  deported  by  saline  waters  ascending 
from  great  depths.  In  looking  over  a  vaulted  chamber  in  a  salt  mine  of 
the  Coastal  Plains  one  ia  struck  by  the  dazzling  whiteness  of  the  salt, 
which  is  interspersed,  however,  by  dark  streaks  resembling  the  grain  of 
oak  or  chestnut.  These  dark  streaks  are  caused  by  very  fine  grains  or 
stringers  of  gypsum,  making  it  appear  as  if  the  whole  mass  was  at  one 
time  in  a  plastic  condition. 

The  Knapp  well  at  Belle  Isle  passed  through  the  salt  at  about  2,900 
ft.  and  then  continued  in  calcareous  rock  to  a  depth  of  3,171  ft.  At 
this  point  the  drill  encountered  a  formation  so  hard  that  no  impression 
could  be  made  with  the  ordinary  fishtail  bit  and  consequently  no  sample 
of  the  rock  could  be  obtained.  While  endeavouring  to  obtain  a  diamond 
drill  outfit,  the  well  (which  was  at  that  time  in  great  distress  owing  to 
gas  pressure  and  caves)  was  lost  and  no  other  deep  well  has  been  drilled 
since  that  time. 

The  information  this  well  gave  is  or  should  be  gratifying,  for  although 
it  failed  to  furnish  a  sample  of  the  hard  rock  at  3,171  ft.,  it  is  likely  that 
it  would  have  proved  to  be  an  igneous  rock,  probably  basalt,  for  in  all 
my  experience  no  sedimentary  rock,  even  a  hard  limestone,  would  have 
worn  the  drill  as  this  rock  did.  A  new  and  very  hard  drill  was  repeatedly 
lowered  and  efforts  made  to  drill  into  it,  but  with  the  same  result. 

This  well  has,  however,  established  certain  facts,  to  wit:  (1)  the  total 
depth  of  the  rock  salt,  a  thing  heretofore  unknown;  (2)  that  oil  and  gas 
under  heavy  pressure  exist  under  the  salt;  and  (3)  the  existence  and 
beginning  of  a  very  hard  formation,  necessitating  better  drills  than  the 
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best  fishtail  bit  then  in  use  (possibly  a  Sharpe  &  Hughes  diill  might 
cope  with  the  situation,  and  if  not  that,  the  Calyx  drill,  or  even  a  diamond 
drill) ;  (4)  that  the  depth  so  far  attained  is  not  at  all  beyond  limits  of 
economic  drilling  as  practiced  to-day,  and  that  with  a  proper  drilling 
outfit  and  heavy  casing  a  station  could  be  made  to  set  the  caaing  on  the 
extreme  bottom  in  order  to  proceed  unhampered  by  gas  and  caves  through 
a  greater  depth,  say  at  least  6,000  ft.  This  would  give  a  latitude  of  nearly 
3,000  ft.  of  territory  still  to  be  explored;  and  in  a  lone  of  such  wonderful 
activity  very  important  facts  may  be  brought  to  l^ht  which  may  prove 
conclusively  whether  or  not  petroleum  comes  from  igneous  rock  and 
consequently  is  of  volcanic  origin. 

Through  the  many  holes  drilled  on  this  dome  to  ascertain  the  dip  of 
the  salt,  there  were  invariably  encountered,  overlying  the  salt,  lenses  of 
limestone  confining  from  10  to  35  per  cent,  of  sulphur.  In  some  in- 
stances the  drill  dropped  several  feet,  thus  showing  that  the  limestone 
is  cavernous.  This  is  also  evidenced  by  the  fact  that  in  some  wells 
many  wheelbarrows  of  clay  were  dumped  in  the  hole  in  the  effort  to  get 
return  of  the  drill  water. 

Nearly  the  whole  mass  of  the  salt  seems  to  have  been  impregnated 
with  gas  and  dil  globules,  which  are  often  visible  without  the  aid  of  a 
lens.  In  emptying  a  bailer  of  its  fragment  of  salt  into  a  trough,  the 
fragments  in  liquefying  would  pop  like  so  many  jumping  jacks,  provii^ 
that  the  salt  contoinit^  the  gas  and  oil  is  under  heavy  pressure. 
Throughout  the  drilling  of  this  well  gas  imder  heavy  pressure,  oil,  impure 
gypsum,  anhydrite,  and  sulphur  were  obtained,  and  at  a  depth  of  2,745 
ft.  a  ledge  of  magnetic  iron.  Where  did  this  magnetic  iron  come  from? 
Certainly  not  from  the  outade  of  the  dome,  which  is  surrounded  and 
hemmed  in  by  muck  sand,  gimibo,  gravel,  etc. 

The  cost  of  a  well  like  this  was  of  course  high,  because  one  did  not 
know  what  to  expect  next,  but  now  within  the  limit  of  depth  attained 
by  this  well  the  cost  would  be  considerably  less,  and  if  proper  prepara- 
tions were  made  the  drilling  of  a  well  to  say  a  depth  of  6,000  ft.  would  not 
be  excessive,  considering  the  possible  results  that  might  be  attained. 

William  C.  Phalen,  Washington,  D.  C. — What  is  the  approximate 
thickness  of  calcium  carbonate  and  gypsum  after  you  passed  through  the 
salt? 

A.  F.  Lucas. — We  have  the  data;  to  wit,  from  |2,900  to   3,171  ft. 

William  C.  Phalen. — It  seems  to  me  that  these  are  normal  solutions. 
We  should  have  a  calcium  carbonate,  then  gypsum  and  salt  on  top. 
You  mentioned  the  presence  of  these  substances. 

A.  F.  Lucas. — Yes,  within  the  confines  above  given,  althoi^h  some 
may  have  come  above  the  salt,  as  the  well  was  not  cased  at  this  point. 

I.  N.  Knaff,  Ardmore,  Pa. — We  established  the  fact  that  there  was 
a  ledge  of  magnetic  iron.    I  think  there  was  4  ft.  of  magnetic  iron  at  a 
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depth  of  2,745  ft.  The  bit  wore  faster  than  the  ore.  The  magnetic 
iron  consiated  of  small  particles  cemented  together,  and  it  fairly  hissed 
when  it  came  out  of  the  hole. 

Geobob  S.  Rice,  Pittsburg,  Pa. — Was  an  analysis  made  of  the 
gaa? 

A.  F.  Lucas. — No,  sir;  we  were  after  more  valuable  or  important 
data  than  the  composition  of  the  gas. 

C.  W.  Washburnk,  Washington,  D.  C. — In  calling  attention  to  this 
salt,  which  Captain  Lucas  said  hopped  about  when  it  was  thrown  on  a 
shovel,  that  is  what  they  call  knister  salt.  If  this  salt  is  put  in  water 
it  practically  explodes,  and  blows  the  water  around.  The  gas  in  it  is 
under  very  high  pressure.  It  has  been  measured,  and  the  pressure  is 
under  several  hundred  poimds.  These  gasea  could  not  have  gotten  in 
there  under  steam  or  water  pressure.  That  salt  crystallises  under 
ground  and  the  gas  gets  into  it  at  the  time  it  crystallizes.  It  would 
crystallize  in  a  shallow  dune,  and  it  formed  there  under  pressure  of  the 
rocks,  and  the  gas,  of  course,  is  under  pressure  still. 

EuQENB  CosTE,  Toronto,  Canada. — I  am  sincerely  grateful  to  Dr. 
V.  Hofer  for  this  paper  discusung  the  origin  of  petroleum,  and  op- 
posing  the  view  of  that  or^iu  which  I  have  supported  on  many  occa- 
sions since  1900.  It  is  only  by  such  disoussionB  that  all  the  facta  and 
an^uments  in  the  case  will  be  brought  clearly  forward;  the  members 
of  the  Institute,  mimi^  engineers  and  geologists,  are  the  best  of  jurors 
to  decide  on  both  the  facts  and  the  arguments;  and  thus  we  may  hope  to 
arrive  at  the  solution  of  thb  scientifically  and  economically  most  im- 
portant problem. 

Before  answering  Dr.  v.  HSfer's  points  against  the  solfataric  volcanic 
origin,  I  may  be  permitted  to  rimimS  what  I  understand  from  his  paper 
to  be  his  own  views,  and  what  he  frankly  states  as  his  position  on  the 
question.  He  narrows  the  origin  of  petroleums  to  the  direct  transforma- 
tion of  animals  or  fatty  plants  (such  as  diatoms)  without  cellulose;  and 
he  considers  that  the  organic  matter  was  originally  in  the  "sands"  in 
which  the  petroleums  are  now  found,  unless  in  the  cases  where  petroleums 
have  passed  afterward  through  fissures  to  other  sand  strata.  Dr.  T. 
Hofer  also  considers  these  sands  to  be  coastal  marine  formations,  de- 
posited in  shallow  bays  of  the  sea,  where,  under  special  favoring  con- 
ditions, the  oxygen  of  the  air  did  not  destroy  as  usual  the  animal  or  fatty 
plant  matter,  which  was  therefore  entombed,  and  afterward  through  the 
agency  of  long  time  was  gradually  distilled  at  low  temperature  and  under 
h^h  pressure,  and  became  petroleum. 

The  clear  statement  of  these  views  forcibly  suggeste  at^once  the 
following  objections  to  them: 

I.  Why  is  not  this  process  in  active  operation  in  the  world  to-day? 
Why  can  we  not  abundantly  verify  it,  and  witness  it  in  numerous  cases  in 
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some  of  the  miliioDS  of  shallow  bays  of  the  sea  teeming  with  life 
saads  are  being  deposited  to-day,  and  have  been  deposited  in 
ages  under  similar  conditions?  It  is  not  enough  to  cite  in  sup 
this  hypothesis  a  very  few  cases,  in  which  empty  shells,  or 
matter  partly  decomposed,  were  evidently  impr^nated  with  peti 
by  seepage  through  fissures  or  seams  from  underlying  reservoirs. 

II.  It  is  also  erroneous  to  say  that  this  hypothesis  (p.  871  ol 
Hofer's  paper)  was  accepted  by  eminent  authorities,  "mostly  in 
the  circumstance  that  the  bituminous  rocks  carry  the  fossil  rem 
animals."  As  a  matter  of  fact,  the  fossil  remains  of  animals  or 
are  found  mostly  in  shales  which  are,  as  a  general  rule,  absolutely 
of  petroleums.  It  is  only  very  occasionally,  surely  not  in  1  per  i 
the  cubic  contents  of  the  strata,  that  bituminous  rocks,  or  rocks 
shales,  sands  or  limestone)  containing  petroleums,  are  found;  ai 
rule,  these  spots  are  comparatively  small  and  are  very  poor  in 
The  other  99  or  more  per  cent,  of  the  strata  really  contains  th 
beds;  and  these  fossil  beds,  as  is  well  known,  are  barren  of  petri 
Although  some  of  these  shales  may  be  carbonaceous,  _they_^a 
bituminous  or  petroliferous. 

III.  This  brings  one  to  the  third  serious  objection  to  the  ' 
Dr.  V.  Hdfer,  namely,  that  the  "  petroliferous  sands  "  are  so  poor  in 
and  the  petroliferous  sand-reservoirs  are  so  limited  in  extent  aoc 
ness,  with  impervious  rocks  all  around  them  (since  we  find  hes 
pressures  in  these  reservoirs),  that  the  enormous  quantities  of  peti 
they  have  produced  cannot  possibly  be  accounted  for  in  that  v 
willciteonly  one  instance:  vis.,  the  example  of  the  small  dome  of  S 
top  at  Beaumont,  Texas,  where  from  a  little  over  200  acres 
50,000,000  barrels  of  oil  have  been  produced  up  to  date.  The  oil  " 
under  that  dome  are  secondary  crystalline  limestone  or  dolomite  i 
found  only  under  the  dome  area  of  a  tittle  over  200  acres,  the  sui 
ii^  strata  being  impervious  clays  and  sands  and  "gumbo"  bee 
fossils  but  without  oil.  The  secondary  crystalline  limestones  or  do 
under  the  dome,  containing  these  enormous  quantities  of  oil,  i 
fossiliferous;  but  even  if  they  were,  the  oil  in  them  could  not  be  indi 
in  such  quantities,  and  undoubtedly  came  up  the  chimney  under  th 
from  below,  since  it  cannot  have  come  from  the  impervious  wdes. 

This  reasoning  from  indisputable  facts,  patent  in  many  fieic 
ago  forced  the  American  geologists  to  the  conclusion  that  the  peti 
cannot  have  been  produced  in  the  sands  they  now  occupy.  On  tt 
hand,  most  of  the  American  geologists,  and  many  others,  con 
regional  migration  of  oil  out  of  the  impervious  surrounding  sec 
into  the  sands — which,  of  course,  is  also  impossible.  Dr.  v.  Hdfei 
with  me  (p.  878  of  his  paper)  that  there  is  no  possible  regional  mi 
of  oil  through  the  pores  of  such  impervious  clays  and  shales  as  si 
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the  "aaads,"  and  "that  the  migration  of  oil  can  take  place  only  in 
cracks,  joints,  and  fissures;"  but  hia  primary  deposits,  "the  porous 
sands,"  are  evidently  altt^ther  too  small  in  cubic  capacity,  and  too  poor 
in  organic  contents,  to  furnish  the  enormous  quantities  of  petroleum 
which  have  actually  been  produced  from  them. 

Moreover,  in  the  different  fields  of  the  world  we  can  trace  these 
primary  sand  deposits  of  Dr.  v.  Hfifer  lower  and  lower  down  in  the 
geological  scale,  until  we  find  them  not  only  in  the  Devonian  and  Silurian 
but  also  in  the  Cambrian  (Potsdam  sandstone  in  N.  ¥.  State)  and  in  the 
crystalline  rocks  (Newhall,  Cal.)-  This  forces  us  to  admit  &  still  lower 
source,  namely,  the  volcanic  magma;  and  when  these  volcanics  every- 
where give  so  much  evidence  of  containing  large  quantities  of  hydro- 
carbons either  in  their  associated  solfataric  gases  or  in  the  lavas  them- 
selves, why  should  we  reject  that  source  to  which  we  are  forcibly  led  by 
the  full  consideration  of  the  geoli^cal  evidence  mentioned  above? 

IV.  If  the  petroleum  deposits  were  coastal  marine  formations,  de- 
posited in  shallow  bays  of  the  sea,  they  would  be  found  under  gec^aphical 
alignments  entirely  different  from  the  straight  oil  belts  in  which  ihey  are 
actually  being  found.  The  oil  belts  are  evidently  connected  with  the 
tectonic  and  orogeoic  disturbances  of  each  region,  and  not  with  the 
ancient  shore  lines  of  the  different  formations.  Moreover,  along  the 
same  belt  we  find  the  petroleums  impregnating  sands  of  many  different 
ages.  In  California,  for  instance,  from  and  including  the  crystaUine 
rocks  to  the  Quaternary,  there  is  a  thickness  of  some  30,000  ft.  in  which 
productive  sands  are  found.  Yet,  outude  of  the  productive  narrow  belts 
along  the  Coast  Range  these  30,000  ft.  of  strata  are  barren  of  petroleum. 
Surely  it  cannot  be  imagined  that  marine  bays  of  the  ancient  seas  could 
align  themselves  in  that  way  along  fault  Unes  or  straight  disturbed  zones, 
and  juxtapose  themselves,  one  on  top  of  the  other,  in  formations  of  so 
many  different  ages,  according  to  just  the  same  tectonic  zones  of 
disturbance. 

V.  In  shallow  bays  of  the  sea,  in  which  sands  are  deposited,  the 
organic  matter  is  generally  observed  to  have  totally  disappeared,  having 
been  destroyed  by  the  oxygen  of  the  air.  Dr.  v.  Hofer  admits  this 
(p.  S78);  but  he  speaks  of  v^ue  special  favoring  conditions  which 
occasumaUy  permitted  the  preservation  and  entombment  of  the  organic 
matter.  Would  such  special  favorii^  conditions  explain  the  enormous 
quantities  of  petroleums  in  the  world?  And  why  should  these  special 
favoring  conditions  occur  at  repeated  periods  during  long  ages  in  the  same 
district  aloi^  fault  lines  or  disturbed  zones;  and  what  are  these  special 
conditions,  anyhow?  If  petroleums  were  deported  in  shallow  bays, 
what  about  the  deep  vertical  chimneys  of  Texas  and  Louisiana  with 
several  thousand  feet  of  thickness  of  salt  impregnated  with  petroleums? 

VI.  Admitting,  for  the  sake  of  argument,  that  the  soft  cyanic 
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tissues  of  aoimals,  or  the  fatty  tissues  of  plants,  were  occa»ona 
tombed,  how  did  the  trausformatioa  of  these  into  petroleums  take 
Dr.  V.  Hdfer  says  it  was  by  the  action  of  long  time,  which  pei 
a  slow  distillation  at  low  temperature;  and,  strange  to  say,  as  a  sy 
proof  of  that  proposition  he  gives  the  experiments  of  Engler,  in 
oils  similar  to  petroleums  were  produced  from  organic  fats  by  1 
in  a  retort  at  temperatures  from  300"  to  400"  C. — experiments  madf 
conditions  of  temperatures  entirely  different  from  those  which 
in  nature,  and  therefore  not  in  the  least  to  the  point.  If  long  tii 
tilled  some  of  the  organic  matter  of  the  sediments  into  petroleum 
is  it  that  it  did  not  produce  any  other  effect  on  these  sediments,  : 
the  "coals"  contained  in  them,  which  are  unaltered  and  undii 
And  if  long  time  could  replace  temperature  in  bringing  about  c 
tion,  should  not  everything  on  this  earth  be  in  a  gaseous  state,  a 
has  been  all  the  time  imaginable  in  the  eternity  behind  us  to  bring 
the  same  effect  as  the  highest  imaginable  temperature?  Phenon 
physical  or  chemical  changes  of  state  in  elements  require  certain  tei 
ture  points  and  will  not  take  place  at  a  lower  temperature,  no  ; 
the  length  of  time.  One  might  as  well  say  that  by  leavii^  a 
long  enough  in  cold  storage  it  would  cook  itself  1 

I  will  now  take  up  in  their  order  Dr.  v.  Hofer's  criticisms  of  my 
as  contained  in  his  paper. 

1.  I,  of  course,  never  intended  to  state  anywhere  in  my  papei 
there  was  no  methane  in  petroleums;  what  I  did  say  was,  that  the 
gas  formed  from  the  decomposition  of  plants  is  quite  apart  and  di 
genetically  from  the  methane  of  petroleums. 

2.  Whether  the  crystalline  schists  or  gneiss,  from  which  i 
light  gravity  oil  is  produced  near  Newhall,  Los  Alleles  county 
is  a  metamorphosed  sedimentary  or  not,  and  is  of  Jurassic  age 
Archean  age,  makes  absolutely  no  difference  in  the  point  which  I 
about  this  occurrence  of  petroleum,  namely,  that  the  petroleum  if 
in  crystalline  rocks  and  therefore  cannot  possibly  be  indigenou 
must  come  from  the  San  Gabriel  granite  or  the  magma  below.  I 
crystallines  are  ancient  sediments,  they  must  certainly  have  1 
their  organic  matter  durii^  the  metamorphosis,  and  especiall; 
light  gravity  oil  as  is  found  there  must  have  an  extraneous  origii 
attribute  that  origin  to  the  neighboring  Tertiary  oil  field  is  altc 
impossible;  since  light  oils  of  that  nature,  full  of  gas,  never  go  down 
strata  but  always  ascend. 

3.  To  suppose  that  the  oil  and  bitumen  in  the  quicksilver  dep< 
California  and  elsewhere  may  have  been  extracted  and  transports 
deeper  bituminous  rocks  by  the  ascending  ore-bearing  solutions 
reverse  the  problem  without  the  shadow  of  a  proof.  One  might  i 
suppose  that  the  quicksilver  itself  in  these  veins  had  its  origin 
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wall  rocks,  instesd  of  tbe  asceading  ore -bearing  solutions.  It  is  well 
known  to  mining  geologists  that  ore-bearing  solutions,  circulating  in 
veins  and  fissures,  sometimes  impregnate  the  wall  rocks  and  become 
diffuse  in  them;  but  th^  cannot  do  the  reverse,  and  receive  their 
contents  from  these  wall  rocks. 

4.  I  must  differ  entirely  with  Dr.  v.  H6fer  when  he  says  that  the 
occurrences  of  bitumen,  petroleums,  or  graphite  in  metalliferous  veins, 
pegmatite  dikes  or  volcanic  rocks,  are  scanty  or  sporadic  occurrences. 
I  maintain,  on  the  contrary,  that  they  are  frequent  all  over  the  world  and 
constitute  positive  and  overwhelming  proofs  that  these  products,  in  all 
such  cases,  have  an  inorganic  origin.  To  suppose  that  volcanic  or 
eruptive  rocks  can  distill  and  absorb  into  their  own  mass  petroleums  or 
natural  gas  from  bituminous  materials  in  the  wall  rocks,  is  again  to 
reverse  the  question  without  the  semblance  of  a  proof,  and  moreover, 
involves  an  impossibility.  One  cannot  look  for  distillates  inside  of  the 
hot  mass  which  produces  the  distillation.  The  very  word  "distill" 
means  "driving  away." 

5.  The  occurrence  of  oil  around  volcanic  necks  in  Mexico  is  questioned 
by  Dr.  v.  Hofer,  who  says  that  it  is  widely  distributed.  From  all  the 
records  of  reputable  geologists  who  have  examined  the  occurrences  of 
oil  in  that  country,  and  even  from  the  records  of  Mr.  Villarello,  quoted 
by  Dr.  Hofer  (p.  875),  it  is  quite  clear  that  the  petroleum  deposits  are 
always  intimately  connected  with  the  volcanic  necks.  In  fact,  this  is 
one  ol  the  clearest  evidences  in  the  world  of  the  solfataric  volcanic  origin 
of  oil  in  enormous  quantities. 

6.  Dr.  v.  Hofer  says  that,  as  a  logical  consequence  of  my  views,  de- 
posits of  petroleums  should  always  be  found  in  the  vicinity  of  volcanic 
eruptions.  As  we  have  just  seen,  when  it  is  found  in  such  vicinity  in 
enormous  quantities,  as  in  Mexico,  the  proximity  and  connection  of  the 
volcanics  and  the  petroleums  are  denied.  But  when  the  volcanics  are 
not  plainly  to  be  seen,  then  their  occurrence  in  the  petroleum  fields  is 
demanded.  Faulting  and  fissuring  connected  with  volcanic  manifesta- 
tions take  place  all  over  the  world,  not  only  in  mountainous  regions  but 
also  in  regions  of  plains,  and  may  be,  and  are,  often  accompanied  with 
solfataric  emanations,  though  the  lava  or  volcanic  rocks  themselves 
do  not  appear  at  the  surface.  It  is  clear  upon  careful  consideration  of 
these  phenomena  that  any  belt  of  country  very  rich  in  erupttves,  such  as 
the  "inner  bend"  of  the  Carpathians  cited  by  Dr.  v.  Hdfer,  might  be 
too  much  faulted  and  fissured  to  permit  the  storage  of  the  gaseous 
emanations  in  the  greatly  disturbed  and  broken  surrounding  sediments, 
while  another  belt  of  the  same  country  such  as  the  "outer  bend,"  which  is 
sufficiently  fissured  to  permit  pent-up  vapors  and  gases  to  force  their 
way  through  to  the  porous  portions  of  the  sediments,  and  yet  not  so 
much  as  to  permit  their  complete  escape  to  the  surface,  would  naturally 
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umish  the  beat  nnd  richest  petroleum  fields.  Even  in  such  oil  f 
hose  of  Pennsylvania  and  northwestern  Ohio,  where  the  strata 
larently  undisturbed,  we  find  such  well-marked  breaks  as  the  1 
Volcano  break  and  the  grahamite  vein  of  solid  petroleum  neai 
a  West  Virginia,  and  the  famous  Findlay  break  in  northwester 
o  well  described  in  several  of  Orton's  reports  as  the  most  proi 
listurbance  in  that  State.  In  the  greatest  number  of  oil  fie 
longation  of  the  different  pools  or  fields,  all  in  one  direction, 
lemonstrates  that  they  are  connected  with  fissuring  and  faulting 

I  believe  it  is  unnecessary  to  prolong  this  discussion  and  to  i 
>r.  V.  Hofer's  remarks  on  the  objections  advanced  by  me  is  mj 
'etroleums  and  Coals,  to  the  theory  of  organic  origm,  as  I  consio 
hese  objections  still  stand  and  have  not  been  sufficiently  an 
dost  of  these  points  are  also  covered  by  my  remarks  in  this  disi 
ir  in  my  new  paper,  read  at  the  same  meeting  of  the  Institute  n 
'.  Hofer's,  and  written  before  I  had  seen  the  latter. 

Peof,  Dr.  H.  von  Hofeb  (communication  to  the  Secretary') 
ated  by  R.  W,  Raymond). — The  remarks  of  Captain  Lucas,  tht 
nan  of  the  Committee,  are  highly  interesting  for  the  geologist  i 
diner  of  saline  deposits;  yet  none  of  the  facts  he  mentions  can  be  n 
a  evidences  of  the  volcanic  origin  of  petroleum.  The  emanatiot 
rom  salt  deposits  has  long  been  known,  as  Mr.Washburne,  in  the 
liscuesion,  has  already  observed.  At  various  places,  in  Galicii 
iczka);  m  the  Alps  (Hallstadt);  and  in  the  German  potash  distr 
!)e3demona  mine  near  Ahlfeld),  natural  gases  in  salt  deposits  ha 
he  cause  of  gas  explosions.  In  the  salt  mine  of  Szlatiua,  H 
latural  gas  was  encountered  in  1783,  and  used  for  several  years 
he  workings.  The  natural  gas  occurring  in  connection  with  i 
leposits  in  the  Chmese  province  of  Sz'tschwan  served  for  cent 
:  source  of  heat. 

Petroleum  also  is  found  in  salt,  though  mostly  only  as  an  im 
ion,  or  in  pockets,  in  the  Carpathians  and  the  salt  deposits  of  n 
lermany.  In  the  latter,  it  has  occurred  sometimes  in  consi 
[uantity.  For  instance,  oil  to  the  value  of  35,000  marks  was  o 
ast  year  from  an  intrusion  of  petroleum  into  the  Hope  salt  mii 
Ichwamsteck.  Yet,  at  the  present  time  rock  salt  and  potai 
ritbout  any  admixture  of  oil,  are  won  at  this  mine.' 

At  all  the  European  localities  above  named,  there  is  no  1 
'olcanie  activity,  and  no  plausible  ground  for  inferring  it. 

During  the  Third  International  Petroleum  Congress,  held  i 
,t  Burcharest,  I  first  proposed,  as  generally  applicable  to  deposit 

♦  Received  Apr.  18,  1914. 

'  Petroleum,  Berlin,  vol.  ix,  p.  981  {1914). 
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troleum  and  natural  gas,  the  "dome  theory,"  which  has  since  received 
manifold  confirmation,  and  has  proved  highly  useful  in  practice.  I  was 
able  at  that  time  to  support  my  new  theory  with  facts  observed  in  three 
continents,  and  showing  without  exception  the  favorable  influence 
of  the  dome-shaped  structural  form.  Most  of  these  cases  oould  be  re-i 
ferred  to  one  type — that  of  a  locally  elevated  anticline.  The  salt  domes 
of  Louisiana  and  Texas  constitute  a  class  by  themselves.  The  cause  of 
their  genesis  has  remained  unknown  hitherto,  and  will  be  difficult  to  dis- 
cover, so  long  as  the  salt  deposits  have  not  been  explored  outside  as  well 
as  inside  of  the  domes.  Captain  Lucas  assumes  a  laccolite,  which  has 
elevated  the  dome;  but  of  this  he  has  no  evidence  to  offer.  If  a  volcanic 
laccolite,  as  such,  were  the  source  of  the  oil  formation,  we  would  naturally 
expect  the  occurrence  of  petroleum  likewise  in  connection  with  other 
laccolites,  such  as  those  of  Utah,  Colorado,  New  Mexico,  Dakota,  etc. 
But  nothing  of  this  kind  is  known,  so  far  as  I  am  aware.  In  fact,  I 
think  that  nothing  at  all  is  yet  known,  as  to  origin  of  these  salt  domes. 
I  can  only  refer  to  the  "Ekzem-hypothesis,"  which  is  becoming  more 
and  more  popular  in  Europe,  as  stating  the  simplest  way  in  which,  under 
the  influence,  perhaps,  of  other  abnormal  genetic  conditions,  these  domes 
may  have  been  formed. 

The  Knapp  boring  proved  conclusively  in  the  dome  the  regular  saUne 
series;  first  (at  the  bottom)  lime;  then  gypsum;  and  then  rock  salt — as 
it  occurs  in  all  such  stratified  saline  deposits.  Hence  it  is  impossible  to 
conceive  a  volcanic  process  for  the  formation  of  the  salt  deposit. 

The  solid  and  tough  rock  reported  at  the  bottom  of  the  abandoned 
bore  hole  was  never  determined,  and  can  therefore  furnish  no  basis  for 
a  hypothesis.  Perhaps  it  may  have  been,  not  even  a  rock,  but  a  piece 
of  iron  which  had  fallen  into  the  hole. 

I  am  sorry  that  I  must  answer  my  friend,  Captiun  Lucas,  by  saying 
that  I  cannot  change  my  mind  according  to  his  suggestion. 

From  Mr.  Coste  I  expected  a  more  detailed  reply,  dealii^,  point  by 
point,  with  my  criticisms.     But  he  has  but  a  few  things  for  remark. 

Regarding  his  comments,  I  would  observe  that  in  a  genetic  question 
it  is  not  a  matter  of  indifference  whether  a  given  gneiss  is,  in  Kosen- 
busch's  Bense,  on  orthogneiss  or  a  paragneiss;  that  is,  whether  it  was 
formed  from  granite,  or  from  a  post-Arehean  sedimentary  rock.  Mr. 
Coste,  for  the  benefit  of  his  volcanic  hypothesis,  makes  the  California 
gneiss  granitic,  whereas  it  is  evidently  sedimentary  in  origin,  and  can 
therefore  furnish  no  evidence  of  the  volcanic  origin  of  petroleum. 

The  origin  of  the  petroleum  found  in  the  quicksilver  deposits  of 
California,  I  leave,  as  I  have  already  said,  to  be  discussed  by  my  American 
colleagues.  I  could  say  it  came  from  some  oil  deposit  not  far  below  the 
place  which  it  now  occupies,  with  as  much  reason  as  Mr.  Coste  has  for 
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laying  it  came  from  great  "volcanic"  depth.  One  ignorant  < 
ivouid  simply  contradict  the  other. 

It  is  notorious  that  in  Mexico  extensive  oil  fields  are  now  1 
prhich  are  far  from  any  volcanic  eruptives. 

The  various  attacks  of  Mr.  Coste  upon  the  theory  of  the  i 
)rigin  of  petroleum  and  natural  gas,  I  leave  unanswered,  unUl  I 
lave  kindly  offered  a  thorough  and  coherent  criticism  of  my  ai^u 
mcb  as  I  made  in  the  interest  of  science,  concerning  his. 


The  Geology  and  Ore  Deposits  of  the  Bully  Hill  Mining  I 
trict,  California 

[Macussion  of  the  paper  of  A.  C.  Botle,  Jr.,  preaented  at  the  New  York  i 
February,  1914,  and  printed  in  BuUetin  No.  85,  January,  1914,  pp.  57  to 

E.  Gybbon  Spilbbohy,  New  York,  N.  Y. — ^There  is  one  point 
Boyle's  paper  on  the  Bully  Hill  Mining  District  which  is  very  inte 
bo  me  as  I  happen  to  have  seen  the  occurrence  myself,  and  was  tl 
to  call  attention  to  its  probable  significance  there;  I  refer  to  thi 
ievelopment  in  the  lower  levels  of  the  mine  of  the  anhydrite  and  g 
deposits,  which  have  been  increasii^  gradually  from  the  700-fl 
iown  to  the  present  bottom,  where  the  deposit  has  obtained  great : 
bude.  The  purity  of  the  deposit  is  remarkable,  and  it  occurs  in  th 
crushed  zone  as  the  pyrite  and  pyritic  lenses,  and  seems  to  have 
jeal  of  influence  on  the  continuance  of  the  ore  below  the  level  w 
Srst  occurred. 

Professor  Winchell  in  his  examination  appeared  to  think  th 
jccurrence  marks  the  bottom  of  the  mineralization,  but  Mr.  Boy 
aot  agree  with  this  conclusion.  I  think  probably  he  is  right,  becaus 
jhere  is  no  sign  of  mineralization  in  the  anhydrite  and  gypsum  bedt 
lelves,  still  there  is  a  persistent  continuance  of  small  seams  alo 
lontact  of  the  gypsum  with  the  andesite  of  the  country  rock,  ai 
juite  probable,  therefore,  that  the  gypsum  will  be  found  to_be  only 
ntrusion  of  limited  depth,  and  that  the  mineralization  aloi^  the  ( 
wiW  be  found  below  that  point.  I  would  Uke  to  ask  whether  ai 
alse  knows  of  any  of  these  copper  deposits  which  have  bottomed  c 
tum  or  anhydrite?  It  is  the  only  occurrence  of  the  kind  that  '. 
;ver  observed. 

G.  A.  Packard,  Boston,  Mass. — The  deposit  of  the  Ludwig  n 
;he  Nevada  Douglas  Co.  in  the  Yerington  mining  district  is  son 
limilar,  as  I  remember  it.  It  has  been  described  by  Mr.  Ransomi 
lince  then  by  A.  F.  Refers.*    There  is  a  difference  of  opinion  In 
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these  two  men  as  to  the  method  of  formation  of  this  gypsum,  whether  or 
not  it  is  the  result  of  the  action  on  the  limestone  of  sulphuric  acid  from 
the  oxidation  of  the  sulphide  ores.  The  deposit  is  pariJy  gypsum  and 
partly  anhydrite,  and  there  is  also  a  question  as  to  which  mineral  is  the 
original  form  and  which  the  result  of  alteration. 

L.C.GRATON,Cambridge,Mass.— -A  few  years  ago,  I  spent  some  time 
in  the  Shasta  county  copper  region  and  found  the  occurrence  of  masses 
of  gypsum  in  the  Bully  Hill  and  Rising  Star  mines  of  particular  interest, 
because  so  unusual.  In  the  body  of  some  of  these  larger  fine-grained 
g3^sum  masses  there  appeared  some  more  coarsely  crystalline  material, 
which,  when  examined  in  microscopic  sections,  proved  to  be  anhydrite. 

As  yet,  I  have  not  had  opportunity  to  read  Mr.  Boyle's  paper  care- 
fully. It  appears,  however,  that  he  is  not  satisfied  as  to  whether  the 
gypsum  was  derived  from  the  anhydrite  or  the  anhydrite  from  the 
gypsum.  Numerous  occurrences  have  of  course  been  described  in  which 
gypsum  has  been  converted  into  anhydrite  by  dehydration.  The  struc- 
tural relations  of  the  material  that  I  collected,  however,  seemed  to  leave 
no  doubt  that  anhydrite  ia  the  original  mineral  and  that  the  gypsum  is 
altering  from  it.* 

This  conclusion  gathers  strength  from  the  fact  that  at  the  Cactus 
mine,  at  Frisco,  Utah,*  that  rather  unusual  type  of  ore  contains  vein- 
lets  and  masses  of  gypsum  in  it,  and  in  the  deeper  levels  the  gypsum 
gives  way  to  anhydrite,  from  which  the  gypsum  is  being  derived.  Large 
masses  of  pinkish  anhydrite  are  to  be  found  associated  with  plentiful 
barite,  a  mineral  that  is  also  present  in  the  Shasta  county  occurrence. 
Since  seeing  these  two  occurrences,  I  am  inclined  to  believe  that  the 
gyi^um  associated  with  gold  in  the  White  Oalcs  district,*  New  Mexico, 
may  likewise  have  been  derived  from  original  anhydrite  gangue  stuff. 
Professor  Lindgren  has  told  me  that  on  a  recent  trip  to  Cuba  he  found 
at  El  Cobre  mines  anhydrite  intergrown  with  sulphides,  and  altering  to 
gypsum.  I  understand,  also,  that  Professor  Palache  has  found  anhydrite 
intergrown  with  prehnite  and  datolite  in  the  traps  of  Meriden,  Conn., 
an  association  that  points  to  an  origin  connected  with  vulcanism,  if  not 
with  ore  deposition. 

The  situation  at  the  Ludwig  mine,  Yerington,  Nev.,  seems  to  be  less 
clear.  The  occurrence  of  gypsum  in  association  with  limestone  on  the 
foot-wall  side  of  a  thick  bed  of  deeply  oxidized  sulphides  su^ested'  that 
the  sulphate  of  lime  might  have  been  produced,  as  in  small  amounts 

■  BuBartn  No.  380,  U.  S.  Otdogiail  Survey,  p.  113  (IflW). 
'  Economic  Otology,  vol.  vii.  No.,  2,  p.  185  (Mar.,  1912). 
'  fl«««H»  No.  430,  V.  S.  Geological  Swoey,  p.  100  {1910}. 

•  lindgren,  W.:  Economic  Geoioc^,  vol.  v.  No.  6,  p.  522  (Sept.,  1910.) 

•  Pro/eMtonoI  Paper  No.  68,  U.  8.  Geoio^tcol  Survey,  p.  181  (1910). 

•  Bansome,  F.  L.:  BvUeHn  No.  380,  U.  8.  Ckotogical  Survey  (1009). 
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in  other  regions,  by  reaction  of  sulphuric  acid  waters  from  the  on 
upon  the  limestone.  Profeaaor  Rogers,^  however,  who  later 
ined  the  mine,  found  that  at  depth  the  gypsum  gave  way  to  anhydri 
be  concludes  that  the  association  of  the  ore  and  the  lime  aulph 
nrholly  accidental.  In  any  event,  it  is  interesting  to  note  that  h 
anhydrite  to  be  the  original  mineral  and  that  gypsum  is  being  d 
from  it. 

With  regard  to  the  significance  of  gypsum  and  anhydrite 
Bully  Hill  district,  I  have  understood  that  the  large  masses  of 
minerals  encountered  in  the  deeper  leveb  have  been  regarded  by  i 
geologists  Eis  unfavorable  occurrences,  indicating  the  likelihood  tb 
3f  commercial  grade  will  not  be  found  in  quantity  at  depths  below 
Dne  may  be  perhaps  a  little  suspicious  of  these  minerals  compari 
imusual  in  ore  occurrences.  But  if  one  grants  that  anhydrite  i 
ihe  pnmary  mineral,  remembers  that  this  calcium  sulphate  and  the  I: 
iulphate,  barite,  are  mineralogic  twins,  so  to  speak,  and  recall 
lot  only  is  barite  common  in  many  ore  deposits,  whether  rich  or  pot 
iccurs  in  intimate  association  with  much  of  the  best  ore  of  the  Bull 
nine,  then  it  is  difficult  to  find  reason  why  the  mere  occurrence  of  a 
julphate  in  this  district  should  be  r^arded  as  either  particularly  fav 
>r  particularly  unfavorable  for  the  persistence  of  ore. 


'  Bamomic  Geology,  vol.  vii.  No.  2,  pp.  185-189  (Mw.,  1912). 
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To  What  Extent  is  Chalcoclte  a  Primaiy,  and  to  what  Extent  a  Secondaiy, 
Mineral  in  Ore  Deports 

A  discuB^on  at  the  New  York  meeting,  February,  1914. 

L.  C.  Graton,  Cambridge,  Mass. — The  subject  of  cbalcocite  ocour- 
reace  and  its  geological  significance  has,  of  course,  a  very  important 
commercial  bearing,  as  shown  by  the  recent  remark  of  a  hard-headed 
mining  man:  "This  secondary  enrichment  business  is  one  thing  you 
geoli^sts  have  put  up  which  we  can  hang  on  to,  and  come  out  right. " 

Most  enrichments  of  copper  ores  depend  upon  the  formation  of 
chalcocite  from  leau«r  sulphides.  Recently  it  has  been  shown  tiiat  not 
only  does  there  exist  this  secondary  or  derived  chalcocite,  but  that  in 
certain  ores  the  mineral  is  present  as  an  initial  or  original  constituent, 
which  therefore  we  may  call  primary.  The  desirability  of  distinguishing 
between  these  two  kinds  of  cbalcocite  is  evident  and  has  recently  been 
emphasized.  That  constitutes  the  first  problem  in  this  connection.  I 
believe  many  who  are  working  upon  secondary  enrichment  of  mineral 
deposits  are  giving  much  attention  to  that  particular  question. 

It  is  now  possible  to  distinguish  primary  from  secondary  chalcocite 
in  many  cases.  In  such  casee,  what  do  we  know  of  the  conditions  under 
which  this  secondary  or  derived  chalcocite  was  formed?  This  is  the 
second  main  question  in  connection  with  the  subject.  It  is  now  plain, 
at  least  in  many  instances,  that  the  formation  of  this  derived  chalcocite 
represents  a  phase  of  oxidation  if  we  have  in  mind  the  primary  ore  as  the 
thing  acted  upon.  The  next  important  question — and  it  is  most  import- 
ant— is:  does  such  oxidation  go  on  above  the  zone  where  the  rocks  are 
saturated  with  water — that  is,  above  the  water  level — or  below,  or  indis- 
criminately above  and  below? 

Many  of  you  have,  or  have  had,  opportunities  to  study  at  first  hand, 
day  after  day,  occurrences  that  enable  valuable  conclusions  to  be  drawn 
upon  these  and  other  important  questions  concerning  the  formation  and 
significance  of  chalcocite.  It  is  greatly  to  be  hoped  that  your  testimony 
will  be  made  available  and  undoubtedly,  it  will  go  far  toward  clearing  up 
some  of  these  doubtful  points. 

John  D.  Ikving,  New  Haven,  Conn. — A  short  time  before  this  meet- 
ing was  called,  H.  V.  Winchell,  who  was  unable  to  be  present,  requested 
me  to  exhibit  and  describe  these  two  samples  of  pyrite.  (Exhibiting 
specimens.)  They  consist  of  fragments  of  pyrite  inclosed  in  two  small 
bottles.  The  first  bottle  shows  fragments  of  pyrite  which  were  immersed 
in  water  carrying  copper  sulphate  but  without  SOj  for  a  period  of  two 
years.  They  remuned  comparatively  clear  and  bright.  No  chalcocite 
has  been  deposited  on  them.    The  second  tiottle  shows  fragments  of 
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pyrite  which  were  immersed  in  a  solution  in  every  way  similar  exee\ 
it  was  saturated  with  SOi-  Immersion  was  for  a  period  of  one  yea: 
removing  the  pyrite  it  was  found  to  be  coated  with  gray  metallic  < 
cite.  The  coating  covers  all  parts  of  the  pyrite  grains,  so  that  unl 
gruns  are  broken  or  scratched  they  appear  to  be  solid  chalcocite. 
Members  of  the  Institute  may  recall  that  in  1903  Mr.  Winche 
tributed  an  article^  in  which  he  described  certain  experiments  in  tl 
cipitation  of  chalcocite  by  pyrite  from  mine  waters.  The  ape 
which  have  been  exhibited  are  those  of  the  pyrite  which  was  used 
or^nal  experiments  described  by  Mr.  Winchell.  The  portion 
paper  which  deals  with  these  experiments  is  found  on  pages  272  to 
the  article  above  mentioned.  In  order  that  the  meaning  of  the  spe< 
may  be  clear  to  the  members  the  following  paragraphs  are  quote< 
Mr.  Winchell's  paper: 

"Artificial  Formation  oj  Chalcocile" 

"After  conBidering  tbe  geological  history  and  pbyeical  structure  of  tb 
depositB,  the  writer  came  to  the  conoluBion  aome  three  jears  ago  that  the 
glance  was  formed  by  a  chemical  reaction  between  copper  Bulphate  in  aolv 
descending  waters  and  the  iron  pyrites  and  other  primary  sulphide  minera 
below.  In  order  to  ascertain  the  truth  or  falsity  of  this  theory,  laboratory 
mente  were  undertaken  by  tbe  writer  and  carried  on  by  Meeers.  S.  J.  Gonoly  ar 
Tolman  in  the  laboratories  of  the  Anaconda  Copper  Mining  Company. 

"The  first  experiments  were  conducted  with  a  relatively  small  amount  a 
ferous  pyrite  and  a  dilute  solution  of  copper  Bulphat«.  The  results,  as  reporte 
the  formation  first  of  SOiand  then  of  H^Oi;  the  solution  of  both  copper  and  ii 
the  precipitation  of  the  iron  as  ferric  bydrat«,  and  tbe  formation  of  copper  si 

"AualyseB  of  the  mine  waters  showed  no  ferrous  salt  in  tbe  strong  coppei 
but  disclosed  the  presenoe  of  quantities  of  cuprous  salts,  in  acid  solution. 

"Tbe  experiments  repeatedly  showed  that  SOj  is  formed  by  the  action  ol 
and  chalcopyrite  upon  CuSOi,  and  that  tbe  SOj  reduces  some  of  the  copper  ion 
CuSoi  to  tbe  cuprous  form.  According  to  theoretical  chemistry,  a  relatively  in 
oompoiind  may  be  predpitated  by  very  small  amounts  of  a  salt  containing  ow 
ions  of  the  insoluble  compound,  if  a  large  amount  of  the  salt  containing  the  ol 
is  present.  To  test  this,  a  solution  of  copper  sulphate  was  treated  with  the  eu 
of  arsenic,  lead,  copper,  iron,  sine,  and  with  pyrite;  and  in  each  case  copper  s 
was  precipitated,  proving  that  these  sulphides  may  precipitate  copper  sulphid' 
a  solution  of  a  copper  salt.  It  is  probable  also  that  the  more  insoluble  the  | 
tating  sulphide,  the  more  concentrated  must  be  the  solution  of  copper  sulpha 

"To  produce  a  solution  containing  cuprous  ions,  the  above  mentioned  hu 
were  treated  with  a  solution  of  copper  sulphate  (CuSOt)  and  S0|,  and  piec 
were  formed  in  each  instance.  An  analyaiB  of  the  precipitate  formed  by 
sulphide  showed  a  precipitation  of  12  per  cent,  of  the  weight  of  the  original 
CuiS,  indicating  the  formation  of  chalcocite  under  tbeee  conditions. 

>  Syntheeia  of  Chalcocite  and  Its  Genesis  at  Butte,  Montana.  BtiUtiiv 
Ot<dofitml  Society  of  America,  vol.  xiv,  pp.  269  to  276  (1902);  also  Ettffiiteri 
Mining  Journal,  vol.  boziv,  No.  23,  pp.  1067  to  1070  (Dec.  7,  1907). 
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"It  was  not  ascertained  whether  the  iroD  saltawill  reduce  enough  copper  to  form 
Cui3  in  presence  of  pyritc  or  other  sulphides,  or  whether  the  SOi  formed  by  solution 
of  the  pyrite  &nd  other  sulphides  is  the  active  agent. 

"Knowing  full  well  that  it  might  be  urged  that  the  formation  of  a  precipitate  of  a 
certain  chemical  composition  is  quite  a  different  matter  from  the  production  of  a 
mineral  having  the  same  compoaition,tbe  experiment  now  about  to  be  briefly  described 
f/ae  undertaken  and  carried  to  completion  with  exceedingly  gratifying  and  satisfactoty 
results. 

"In  a  slightly  acid  aohition  containing  sulphurous  anhydride  (S0|)  was  digested 
pyrit«  (FeSi)  at  ordinary  t«mperature  and  pressure  for  three  months.  The  pyrite 
taken  was  ordinary  'Jig  concentrates,*  about  one-{ourth  of  an  inch  in  diametw,  from 
the  Parrot  concentrator  at  Butte,  and  of  the  following  composition: 

SO, 8.30 

CaO Trace 

MqO None 

Fe 41.20 

Cu 1.60 

Zn 0.20 

S 48.70 

99.90 
"Dividng  these  results  by  the  molecular  weights,  the  molecular  constitution  is 
represented  as  follows: 

Fe 0.736 

Cu 0.024 

Zn 0.003 

S 1.622 

"After  standing  for  three  months  in  an  ordinarily  well  lighted  room,  inclosed  in  a 
sealed  jar  to  exclude  the  atmosphere,  the  formerly  yellow  grains  of  pyrite  were  com- 
pletely plated  with  a  solid  coating  of  a  dark  blue-black  mineral,  and  so  closely  resemble 
grains  of  solid  chalcocite  that  they  can  only  be  distinguished  from  the  latter  by  break- 
ing them  open,  whilf  inanotherjarwhich  stood  alongside,  similarly  sealed  and  exposed 
to  light  and  ordinary  temperature,  containing  pyrite  and  copper  sulphate  solution 
(but  no  SOi),  the  grains  of  pyrite  were  just  ss  bright  and  yellow  as  before  they  were 
immersed.  Indeed,  there  has  been  no  visible  alteration  on  the  surface  of  grains  which 
have  now  been  thus  immersed  in  copper  sulphate  without  SOi  for  two  years,  while  in 
an  adjacent  jar  containing  SOj  there  has  been  formed  what  appears  to  be,  and  un- 
doubtedly is,  a  fine  coating  of  chalcocite. 

"From  the  first  jar  there  were  taken  some  of  the  larger  grains  for  analyses,  with 
results  as  follows: 

SiO, 9.60 

CaO 

MnO 

Fe 40.10 

Cu 3.60 

Zn 

8 43.60 


CaO,  Mno  and  Zn  not  detennioed 
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"The  molecular  constitutioD  ia  now  Fe,  0.716;  Cu,  0.057,  and  S,  1.448. 
ore  .016  equivalents  of  sulphur  left  over  (after  calculating  the  iron  aa  FeSt) 
with  the  copper.  The  exact  theoretical  amount  to  form  CutS  is  .014,  and  the 
EulpbuT  may  be  combined  with  tine,  lime,  or  manganese.  That  the  mineral 
thus  formed  on  the  jig-concentrates  is  clearly  chalcodte  can  not  be  doubtet 
mere  inspection  of  the  samples  and  comparison  with  ore  from  the  mines." 

So  much  has  been  said  in  discussions  on  secondary  chalcocite  ci 
ing  the  prevalence  of  a  black  powder,  or  what  is  commonly  kn 
"sooty  chalcocite,"  that  Mr.  Winchell  desires  to  call  the  attentior 
members  to  the  fact  that  the  chalcocite  secured  in  his  experimet 
not  of  the  sooty  variety,  but  rather  of  the  usual  gray  variety  with  c 
luster.  It  forms,  as  may  be  seen  in  the  sample  which  stood  for 
time  in  water  carrying  an  excess  of  SOi,  a  thin,  glistening,  grayish  < 
on  the  outside  of  the  pyrite  and  bears  no  resemblance  to  the  usual 
black"  variety. 

While  the  "  sooty"  type  is  therefore  to  be  considered  as  seconds 
gray  massive  variety  may  likewise  originate  in  the  same  manner. 

Thomas  T.  Read,  New  York,  N.  Y. — In  1905  I  did  some  expt 
tal  work  along  much  the  same  lines  as  that  which  Mr.Winchell  ha 
because  it  was  so  obviously  of  great  significance,  and  found  tl 
presence  of  SOjwaa  apparently  exceedingly  effective  in  bringing  six 
condition.  The  action  was  not  at  all  marked  in  the  absence  of  S< 
where  the  SOi  was  present  it  was  very  marked. 

A  difficulty  in  drawing  conclusions  from  this  fact,  however, 
W.  H.  Emmons  reports  that  he  has  been  unable  to  detect  the  pres 
SOi  in  mine  waters.  Geologists  commonly  regard  SOjasareducin^ 
possibly  because  SOi  is  the  agent  in  which  we  used  to  reduce  gol 
ride  in  the  laboratory,  in  order  to  precipitate  gold.  But  SO* 
viously,  exceedingly  rich  in  oxygen,  and  toward  FeSt  might  act  as : 
strong  oxidizing  agent.  That  induced  me,  at  that  time,  in  a  pap 
sented  to  the  Institute,  to  suggest  that  the  action  of  copper  sulpl 
the  sulphides  is  ascribable  to  ordinary  oxidation  and  that  sec 
sulphides  might  be  considered  to  be  oxidation  products,  just  as, 
ample,  in  the  copper  converter,  from  a  sulphide  which  is  quite 
copper  you  can,  by  oxidation,  get  one  which  is  high  in  copper 
rich  sulphides  of  copper  may  be  and  in  some  cases  doubtless  ( 
simply  to  the  effects  of  oxidation  on  lean  sulphides. 

L.  C.  Graton.— In  connection  with  the  synthetic  production  ( 
cocite,  it  may  be  pointed  out  that  results  like  those  in  which  I 
Winchell  and  Reed  produced  coatii^s  on  the  primary  sulphid 
indeed  positive,  but  that  n^ative  results,  such  as  their  failure  to 
such  reactions  without  the  presence  of  SOi,  cannot  be  relied  upo 
entire  safety  as  indicating  that  in  nature  some  reducing  agent  like 
required  for  the  operation  of  the  secondary  enrichment  process 
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function  of  time  in  a  process  of  this  sort  as  carried  on  in  nature  must  be 
given  due  consideration  and  it  may  veiy  well  be  that  a  chemical  reaction 
which  exhibits  no  measurable  piogr^sB  during  a  period  of  a  few  weeks  or 
months  or  years  might  advance  to  a  very  important  degree  in  the  course 
of  a  short  time  as  measured  in  geolo^c  units. 

It  is  of  interest  to  note  tliat  the  chemists  of  the  Geophysical  Labora- 
tory of  the  Carnegie  Institution  in  Washington,  who  have  been  at  work 
for  something  over  a  year  on  the  general  problem  of  the  copper  sulphides, 
h&ve  sought  to  steam  up  or  intensify  the  processes  of  nature  by  agitation 
and  by  increased  temperatures  but  without  increasii^  the  concentration 
of  the  solutions  over  those  of  the  natural  rei^nte.  Under  these  circum- 
stances it  is  possible  to  produce  meastuable  results  in  probably  much 
shorter  time  than  nature  would  have  reqiured.  The  particular  point  of 
interest  in  this  connection  is  that  by  treating  pure  pyrite  with  a  dilute 
acidified  solution  (tf  cupric  sulphate,  they  have  been  able  to  secure  coat- 
ings of  a  substance  which  both  chemical  and  microscopic  analysis  shows 
to  be  actually  chalcocite — and  this  without  the  intervention  of  any  reduc- 
ing agent,  or  at  least  any  other  reducing  agent  than  the  original  sulphur- 
rich  sulphide,  itself — viz.,  pyrite. 

Professor  Kemp,  I  believe,  was  the  first  to  surest  that  the  excess 
sulphur  in  the  mineral  attacked,  such  as  pyrite,  pyrrbotite,  etc.,  might  be 
responsible  for  the  evident  reduction  of  the  copper  sulphate  to  sulphide. 
If  one  grants  that  the  copper  to  produce  enrichment  has  come  from  over- 
lying portions  in  the  form  of  sulphate,  its  ultimate  precipitation  as  sul- 
phide can  be  brought  about  in  no  other  way  then  by  chemical  reduc- 
tion, if  one  has  in  mind  the  copper  so  precipitated;  if,  on  the  other  hand, 
one  thinks  of  the  primary  sulphides  acted  upon,  the  process  is  one  of 
oxidation. 

The  axiomatic  fact  that  no  oxidation  can  take  place  without  equal 
reduction  appears  to  have  been  temporarily  overlooked  by  some  in  the 
discussion  of  this  subject.  The  secondary  deposition  of  chalcocite,  there- 
fore, may  be  called  the  result  of  either  oxidation  or  reduction,  depending 
on  the  viewpoint.  But  since  the  ultimate  reagents  involved  are  the  at- 
mosphere and  the  original  primary  sulphides,  and  since  we  are  accustomed 
to  think  of  the  chaises  experienced  by  the  latter  rather  than  by  the  for- 
mer, it  follows  that  the  development  of  chalcocite  as  an  intermediate 
step  in  the  reaction  may  most  naturally  be  regarded  as  due  to  oxidation. 

Another  topic  has  been  mentioned  upon  which  I  should  like  to  say  a 
word,  and  that  is  the  matter  of  sooty  chalcocite.  My  experience  to  date 
leads  to  the  belief  that  sooty  chalcocite  may  as  well  be  produced  from 
primary  chalcocite  as  from  secondary  chalcocite,  provided  it  comes 
within  the  reach  of  the  oxidizing,  diuntegrating  infiuencesnear  the  surface. 
The  original  precipitation  or  b^^nings  of  precipitation  of  secondary 
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chalcocite  upon  pyrite,  as  may  be  best  studied  in  the  case  of  a 
pyrite  crystal  undergoii^  conversion  to  chalcocite  at  its  surface,  p 
a  coating  that  always,  so  far  as  I  have  observed,  is  of  dense,  : 
chalcocite — the  steely  chalcocite  or  glance  of  the  miner;  and  so 
chalcocite  continues  to  form,  it  is  of  this  massive,  steely  varie 
however,  the  conditions  favoring  the  deposition  of  chalcocite  ce 
oxidation  or  solution  of  the  chalcocite  begins  to  ensue,  then  aroi 
edges  of  the  individual  chalcocite  grains  decomposition  or  solution  i 
the  individual  grains  are  reduced  in  size,  and  the  whole  mass  t 
lusterless  and  incoherent,  just  as  a  cake  of  ice  becomes  dull  and  c 
when  left  in  the  sun.  This  dull,  friable,  decomposing,  and  disintf 
material  is,  in  reality,  the  so-called  "sooty"  chalcocite. 

In  the  paper  on  the  New  London  mine,  Maryland,  now  offc 
publication  in  the  Institute  records  by  B.  S.  Butler  and  H.  D.  Mc< 
of  the  U.  S,  Geological  Survey,  it  is  interesting  to  note  that  they  f 
mary  chalcocite  and  bomite  associated  in  a  manner  similar  in  all  e: 
respects  to  that  now  known  at  various  places  in  the  Piedmont  ] 
r^ion.  This  reference  perhaps  affords  an  opportune  occasion  to 
certain  conclusions  regarding  primary  chalcocite  stated  by  Mr.  M 
and  myself  at  the  meeting  a  year  ago.  In  one  instance  was  de 
what  we  regarded  as  primary  chalcocite  in  the  ores  of  Bisbee. 
was  but  little  of  the  mineral  present  in  the  material  we  studied,  bu 
time  the  evidence  seemed  satisfactory.  Since  then,  in  that  ic 
material,  we  have  found  in  the  chalcocite  exceedingly  minute  resi 
bornite  distributed  in  such  fashion  and  showing  such  character  as  t 
practically  no  doubt  that  the  chalcocite  had  been  derived  from  l 
that  it  was,  therefore,  secondary  and  not  primary,  and  presumal 
been  produced  in  the  ordinary  course  of  enrichment.  We  also  sta 
belief  that  the  chalcocite  of  the  Bonanza  mine,  in  Alaska,  is  primar 
ia,  the  result  of  initial  deposition.  Very  recently,  in  going  over  tt 
material  upon  which  we  reached  that  conclusion,  we  find  there  i 
ceedingly  minute  and  possibly  doubtfully  identified  bornite,  but  su 
to  raise  the  same  doubt  as  to  the  character  of  the  chalcocite,  ai 
doubt  13  somewhat  strengthened  by  the  finding,  in  material  take 
about  the  deepest  workings  of  that  mine,  bornite  in  conaiderabh 
dance,  altering  to  chalcocite  and  chalcocite-pyrite,  with  smaller  ai 
of  some  other  minerals.  So  our  minds  are  very  much  unsettled  aa 
nature  of  the  Bonanza  chalcocite,  and  we  are  a  little  inclined  to  fe; 
our  earlier  conclusion  regarding  it  may  be  erroneous. 

F.  L.  Ransome,  Washington,  D.  C. — I  wish  to  express  my  agn 

with  Professor  Graton  that  much  of  the  sc^-called  sooty  cbalcod 

disintegration  product  of  the  ordinary  chalcocite  with  bright  n 

luster;  but  some  caution  should  be  exercbed  in  the  interpretation 

'Tr«i8.,jdv,  26(1913). 
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term  "sooty  chalcocite"  as  found  in  literature.  In  a  mass  of  fine^^ned 
friable  pyrite  that  has  undergone  partial  change  to  chalcocite,  each  grair 
is  coated  with  chalcocite  and  each  little  coating,  examined  microecopically, 
may  be  lustrous  dense  chalcocite.  Yet  the  general  appearance  of  the 
whole  is  that  of  a  dull  black,  friable  material.  Much  of  the  sooty  chal- 
cocite referred  to  in  literature  is  material  of  this  sort. 

Waldemab  Ljnixirbn,  Boston,  Mass. — I  want  to  say  that  we  are 
accumulating  new  observations  so  fast  we  are  in  danger  of  foi^etting 
some  of  the  old  ones.  The  other  day  I  came  across  something  I  suppose 
every  mineralogist  knows  perfectly  well,  and  that  I  think  most  mining 
geologists  have  forgotten — although  they  knew  it  at  one  time — and  that 
is  that  beautiful  crystalline  chalcocite  occurred  at  the  Bristol  mine,  in 
Connecticut,  formerly  the  greatest  producer  in  the  United  States — that  is 
also  news  to  you.  Specimens  of  these  ores  which  are  in  the  Massachu- 
setts Institute  of  Technology,  and  I  suppose  they  are  in  other  places,  show 
perfectly  clearly,  as  far  as  my  examination  has  gone,  primary  chalcocite 
in  beautiful  crystals,  and  primary  beyond  any  reasonable  question. 

In  the  hunt  for  primary  chalcocitea  that  occurrence  seems  to  be  over- 
looked, and  I  thought  I  would  call  attention  to  it,  in  case  it  should  happen 
that  anybody  knows  anything  about  the  occurrence,  who  has  studied  it. 
I  think  it  is,  except  the  crystals  from  Cornwall,  of  which  I  do  not  know 
much  personally,  the  most  beautiful  and  sharply  crystallized  chalcocite 
that  has  ever  been  found. 

James  F.  Kehp,  New  York,  N.  Y. — At  the  meeting  of  the  Geological 
Society  this  winter,  in  Princeton,  Professor  Van  Hise,  of  the  Chase 
Scientific  School,  exhibited  some  crystals  of  bomite  that  only  two  or  three 
of  us  had  ever  seen,  and  they  also  came  from  the  Priestly  mine,  in  Con- 
necticut. I  do  not  know  whether  we  are  justified  in  sayii^  that  there  is  an 
association  of  bomite  and  chalcocite,  just  at  the  moment,  but  this  asso- 
ciation seemed  to  hold  good.  Bornite  is  a  rare  thing  to  find  in  crystals, 
although  common  enough  in  mass  form.  Chalcocite,  likewise,  we  seldom 
get  in  crystals,  but  the  forms  that  were  obtained  from  Priestly,  Conn., 
were  mentioned  in  the  earlier  minerEilogy  of  this  country,  as  to  the  forms 
of  chalcocite.  It  would  be  interesting  if  Professor  Ransome  can  develop 
some  new  matter  from  these  old  forgotten  sources  of  copper. 
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The  Oil  Shales  of  Elko,  Ne?. 

(A  DiscuBsioD  at  the  New  York  meeting,  Febniary,  1914) 

R.  M.  Catlin,  Franklin  Furnace,  N.  J. — I  hardly  think  th 
"oil  shale"  is  strictly  applicable  to  this  deposit.  It  is  a  small 
far  as  I  know,  extending,  perhaps,  for  half  a  mile  northerly  and  soi 
and  there  are  five  outcrops.  I  think  instead  of  being  an  oil  si 
comparable  with  the  Scotch  shale,  it  should  be  more  properly  ( 
saturation.  There  is  a  core  or  a  sheet  of  rhyolite,  which  shows  c 
of  oil,  and  on  either  side  are  bands  of  shale,  but  differing  in 
Scotch  shale  in  that  it  is  largely  saturated  with  paraffin  wax, 
occurs  as  a  mixtiue,  and  not  in  the  form  known  in  Scotland  as  "  kei 
This  leads  one  to  the  supposition  that  in  geological  ages  past  thi 
an  oil  spring  there,  and  when  the  shale  became  saturated  and  th 
became  clogged  with  wax,  the  oil  found  other  exits,  so  that  no  i 
is  now  found  there;  though  at  various  times  bore  holes  have  b€ 
down,  neither  oil  nor  gas  is  found.  There  are  numerous  thermal 
through  that  region,  probably  coming  from  great  depths,  crosei 
strata,  and  any  fluid  oil  in  the  strata  would  probably  have  loni 
escaped.  On  top  of  the  rhyolite  seam  (which  is  about  12^  ft. 
lies  some  24  ft.  of  oil  shale  seams,  separated  by  seams  of  what  the 
call  "blaes."  This  shale  is  of  low  grade,  yielding  not  more  thai 
12  per  cent,  by  we^ht  of  oil.  Below  the  rhyolite,  the  shale  b 
and  more  massive,  S  or  10  ft.  thick,  and  yields  25  to  30  per  cent, 
of  which  30  to  40  per  cent,  is  wax.  It  apparently  contains  no  tan 
very  easily  refined. 

F.  M.  Anderson,  New  York,  N.  Y.— -These  shales  have  b* 
scribed  as  dense  and  compact  shales.  A  few  years  ago  the  Depa 
of  Chemistry  in  the  University  of  California  got  very  much  int 
in  these  shales,  and  they  got  samples  and  experimented  with 
Dr.  O'Neill,  who  was  cbiefly  interested  in  the  experiment,  took  u 
the  laboratory  to  show  me  what  he  was  doing.  He  was  putting  thi 
retort,  and  retorting  off  oil,  and  he  made  the  statement  to  me  that 
tried  various  solvents  of  bitumen  on  these  shales — chloroform, 
and  other  solvents^ — an^  he  was  unable  to  obtain  or  detect  any  bi' 
and  yet  by  putting  them  into  the  retort  he  could  get  13  per  cent,  by 
of  light  oil.  He  asked  me  what  I  thought  of  it,  and  what  I  su 
might  be  the  origin  of  the  oil.  I  had  a  little  lens  In  my  i>ocket  an 
amined  the  shales  and  found  them  to  be  a  mass  of  orgEinic  matter, 
known  to  live  in  fresh  water.  I  showed  them  to  him,  and  he  w( 
much  interested.  I  have  seen  the  same  thing  in  southeaste) 
southwestern  Wyoming,  and  in  the  Green  River  shales. 

The  volcanic  matter  associated  with  the  shales  in  both  insta 
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volcanic  ash.  It  seems  to  have  buried  organic  remains,  such  as  fish 
and  many  freah  water  oatracops  and  Crustacea;  and  the  organic  content 
of  these  shales  forms  a  large  percentage.  I  do  not  know  exactly  the 
amount,  but  the  examination  I  made  of  the  Elko  shale  left  the  impression 
that  probably  75  per  cent,  of  the  weight  of  the  shale  was  of  organic  origin. 

Edobne  Coste,  Toronto,  Canada. — The  shales  of  Elko,  Nev.,  may 
be  composed  not  only  of  75  per  cent,  but  of  95  per  cent,  of  the  hard  re- 
mains or  shells  of  organisms,  and  yet  for  all  that  there  might  never  have 
been  entombed  in  these  shales  any  of  the  soft  carbon,  or  really  organic 
tissues,  of  these  oi^anisms,  whether  vegetable  or  animal. 

Organic  chemistry,  so  called,  is  the  chemistry  of  carbon  compounds, 
and  on  that  account  I  think  the  words  organic  and  carbon  are  con- 
stantly  mixed  up  one  for  the  other  and  used  interchangeably,  as  well  as 
the  words  bituminous  and  organic,  but  one  cannot  settle  the  problem 
of  the  origin  of  bitumens  or  oils  or  petroleums  by  just  playing  on  words 
and  simply  admitting  that  organic  is  synonymous  with  carbon  or  bitumen. 

Now,  Mr.  Anderson  pays  that  he  examined  with  his  lens  specimens 
of  these  shales,  and  found  them  to  be  composed  mostly  of  hard  skeletons 
of  shells.  Well,  that  is  hardly  organic.  It  is  either  silica  or  limestone; 
it  is  only  the  house,  as  it  were,  of  the  organism,  not  the  organism  itself. 
I  have  here  a  little  quartz  crystal,  inside  of  which  one  can  examine  with 
a  lens  a  globule  of  oil.  Dr.  Ledoux  gave  me  this  one  day,  and  it  is 
much  more  a  proof  of  the  inorganic  origin  of  oil  than  shales  formed  of 
the  detritus  of  the  hard  parts  of  organisms  and  containing  some  oil  are  a 
proof  of  organic  origin,  as  the  oil  might  easily  have  filtrated  from  inorganic 
sources  into  the  shales  after  their  deposition,  but  could  not  be  found 
inside  of  the  quartz  crystal  if  from  organic  source.  But  to  solve  the 
problem  of  the  origin  of  petroleums  one  really  must  look  not  at  the  oil  in 
a.  little  piece  of  shale,  or  in  a  quartz  crystal,  but  at  the  petroleum  deposits 
ail  over  the  world,  in  Pennsylvania,  Texas,  Colorado,  California,  Russia, 
Roumania,  Java,  Borneo,  etc.,  and  he  must  be  able  to  explain  the  dif- 
ferent phenomena  connected  with  all  these  deposits,  before  he  can  draw 
conclusions  as  to  the  origin. 

Now,  going  back  to  those  shales :  Mr.  Catlin  says  that  they  are  some- 
what different  from  the  Scotch  shales  in  the  way  they  contain  the 
petroleums.  I  do  not  agree  with  him  in  that.  The  Scotch  shales,  con- 
taining the  kerogen  or  petroleum,  are  located  in  Midlothian,  near  Edin- 
burgh. They  are  intruded  there  with  volcanic  rocks,  as  are  the  Elko 
shales  in  Nevada.  In  Midlothian  where  the  oil  shales  are  mined  there 
are  some  35  masses  of  volcanic  rocks  intruding  through  the  shales,  as 
shown  on  the  geological  map  of  Henry  M.  Cadell  accompanying  his  paper 
on  the  district  (Trans,  of  the  I.  of  M.  E.,  vol.  xxii),  and  not  only  the 
shales  near  the  volcanics  are  impregnanted  with  petroleum  in  that 
district,  but  right  in  the  volcanic  rocks  at  a  number  of  places  a  wax  is 


.coy  Google 


1404  THH  OIL  SHALES  OF  BLKB,  NBT. 

also  found  with  the  composition  of  ozokerite,  viz.,  14  per  cent,  hydrogen 
and  84  per  cent,  carbon;  very  much  the  same  as  the  composition  of  the 
wax  from  Galicia,  which  is  mined  there  largely  and  found  in  vertical  veins. 
Some  of  the  defenders  of  the  oi^anic  theory  attribute  the  wax,  or  other 
petroleums  found  in  igneous  or  volcanic  rocks,  to  the  fact  that  the  hot 
volcanica  distilled  the  pre-existing  bituminous  matter  in  the  shales  or 
other  surrounding  rocks  into  vugs  or  cavities  of  the  volcanic  rock.  Now, 
distillation  means  driving  away  of  gases  and  vapors,  and  therefore  how 
can  the  hot  volcanic  rocks  distill  these  vapors  away  into  themselves? 
That  is  another  of  the  upside-down  views  which  are  being  taken  by  some 
on  this  question.  It  is  like  putting  some  oil  on  the  lid  of  a  hot  stove,  and 
then  looking  for  the  distillates  inside  of  that  Ud,  In  the  Midlothian 
oil-shale  fields  of  Scotland,  as  well  as  in  the  Elko  field  of  Nevada,  the  shales 
are  impregnated  with  petroleum  in  local  spots  only  fwhere  the  volcanic 
rocks  are)  and  not  all  over.  In  speaking  of  this  feature  Mr.  Cadell  in 
his  paper  before  cited  shows  that  although  the  oil-shale  measures  of 
Scotland,  called  calciferous  sandstone  series  and  3,000  ft.  thick,  are  well 
developed  in  other  parts  of  Scotland,  they  have  not  yielded  any  oil  shale 
outside  of  the  Midlothian  area,  which  was  subjected  to  intense  vulcanism 
after  the  deposition  of  the  rocks  of  that  series.  The  connection  of  the 
petroleum  with  the  volcanics  Is  therefore  apparent,  even  is  the  oil-shale 
fields  of  Scotland- 
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Noiseless. 


Full  inlomuitloii  upon  request 


IINOERSOLL-RAIND  COMPANY 

NEW  YORK       ornc»  th«  wtm  ov«r  LONDON 

ROCK  DIULLS  HAHHBR  DRILLS  CORE  DRILLS 

t-C. 

.,.„,Gooyl^ 
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The 
Development 

of  Storage  Battery  Locomotives 
[or  use  in  mines  dates  [rem 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

1 65  Lakeside  Avenue>  Orange^  N.  J. 


.„Googlc 
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The   SktsBn   of   die   CuneFOn— "Cturacter:   The    Grandeet    TtUog" 

CAMERON   PUMPS 

Can  be  depended  upon 
at  critical  times 

You  pay-  more  for  a  Cameron 
Pump  than  for  an  ordinary  pump, 
as  you  get  more  service,  reliability 
and  efficiency.  The  Cameron 
Pump  can  be  depended  upon  not 
only  for  the  ordinary  work,  but 
when  the  strain  comes  at  critical 
times.  The  call  for  extra  strength 
and  reliability  is  promptly  met  by 
the  Cameron  Pump. 

These  qualities  are  vitally  neces- 
sary in  a  sinking  pump.  The 
Cameron  Vertical  Plunger  Pump 
(illustrated)  has  fewer  working 
parts  than  other  steam  pumps,  and 
they  are  made  stronger,  more  dur- 
able, more  prepared  to  stand  the 
strain. 

The  purchase  of  a  Cameron  means  years  of  satisfaction. 

BvOelin  No.  103  telfa  tAe  story-It't  free. 

A.  S.  Cameron  Steam  Pump  Works 

1 1  Broadway,  New  York  Offices  the  world  over 

Digitizecy  Google 
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Institute  Transacrions  at  Reduced  Prices 
A  Complete  Set  of  46  Volumes  for  $25 

FOR  the  first  time  in  many  years  the  Institute  is  able  to  offer 
complete  sets  of  back  TRANSACTIONS  at  moderate  prices. 
Volume  X.,  which  because  of  its  rarity  has  sold  for  $25  per 
copy,  is  to  be  reproduced  and  we  are  now  able  to  furnish  to  Members, 
Libraries  and  Educational  Institutions,  the  full  set  of  44  volumes,  to- 
gether with  the  two  Index  Volumes  for  $25,  in  paper  covers,  or  $61 
bound  in  half-morocco.     The  complete  schedule  of  prices  follows: 

I .    Volumes  I. — XLI V.  inclusive,  and  Indexes  for  Volumes 

I.— XXXV.  and  XXXVI.— XL. »6i  $35 

II.  'Any  30  Volumes,  including  Vol.  IX.  and  X.    -    -    -  48  ao 

III.  fAny  20  Volumes,  including  Vol.  IX.  and  X.    ■    -    -  35  iS 

IV.  JAny  10  Volumes,  including  Vol.  IX.  and  X.    -    -    -  30  10 
V.     Any  5  Volumes,  except  Vol.  IX.  and  X,      -     -     -     -  9  4 

VI.     Volume  IX.  and  reproduction  of  Vol.  X.,  per  volume        6  5 

VH.    Volume  X.     First  edition as 

Ottk 

VIII.    Index  for  Vol.  I.— XXXV. 6  5 

IX.    Indeifor  Vol.  XXXVI.— XL. a.so       1.50 

•Or  a8  volumes  and  two  indexes;  for  i8  volumes  and  two  indexes;  (or  8 
volumes  and  two  indexes. 

All  above  prices  f.  o.  b.  New  York,  N.  Y. 

When  the  number  of  copies  of  any  volume  is  reduced  to  50,  the  price  of 
that  volume  will  rise. 

Make  checks  payable  to  American  Institute  of  Mining  Engineers.  For- 
eign members  are  requested  to  remit  exchange  on  New  York  City  and  not 
personal  checks. 

AMERICAN   INSTITUTE   OF   MINING  ENGINEERS 
29  W^est  39th  Street,  New  York,  N.  Y. 


(«)  DigmzecDy  Google 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

These  inatrumub  are  of  tbe  wnw  itudird  qul^  and  poewH 
tlie  »tmt  f eataret  of  dnralHlity  uid  worfanMiihip  «•  die  welt 
kaewD  Weston  studard  D.  C.  iiutmmeiits.  Tkey  are  so  lew 
n  price  as  to  be  within  die  reach  of  all  nscrs  oi  electrical 
MeassrtBf  instmineiits. 

Weston  A.  C.  instruments  are — 

DeadBeat 

Extreme^  SensitiTe 

Practically  Independent  of 

^^  Wave  Fom  and  Temperature 

*  Error,  and  require  verj  little 

Poww  to  optfite 


FOR  D.  C.  CIRCUITS  OF  SMALL        SwUdiboud  A. C 
MINE  PLANTS  iMlramMt 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

an  w^  suited.  They  are  of  the  "softJrou"  orSectro- 
mmgnetic  type,  rcmarkaUr  accurate,  well  made,  micelr 
flnished,  and  espedallT  low  in  price  Wastofi  Ecl^we  ia- 
struments  are  far  in  aanukce  ot  all  preceding  fonns  <^  the 
seft-iroii  types. 

Write  for  catalogue  and  infcwmation. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavchly  Park,  Newark,  N.J. ,  U.S.A. 

N«w  Ywrk  OfflM  :  1 14  Libertj  Street. 

L«nd*n  Braneh  i  Audicj  House,  Ely  Place,  Holbom. 

Pap|«,  Frano*  i  K.  M.  Codiot,  13  Rne  SL  Georges. 

■•pHni  Earopean  WeitOD  InMnunent  Co.,  Ltd.,  Schonebecg,  Genett  Stt.,  f. 
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Winning  Features 
of      '"^ 

VULCAN 
~~~~'~~^^  Electric  Hoist  Design 

No.  2. — Gears,  Wuest  HcrrliigboiK 

The  gear  in  the  illustrstioa  is  typical  of  Vulcao  practice  tor  high-cap&d^  electik 
hoists.  A  special  analysis  of  driving  requirements  is  made  for  every  type  of  h<»st, 
so  that  gear  types,  materials  and  ratios  will  be  the  most  efficient  for  the  service 
conditions.  In  every  case,  rope-speed  and  stress,  and  possble  shocks,  govem  the 
gear  design.  Vulcan  gears,  with  a  generous  factor  of  safety  and  correct  proportions, 
have  a  record  for  continuously  withstanding  the  terrific  strains  of  yeat-in-year-out 
operation.    Let  us  assist  with  your  hoist  problems.    No  obligations. 

VULCAN  IRON  WORKS,  1744  Main  Si.  WILKES-BARRE.  PA. 

Mew  York.  90  Church  Street.  Chlcaoo,  913  McCormlck  BM*. 


Star  Portable  Drilling  Machines 


SQUIPPBD  VOX  BTBUl,  6A8  OR  KLSCTRICAL  POWER 

For  Water  Wells— Oil  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Canal 


Excavations— Cement  and  Crushed  Stone  Quaniea— Bridge  Soundings — Coal  Hine 
VentiUatlon— Irrigation,  Etc  Write  for  Dluitrated  Catalog. 

THE  STAR  DRnXING  BfACHINB  COHPANT, 

G«ii«ral  Offlcaa:  Akron,  Ohio.    Brandt  Office:  3  R«ctor  St,  Hew  ToA  Q^. 

WoAsi  AkroD,  OUs.— Chanata,  Cum*,— P*Ttiaad.  OrafOB. — Loot  B«aAt  CaL 
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The  Latest  Design  of 

JEFFREY  LOCOMOTIVE 

for  Use  In  Metal  Mines 

A  Unit  of  Essential  and  Desirable  Features: 

SAFETY 

No  poclcets  or  openings. 

A  safe,  secure  and  convcoient  riding  place  is  provided  for  the  motorman. 
Motors,  Controller  and  Resistance  are  protected  against  mud,  water 
and  dirt  from  track. 

RELIABILITY 


Ball  Bearings  on  the  motor  also  permit  of  large  motor  capacity  for 
narrow  gauges. 

ACCESSIBILITY 

All  parts  eanly  reached,  saving  Time,  Labor  and  expense  in  making 

repairs. 
The  locomotive  is  made  interchangeable  for  different  track  gauges  by  supply- 
ing extra  wheels  on  axles  and  extra  journal  boxes,  without  disturbing  the 
balance  of  the  equipment. 

Writ*  lor  Uliw  Cat4hic  Ro.  iit  on  Jalli*;  STANDARD  Hint  LocomotliM 

JEFFREY  MFG.  COMPANY,         COLUMBUS,  OHIO 

Niw  York  Dsovar  St.  Lonii  Chicuo  Biiminghun 

™.    J T—   Tr.  »..._.  .._!  QoyeUnd  Philwlslphu  Boaton 
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"PEERLESS"  means  "WITHOUT  A  PEER" 

Fortune  Conveyor  Belt        Peerless  **97*'  Elevator  Belt 
Rainbow  Friction  Surface  Transmission  Belt 


These  bmnds  of  belt  represent  the  highest  qiultty  attaiiuble  in  tfadr  respective  typet. 
DURABLE  RELIABLB  EFnCIEVT 

PEERLESS  RUBBER  MAKOFACTURXRG  COMPANT 

1«  VAKRBIf  STREET,  HEW  TOKK,  H.  T. 


Write  foi  samples  and  prices  Technical  catalogue  (or  the  ukiiiK 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 
By  such  test  you  should  judge 


Roebling  Wire  Rope 


From  the  steel  furnace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 

John  A.  Roebling's  Sons  Co. 

Trenton,  N.  J. 


mzecDv  Google 
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No  Guide  Idlers  Needed- 
Runs  True  and  Even- 
No  Spillage— 


i 


reduce  tcmnage  cotU 

The  extreme  flexibility  found  in  every  Goodrich 
CoDvcyor  Belt  gives  you  a  straight  running  belt 
which  troughs  easily,  hugs  the  pulleys  and  needs 
no  edse-wearing  guide  idlers.  Goodrich  Belts 
won't  ride  off  and  spill  the  load. 

Advise  us  regarding  your  tnatallatioDS. 
We  make  belts  (or  every  purpose. 

Mmhrnrt^OHHtrlch    ^^^  Tlw  B.  F.  Goodricll  Co.  . 
TIrv  Mil  ETrtMni  WB         Futartw    Aknn,  OUi        1 
'**     liuikibAHrriKWaii*  ^ 


Goodrich 


Conveyor  Belts 
Elerator  BelU 
Transmission  Belts 
Hose— AU  Kluds 
Packing 
Valves,  etc. 


'i  Bm  in  RmUar  1 


i>it  'f  iit  Gooarich 


In*  tAol 


Bausch  &  Lomb 
Engineering  Instruments 

4  1/2-Inch 
Theodolite 

Easily  portable; 
Interior  focusing; 
Hermetically  sealed 
telescope  of  invariable 
length; 

Interchangeable  auxil- 
iary telescope; 
Tamiak-proof  gradua- 
tions. 

Bausch  fy  Ipmb  Qpt'cal  Q. 

"■""•'ROCHESTEa.'.'N.Y.  """"oTS"" 


;iQal  3icH( 


"TCoogle 
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\\/E  want  thinkers  and  invcstiga- 
'  *  tors  to  try  Schieren's  Duxbak 
Waterproof  Leather  Belting— 


For   this   class   of   i 
vitals  of  things — are 


:   son  that  get  right  down  into  tlte 
9  who  finally  decide  to  use  Duxbal. 


CHARLES  A.  SCHIEREN  COMPANY 

39  FERRY  STREET  NEW  TOBK  CITT 


Pairal  Tank  System  of  Slime  Agitation 

For  Pulp  undergoing  Treatment  in 
Cyanide  or  Add  Solutions 


Pull  Infonnatiou  on  Request 
Bernard  MacDonald,  Mgr.    Soutti  Pasadena,  Calif. 


ORE-DEPOSITS 

A  conUnualioH  of  the  "Postpny^'  FoJunw 
Compri^ng  Papeia  Desciiptive  of  Ore-Deposits  and  Discussions  of  their  Origin, 
Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

The  volume  coDtains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  assodate 
and  friend.  Dr.  George  F.  Becker,  and  a  compreheudve  Biographical  Index  of  the 
Sdence  of  Ore- Deposits,  prepared  by  Prof.  Jonn  D.  Irving,  of  the  Sbeffidd  Sdentific 
Schod  of  Yale  University. 

The  volume  contains  looa  pages.  Price,  bound  in  doth,  $5;  in  half  morocco,  $6. 
Both  the  Enunons  and  the  Posepny  Volumes  on  Ore-Deposits,  bound  in  doth,  fS; 
'    '    ■'  ,  Jio. 


KEEP  UP  TO  DATE 

J      Br  aibteribiDi  to  tb* 

IVe  DE  fINOENIEUR  A  INDEX  TECHNIQUE  nOth  Year) 

An  BnaiiiMriat  Jounul  and  Comidiic  Record  id  Uw  World' 

indeua.  dainnea  and  pabliiiw*  monibly  rtaumta  of  haudTsi 

Annual  SBtxcription,  14/ ■.    Babriam  and  FraoM.  W- 

TECHNICAL  AMD  INnUSlSlAL  INSflTUTES 

CoRiisiabis:  Dinaon  A — Indexed  Technical  and  Indastrial  Liteiatim. 
mnniaotlva.   Diiiiion  B. — Rewling  Roomand  Referance  Libiur,  "' 


TMhnical  Utemtim.  tttoA 
I  of  fehnieal  oeriodicsla. 
)r  Bettor  StiQ  by  jfiimna 


.-.  Divition  D  — Indaaiiial  ^uiii- 

L  all  Lansuagai  and  facUidea  for  the  aohitioo  of 


auj.  Stndeota  admhtad.  Labuniorje 
prudanea.  Diniian  B. — Tianalationi  i 
vaiioua  ooginMrinf  i>robl*cDi. 

SobacrJptiiHi  tor  Membardili),  40/- 

Offices:  70,  Boulevard  D'Anderlecht,  Bruxdles 

Telephonci  B3300  Tdeflramu  ITl 


A-iOOgIc 


BtJLLETIN.  A.  1    M.  E.— ADVERTISING  SECTION 

PENNSYLVANIA  CRUSHER  COMPANY 

'^*  K**r^ .  PHILADELPHIA  "V^^*"!; 

.hurch  Street  Stephen  Glrard  Bld'g  M.che.nei.  E 

Crubtti  «Bd  PnlTNteen  lot  Br-Pradnct  Coke  PUoti.  Coal.  Limactoat,  CtmMi^ 

—         Rock,  OnniB.  9Iul«,   aud   ■ 

mnlt<ti>de  ot  othei  outatlali. 

Coal  CnuUns  aod  Coal 

Claanlnc  Planti 

HAHHBR  CXUSHSRS 

BRADFORD 

COAL  CLBAHBRS 

PULVERIZERS 

8IITGLE  ROLL  CRDSHBRS 

DKLAMATSR  COAL  TBSTER 


BEER,  SONDHEIMER  CSi,  CO. 

Franklort-on-Maln.  Oermany 

NEW   TORK   OFFICE       -       -       6i    BROADWAY 

SUnc  Ores,  Cubocata,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Le&d  Ores,  Anti- 
mony  Ores,  Iron  And  U&uganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Aisenic,  2^c  Duit. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  Oh  CO. 

4J  Broadway  KBW  TORE 

BUYERS,  SMELTERS 
AND    REFINERS    OF 

Ores  and   Metals  of  All   Classes 

Agents  (or: 

Atos  HltMh  A  Soba.'Halbaratadt.  Oarnuu;. 

nnllsd  SUtaa  U atala  Raflntni  Co.,  Cliroina,  II.  J.  and  Qraaialll,  Ind. 

Amortean  Zloe,  Load  k  Smottlnc  Co.,  Canoj  aod  Daailnt,  f-"— 

g-.nm  ziBC  Co..  La  HanH,  Eanaaa. 

TIio  BiMliolrtIc  Roflnlai  dt  SiimIiIiu  Co.  of  Attatralla,  Ltd.,  Port  Eembla,  If.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

la  boat  obtalsed  Chranfh  the  oae  of  I 

fUFfCM 

MEASURING  TAPES  ' 

I  Tha  iBoto  aarere  tb«  teat,  Um  t»ttsT  tbotr  ahowtaf. 
Vor  aala  br  aO  daalan.    Sand  for  Catalopw- 

mr/l/ffB/rffuiS^O.  sagihaw.  iuch..  0.  s.  ». 

tfW  TORg  LOITDOH.  BHO.  WIIIDSOR.  CAlf. 


NING  ANE 
KNUFACTURING 

WiscoDBin. 
if   Btatj    type.    Coi 
tnwnts.    For  aU  Cu 
I  Allis-Chilmen,   Lb 


.  BETTS 

N.V. 

e ;     Zinc    Reeovei7 

riea  lot  Meullnicical 


EAM  PUMP  WOI 

',  How  Yo*. 
PLUNQBR     8INJ 
CAUERON  HORI 
:ON  PUMPS,  for  bw 


FIRE  CUY  CO. 

iait  Uik*  City,  Utal 
lUPPLIBS,  CRUCIB 
l«  Brick,  Scientt&c  i 
,  Heavy  Cbemlcala, 
etc.    Write  to-day  for 


MANUFACTURINt 

i»,T».        NawYerl 
San  Franelscc 

OP  WAUOH  DRIL 


SE  BAHERY  CO. 

»,  w.  J. 

30n  STORAGE  BA' 
for  doscriptivo  bullet 

,Guuijk 


METALLURGICAL  EQUIPMENT 


GENERAL  ELECTRIC  CO. 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Opermting  Mioins  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVC* 

GOODMAN  MANUFACTURING  CO. 

CLCCTRIC 

Chloago,  Mlln«ls. 

COAL  CUTTERS 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

MINE 
LOCOMOTIVES 

ELECTRIC  MINE  LOCOMOTIVES. 
POWER  PLANTS. 

THE  B.  F.  GOODRICH  CO. 

Ahron,  Ohio. 

CONVEYOR 

Goodrich  "Longlife"  •■  M«xecon"  ft  "Ondnbelf  CON- 
VEYOR BELTS  wiU  handle  more  tana  per  dolUr  at 

BELTS 

coat  than  may  other  belts  made. 

HARBISON-WALKER  REFRACTORIES  Ca 

BRICK 

Pittsburgh,  Penna. 

RefrBctori«s  of  highest  grade  for  BUst  Fnmace  and  the 
Open   He&rth,   Electrical  Fomacea,   Copper   Smeltiiig 
pUatB,  Lead  Befineriea,  Nickel  Smelters,  Silver  Slimes 

other  ^ea  in  use  in  tite  various  metallurgicBl  procesBes. 

nRC  CLAY 
SILICA 
MAGNESIA 
CHROME 

HARDINGE  CONICAL  MILL  CO. 

HARDINGr 

Hew  YoA,  N.  Y. 

BALL 
AND 

PEBBLE 

HILLS  for  ftne  and  granular  cniBhing. 

MILLS 

ILLINOIS  ZINC  CO. 

SPELTER 

P*ru,  III. 

SHEET  ZINC 

SULPHURIC 

SULPHURIC   ACID. 

.coy  Google 


A  UIKKCTORY   Ut   MlNlWti  AJNl. 
INGERSOLL-RAND  CO. 

COAL  11  Breadway,  N*w  York. 

MINING  ■  "RetoTD- Alt"  Pumps,  Coal  Shearers,  Pneumatic  H 

"Bleciric-Air"  Drills,  Coal  Punchers,  Pneumatic  1 
MACH I N  ERV  "Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drilla,  T 

in;  llaehinea.  Rock  Drills,  Air  Lift  Pumpa. 


THE  JEANESVILLE  IRON  WORKS  CO 

Hazelton,  Pa. 
Builders  of  High-grttde  Pumping  Hadunery — ^I 
Acting,  Fly-Wheel,  and  Centrifugal  foe  elevator, 
and  waterworks  service. 


PUMPING 
MACHINERY 


THE  JEFFREY  MFG.  CO. 

Cclumbu*,  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drilla 
Maula,  Coal  Tipples,  Coal  Washeries,  Larriea,  Sci 
Cages,  CTUshera,  Elevators,  Conveyors,  Pane,  H 
Pumps,  etc 


COAL 

MINING 

MACHINERY 


LEAD  LINED  IRON  PIPE  CO. 

Wakoflald.  Maaa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  I 
VALVES— for  Acids  and  Corrosive  Waters. 


LEAD  LINED 
IRON  PIPE 
AND  VALVES 


WIRE  ROPE 

AERIAL 
WIRE   ROPE 
TRAMWAYS 


A.  LESCHENj&_SONS  ROPE  CO. 

lb>T.A      CUoi*        St.  Louia,  Mo.     D>»    l«Fi 

Producing  WIRE  ROPE  of  qualities  and  conatru 
adapted  to  every  condition  of  wire  rope  service,  in 
ing  the  celebrated  Hercules  Brand  and  Patent  IHat 
Btrand  and  Locked  Coil  constructions.  Systems  of  i 
Wire  Rope  Tramways  for  the  economical  tranaporl 
of  any  material. 


BRIQUETTING 
MACHINERY 


MASHEK  ENGINEERING  CO. 

so  WMt  St.,  New  York. 

Complete  plant  equipmenta  4,  B,  16  and  35  tons  c 
3  oz.  smokeless  and  odorless  briquettes  per  bour. 
plete  planta  designed  and  erected. 

()6) 


.coy  Google 


METAX-LURGICAL  EQUIPMENT 


NORDBERG  MANUFACTURmG  CO. 

UUwankee,  Wis. 
Hifh  Effldency  Steuu,  Air  and  Electric  Hoista,  Air 
CompreBSOTB,  Blowing  Engines,  Pumping  Engines,  Cor- 
.  Ubb  Engines  and  other  machinery 


MINING 
MACHINERV 


OTIS  ELEVATOR  COMPANY 

Elemnth  Ave.  and  Twenty-Sixth  St.,  New  York. 

orricie  ih  an  phihcipsi.  cities  or  the  worlb. 
Build  and  erect  all  types  of  Freigbt  and  Passenger  Ele- 
vators—for  all  kinds  of  powei ;- — including  Furnace 
Hoists,  Incline  RaUwsys,  and  Speidal  Halating  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SUME  AGITATION 

Bernard  UacDonsid,  SonOi  Pasadena,  Calif. 
Manufacturer  of  the  Pairal  Tank   System    of   Slime 
Agitation  for  pulp   iud«n;olng    treatment   In   cyanide 
or  acid  solntiona.    Full  Infomuitlon  on  request. 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFG.  CO. 

New  ToA 
Manufacturers  of  Conveyor,  Elevator  and  tronsmlBsion 
belts;  packing,  valvos,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 

BELTS 

PACKING 

VALVES 

AIR  DRILL 

HOSE 


PENNSYLVANIA  CRUSHER  Ca 


Stapban  Oiiard  Bid's 

Complete  Coal  Crushing  and  Coal  Cleaning  Flanta; 
CmsUiig  Hachioery  tor  By-Product  Coking  Plants; 
Cmshsrs  and  PolTerlzerB  for  Coal,  Cement,  Rock,  Lime- 
stone, Gypsum,  and  a  muItitudB  of  other  materials. 


HAMMER 
CRUSHERS 
BRAOFORO 
COAL  Ci-EANERS 
PULVERIZERS 
SINGLE  ROLL 
CRUSHERS 
DELAMATCR 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  Now  York. 
Hessiter  ORB    BEDDING    Systems— FURNACE 

FEEDERS;  SORTING  BELTS,  and  many  other 
special  sppUcations  of  what  was  the  Pioneer  and  Is  the 
Standard  Belt  Conveyor;  Cos!  Handling  Systems; 
Electric  Locomotives ;  Hoisting  Hachineiy. 
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ROBINS 

BELT 

CONVEYORS 

D,:i,l,:e,,„G00gle 


A  DIRECTORY  OF  MINING  AN! 


WIHE 

HOPE 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.J. 

WIRE  ROPE  for  milling  work.   Slock  staiproent 
agencies  mnd  branches  tbfougbaat  the  cauntiy. 


POSITIVK 

PnCSSURE 
BLOW  CHS 


EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

C«nn*ravllU,  Ind. 
Hannfaeturen  of  tbe  Rooia  Poaitiv*  Preaanra  B 
for  Smelting,   PoandT;  and   Filtration  Work. 
Ibr  Catalogue. 


WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHiEREN  COMPANY 

89  Ferry  Street,  New  York 
Mannfacturers  of   SCHIEKEN'S  DUZBAK  Vi 
PROOF  LBATHER  BBLTinO.    The  belting  Is 
proof   and   chemical    proof,    perfect   In  materi 
workmanship. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  NIACHINE  COMPj 


Hannfacturers  of  Portable  V  '  DrillL^  Had 
traction  or  non-traction  for  drflUng  aL  depdii  t 
feet,  equipped  for  Steam,  Gfts  or  Electric  Powt 


ROCK   DRILLS 

AIR 

COMPRESBOnS 

HOISTS 


SULLIVAN  MACHINERY  CO. 

122  SonUi  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compmsora,  Diamoni 
Drills,  Rock  DtiUa,  Hammer  Drills,  Hine  HoisU, 
Cutter,  Bar  MachineB,  Fans. 


llHti!l» 

VULCAN  IRON  WORKS 

Wllkaa-Barr*.  P«. 
Vulcan    Electric   Mine    HoisM,   Steam    HoUta, 
ing  and   Haulage    Enginea,   Mining    Machiner] 

,0,  Google 


METALLURGICAL  EQUIPMENT 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavariy  Parh,  N*w«rk,  N.J. 
Weston  BcUpte  AUHBTBR8,  MILLIAHUETERS 
*nd  VOLTMETERS  are  weU  suited  for  D.  C.  Circnita 
of  Binall  mine  pUnts. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OP  MININQ  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


THESE  CARDS 

REFERENCE 

of  each   finn    and   are   pnbUshed  with  a  view   to  fUr- 

ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Transactions  of  the  American  Institute  of  Mining  Engineers 

VOLUMES  I  to  ZXXV— IBTi  to  1904 
70S  pages,  6  by  9  iaches. 

Bound  in  clofli S6.00 

Bound  in  baU-monicco, S6.00 

VOLUMES  ZZZVI  to  XL— IMS  to  1909 
186  pagSBt  6  by  9  Indies, 

Bonnd  In  dotti, SLBO 

Bonnd  in  luUfMDorocco, S2.60 

Taken  togetJier  these  two  indexes  futniih  in  convenient  form  for  ready  refnence 
eveiytliiiig  □(  importance  contained  in  the  Transactioni,  and  give  to  both  member 
and  non-member,  wbetber  possessing  a  set  of  the  Transaclions  or  not,  the  meani  of 
ascertaining  at  a  minimum  expenditure  of  time  and  trouble  the  exact  content*  of 
the  volumes  on  any  ^ven  subject  of  special  interest. 

Sent,  prepaid,  on  recdpt  of  price  by 

The  American  Institute  of  Mining  Engineers, 

29  West  39tti  Street.  New  York 

~  „,„., Google 


0  di  PASCO,  PB 
SOUTH  AMEM 


iWHAYS. 


)T  A. 


t  Smdun,  Cbtmk* 
UiiKnJi,   tllnn 

U  FrUDiM*,  Cl 

HN  E. 

I  NlnlM  E»|lHl 
rnut  BuildioA 
NTREAUCAHW 


oy  Google 
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PnOFESSIONAL  CARDS 

HOYLE,  CHARLES 

Wal-B  EiBl"«r, 

ESTADO  DE  MEXICO,  HEXICO. 

RAYMOND,  ROSSITER  W. 

Mliilflg  Englaeer  and  Hstallirfllat 
39  West  Thirty-Ninth  Stkebt 

MEW  YORK 

LEDOUX  &  COMPANY 

Auaysrs  aid  SaHplert 
99  John  Street,             NEW  YORK 

New  York  wdJeraeyaty 

BepraHentatives  at  all  refineries  and 

■melton  on  AOanUc  seaboird 

REVETT.  BEN  STANLEY 
Hl.l>a  EnBioNr 
Alluvial  Miking 

AND    iKSTALLATintfS 

BSECKENRIDGE,  COLORADO 

bUt:  "  DredBer  " 
M.:  Bedftrd-HoNel! 

LOWE,  HENRY  P. 

C«mii1t1ifl  tid  llliiig  EagtaHr, 
CENTRAL  CITY,  COLORADO. 

Bedford  McHbUI  Code. "  Lowa.  D■^rT■K." 

BBHARDS,  ROBERT  H. 

OrtDrmtlmf 

BOSTON,  MASS. 

RURDAM,  D.  H. 

atr  livtstlH  SMf.,  1CS  Enttnj.  Nnr  T*flL 

NTERS,  DESAR  B. 

331  StoiT  Bnildiiic           Loa  AROBLBS 

RICKETTS  &  BANKS, 

80  Maiden  Lane,  Now  York, 
Mlilag,  NetallarBloal  aid 

Cbe»loal  Eagliiaart, 

HowuD  PoniOH                C.  H.  PoiauB 

POILLON  t  POiRIER 

HlniOK  EacInMn 
63  Wall  Street 

NEW  YORK  CITY 

PORTER  W.  SHIMER  t  SON 

MetaUnrsical  Cbemlsts 

ESTABUSBID    18SS 

AHlrsM  *f  lrai,sttd,u<  ttkr  ntUls, iHtrs, 
»rt),  ■ImtiIi,  chI  h4  ctto,  cMnt,  walw ,  etc 

CONSULHTWI 

IHVtSTIUTHKl                 EASTOH,  PEMR'A 

RATES 

FOR   PROFESSIONAL    CARDS 
QUOTED    ON    APPLICATION. 

,0,  Google 
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PROFESSIONAL  CARDS 

SPILSBURY,  E.  GYBBON, 

STOUGHTON,  BRADLEY 

Coiuuldng  Meunurskd  b,gmm 

45  Brondway,                HEW  YORK. 

20  Wert  39th  Street 

CU>1e  AddTOM :  "  «|Xln»/'  jr«o  r«rk. 

PROPOSALS     FOR     MEMBERSHIP.   A  blank  propo»l  {or  memWt 

is  included  in  each  Yew  Book 

Bulletin.  In  the  event  of  not  being  able  to  secure  such  a  one,  appi 
lions  for  membership  can  be  made  out  on  any  blank  piece  of  paper,  | 
vided  they  include  the  class  to  which  the  candidate  is  proposed,  whel 
member,  associate  or  junior  member;  (he  si|[nature  of  three  memiieri 
associates  (junior  members  must  also  have  the  endorsement  of  two  of  t! 
instructors);  a  brief  history  of  (he  candidate,  including  date  and  plac« 
birth,  his  education  and  technical  record,  and  finally  a  signed  statement 
the  applicant  that  he  desires  to  become  a  member. 


<  22  i,„.c, Google 
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A  NEW  VOLUME 

EMMONS'  ORE-DEPOSITS 

A  continuation  of  the  "Poseptiy"  Volume 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discussions  of 

their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

Contents. 

OenMa  at  CaituD  Or«-I>»po*IU.     By  B,  F.  Emion. 
Straetunl  RoUtioni  of  Om-Dapo«ta.     By  S.  F.  Ehmomi, 

QHlofisal  DuOibution  of  Ihs  UHfnl  Motel*  in  Uw  United  Ststsa.     By  S.  P.  Ehmohb.     Db- 
suMiaD  bf  JooH  A.  Chubch,  AmTHUB  Wimum,  S.  F.  Emioita,  uul  Wiujua  Kuai/- 

TOH    MUBTTT. 

Tornoiul  Theory  of  Joiali.     By  GiORaB  F.  Bicnui.     Dimiviod  by  H.  M.  HowB,  R.  W. 

Ratvohd,  C.  S.  Both,  ud  Qaoaoi  F.  Bwtkih. 
AOolnpiim  of  Ootd.     By  Bihbt  LoDta. 

SupsrfioUl  Altentian  of  Ore~Depadt«.     By  B.  A.  F.  Fbhso**,  Jb. 
Some  M1d«  of  Bant*  uid  Silver  Cliff,  Cktlonda.     By  8.  F.  EKvom. 
Genida  of  Certain  Aiuif  sioiu  Lodea.     By  Joax  R.  DoH.     Diaoiuidoii,  by  JoaiFB  Lb  CoirrB. 

8.  F.  Emmohi,  G.  F.  Bbcxxb,  Abthcb  Wiinu>ir,  V.  F.  Bukb,  KOd  J.  B.  DoH. 
Tnflmhnoe  of  Country-Hook  on  MiDaral  Vein*.     By  WAtJrmm  Hastbt  VmwD- 
Iiseoui  Rooki  and  Cinnilatina  Waten  aa  Faeton  in  On~Depontion.     By  J.  F.  Emr. 
Cooaldairatioa  of  I(oM>u>  Ro«ka  and  Thair  Saoreaation  or  DiffgnnttaClon  a*  B*lal«d  to  tho 

OeoumnH  of  Ona.     By  J,  E.  Bfcu.     DianiBdon,  by  A.  N.  Wihcbbi.l. 
Oce-Depcata  neai  Igneoiu  CoDtaoU.     By  Wae.t>b  Habtbt  Wbud.     DiKuMioii,  by  W.  L. 

Oi*-I>e[>oation  and  Veiit-Enrielunant  by  Asoendinc  Hot  Waten.     By  Wxltbb  Habtbi 

Wim. 
Bv^lia  ZoneiaaQuidga  to  Ore-DepooiUiatba  Cripple  Cre«lEDiitii<it.Colonida.     BjrE.  A. 

Qeolo^eal  Feature!  of  the  Gold-Production  of  NorUi  Amariea.     By  W.  LiHiiaBEN.     DiiMue- 

■ion,  by  W.  O.  Mn.T.«»i  and  W.  L.  Adbtih. 
Oamoai*  u  ■  FKctor'in  Ore-Formation.     By  Haiabbt  PoTaB*  Qillbttb. 
Ore-Deponta  of  Sudbury,  Ontario.     By  Ceablbb  W.  Dccisoit. 
Qanwu  of  the  Copper^Depc^iti  of  Qifton-Morenoi,  Ariaona.     By  W.  LiHDgaBH- 
Copper-DeiKidU  at  San  Jose,  Tamaulipae,  Maiieo.     By  J.  F.  Kbhf, 
Masnutio  Oricin  of  Vein-Foriiiiii(  Waun  la  Soothaiitem  Aluka.     By  A.  C.  Spbhcbb. 
Qenetio  Rdationa  of  the  Weitam  Narada  One.     By  J.  E.  Sfdbb. 
Are  Iha  Quarta  Vaini  of  Silver  Peak,  Nevada,  the  Beeult  of  Macmelio  Searesatjant     By 

1.  B.  HABTiMaa. 
OBOurranM  of  Btibuila  at  Steamboat  Bprinca,  Nevada.     By  W.  LrMDilBBH. 
Summary  of  Idke  Superior  Oatdocy  with  Special  Reference  to  Baotat  Btudie*  ot  the  Iron- 

Bearinc  Serlee.     By  C.  K.  Lbith. 
QedosiOBl  Relations  ot  the  Scandinavian  Iron-Orea.     By  H.  SjOobbh. 
Formation  and   Enridunant  of   Ora-Beariox   Veioa.    (With    Supple meotary    Paper.)    Br 

Diatribution  of  the  EJaments  in  Iineaua  Roaki.     By  H.  B.  Wubimutok. 

Acaney  of  Mancaneaa  in  the  Buparfldal  Alleiatian  and  Secondary  Eoriohment  of  Gold-De- 

poaita  of  the  Ooited  Statea.     By  W.  H.  EimoHS. 
Coinate  Papen, 
Biblioctaphy  of  tha  Soienae  of  Or«-OepDelU.     By  J.  D.  lanHo,  B.  D.  Swtb,  and  H.  O.  Fbh- 

The  volume  coDtains  also  b  Biognphical  Notice  of  Di.  Emmons  by  his  asso- 
□Bte  and  friend.  Dr.  George  F.  Becker,  and  k  compreheiuive  Biographical  Index 
of  the  Sdence  of  Ore-Depoaits,  prepared  by  Prof.  John  D.  Irving,  of  the  Sheffield 
Sdentific  School  of  Yale  University. 

Price,  bound  In  clotii,  %y,  in  half  morocco,  S6. 
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PAMPHLET  COPIES  OF  PAPERS 

The  pamphlets  >n  the  following  list  will  be  sold  at  the  reduced  prices  un- 
til the  present  stock  is  exhausted.  Prices  to  Members,  one-half  those  listed. 
The  minimum  charge  for  each  order  will  be  25  cents.  Please  remit  by  money- 
order,  New  York  draft,  stamps  or  coin.  Add  10  cents  for  exchange  on  out- 
of-town  checks. 


FiU  No. 
M*    Bitlt-SiakiDt  Method*  o 
1043     The   InJMtioa   of   Ceme 

1063     Drilling  P*rfornisB«e  st 

1003     Rooh-Drillint  Economiw.     By  W.  L,  Saundm 

k  Pniblstn  in  Minini,  togrther  with  Some  Data  OD  TnnnH-DrlTinc.     By  F.  M. 


into   WaUr-Bcarinc   FiHum.     By   Franei 

o  Dam,  Calakill  Aquedoet,  New  York.     B; 


id  £.  Z.  1 


ei8     The  I 


r  in  tNamoad  DiiUini.     By  Ralph  Wilcoi. . 


1007  Das  of  Eleclridty  in  Mining  in  the  Butte  Diitrict.  1 
ess  Eydro-Electrio  Dsvelopment  in  Moatana.  By  Mai 
lOST     Uh  of  Electricity  at  th«  Peon,  and  Republio  Iron  Mi 

and  F.  H.  Armstrong. - 

lOM     Elselria  Traction  in  Mbei.     By  Chailea  Letnmd . . . . 
Datallatian  at  El  TifR.  Sonora,  Mi 


1.  Miph.     By  Wm.  Kally 


ooinu 


Thai 


By  Jamaa  W 
tctl  iDslallationa.     By  C.  M.  Maan*. . 


in  of  Electric  Motor*  to  BhoveU.     1 

tioo  ol  the  Butts,  Anaconda  A  Pad 

Vaiuatum  and  Miw 


Valuation  of  Iron  Mines,     By  James  R.  Flnlay 

An  OU-Land  Law,     By  GeorBc  Otii  Smith 

Sympoeium  OD  Mioiog  Lav,     By  Horaoi-  V.  Wincholl,  R.  W.  Raymond.  Charles 
H,  Shamel,  Charles  W,  CoodHle,  Frederick  F,  Sharpleaa,  Albert  Burch.  F,  L, 


rk  W.  Aprir, 


The  Uk  of  the  Microscope  in  Mlnina  Engineering.     By  Frederi 

The  Tin  Situation  in  Bolivia.     By  Howland  Bansroft 

The  Southeni  Cron  Mine,  Georaetown,  Mont.     By  Paul  Billincsley 

The  Elk  City  Mining  Diitrict.  Idaho  County.  Idaho.     By  Arthur  L.  FlsM. . 
The  Kennedy  Mining  District.  Nevada,     By  Paul  KIcpstDck.. 
MininE  and  Mining  Methods 

trict.     By  H,  A,  Qucm. 

Method  of  TeeUng  Draeger  Oiyg^n 


021     The  Lond 


HeltnDta  at  the  Copper  Queen  Mine,     By 
District,  Park  County.  Ohio,     By  Charles 


J.  Moo 

Lead-Silver  Mines  of  GUmore.  Lcinhi  County.  Idaho.     By  Ralph  Niehob... . 

The  (jccginphicsl  Diitributioii  ol  Mining  Development  in  the  United  BUUh, 

Edward  W.  Parker 


counts  of  the  Anae 

nda  Copper  .Mining  Co.     By  H.  T.  Van  EIU. 

f  the  South  Range 

Hong  Kong.  China.     By  C.  M.  Weld 

of  the  Cuyun.  District.  MinneaoU.     By  Cart 

AHBRICA5  IH8TITUTB  OF  MIHIIVO  SNOIHBBSS 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Allis-Cbalmers  MaDufacturmg  Co 14 

Beer,  SoDdheimer  &  Co 13 

BauBcb  &  Lomb  Optical  Co 11 

Anaon  G.  Betta 14 

A.  S.  CameroD  Steam  Pump  Works 6 

Denver  Fire  Clay  Co 14 

Denver  Rock  Drill  Co 14 

Edison  Storaf;e  Battery  Co 4 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing,  Co. 15 

B.  F.  Goodrich  Co..    .  * 11 

W.  &  L.  E.  Gurley 2 

Harbison-Walker  Refractories  Co 15 

Hardinge  Conical  Mill  Co Inside  Front  Cover 

Illinois  Zinc  Co 15 

Ingersoll-Raud  Co 3 

Jeffrey  Manufacturiag  Co 9 

Lead  Lined  Iron  Pipe  Co 16 

A.  Leschen  &  Sons  Rope  Co 16 

Lufkin  Rule  Co 13 

MacDonald,  Bernard  (Parral  Tank  System) 12 

Masbek  Engineering  Co 16 

Nordberg  Manufacturing  Co 24 

Otis  Elevator  Co 17 

Peerless  Rubber  Manufacturing  Co 10 

Pennsylvania  Crusher  Co 17 

Jeanesville  Iron  Works  Co.  .    .    . ' Inside  Back  Cover 

Robins  Conveying  Belt  Co 17 

John  A.  Roebling's  Sons  Co 10 

P.  H.  &  F.  M.  Roots  Co 18 

Chas.  A.  Scbieren 12 

Star  Drilling  Machine  Co 8 

Sullivan  Machinery  Co 1 

L.  Vogelatein  &  Co 13 

Vulcan  Iron  Works 8 

Weston  Electrical  Instrument  Co 7 
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NORDBERG 

Compound  Condensing  Hoists 

ALL  of  the  successful  compound  condensing  hoists  now  operating  in  this 
country  are   of   Nordberg    make.      Nordberg    Compound    Condensing 
Hoists  require  only 
50  to  60  %  of  the  stMin  UMd  by  a  Duplui  Corliu  HoUt,  and 
Only  20  to  30  par  twnt.  of  ths  atuin  uMd  by  a  Slid*  Valve  H^at. 
A  test  of  the  twin  tandem  compound  hoist  illustrated  by  the  drawing  above 
showed  an  economy  o{  27.74  lbs.  of  ateam  par  ahaft  horaa-powar,  and  in- 
cluding the  condenser,  29.9  lbs.  per  shaft  horae-power  hour,  this  including  all 
friction  in  engine,  rope  and  skip  and  the  condensation  in  a  long  pipe  line  amount- 
ing to  625  lbs.  per  hour  measured  when  the  hoist  is  not  running. 
FiHthermorc.  the  t«t  was  made  from  a  meaa  hoUttng  depth  of  1.010  feet,  wh««u  the  boM  *»• 
deai^ed  for  a  hoiitmKdepOttif  2.100  [eet.under  which  condltloni  the  economy  would  be  blcher 
because  the  pcicentase  of  steam  used  during  the  period  of  acceletatloD  would  be  smalkt. 
Nordbera  Compound  Condensing  Holsta  have  been  built  for  a  large  number  of  mlnea.  two  for 
Copper  Qi^en  CoDKit<l<t  d  M.ning  Co..  two  for  Old  Dimlnion  Copper  MinlngftSmettini  Co.. 
tvm  for  Newport  M.niDg  Co.,  on.-  for  Qulacy  Mloing  Co..  Tuolumme  Capper  Co..  and  Homertake 
Mining  Co. 

For  further  Infonnttlon  send  for  out  new  Bulletin  2g  on  Steam      WHtDRfSn 
1  Air  Hol>t>.  and  If  Intereated  lo  electric  tmlna.  uk  for  out      "^""'""^ 


? 
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Character  oi  Title  Thai  Should  be  Graoled  by  Government.     By  Georce  W.  Riter,   .    . 

KoduUzing  Blasl-Focnace  Flue  Dust.     By  Lawrence  Addicks 

"Playa"  Panning  on  the  Ceuca  River.     By  William  F.  Ward,      

ESectsof  the  Bag  House  on  the  MeUllurgy  of  Lead.     By  L.  Douglass  Anderson,  '. 

Chloridiiiog  Leaching  at  Park  City.     By  Theodore  P.  Holt. 

Ancient  Auriferous  Gravel  Channels  of  Sierra  County,  California.     By  Hark  N.  Ailing, 

Ttae  Book  Cliffs  Coal  Field,  Utah.     By  Robert  S.  Lewis, 

Load-Matte  Convening  Ml  TooEle.     By  Oscar  M.  Kuchs 

The  Descrijtive  Technology  of  Gold  and  Silver  Metallurgy.     By  A.  W.  Allen,     .... 

Dip  Chan.     By  HowUnd  Brancrolt,      

The  Treatment  of  CompUi  Ores  by  the  Ammonia -Carbon  Dioiide  Process,     By  S.  E. 

Leaching  Copper  Products  at  the  Sleptoe  Works,     By  W.  L.  Austin,.    .'.'...'... 
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OF  THE 

HARDINGE  MILLS 

NOW    OPERATING,    WERE    INSTALLED    ON 

REPEAT   ORDERS 


BECAUSE    THE    COMPANIES    WHO    HAD    TRIED     THEM 
FOUND    THAT    THEY    DO 

ADJUST    ENERGY    TO    WORK 

LET    US    STUDY    YOUR     PROBLEM    WITH     YOU 


HARDINGE    CONICAL    MILL    CO. 

50    CHURCH    ST. 

London  OHIo.  .  NEW   YORK  C.bl.  A<M»..  > 

Sallaburr  Hsuaa  Halhardtnfl.  NawYsrk 
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AMEEUCAN  INSTITUTE  OF  MINING  ENGINEEIIS 
29  Wert  39tti  Street,  New  Yotfc,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Occupation— ^ 
Address 


is  hereby  proposed  by  the  undersigned,  as  a- 


ofthe  American  Institute  of  Mining  Engineers. 


I  Slgiutucei  of  tliTee 


Education,  general  arul  technical,  when,  where  and  how  acqu/ired, 
with  degrees,  if  any. 


Dalit'  -  -    -  .  .  ... 
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Record  of  experience.    Briefly,  the  past  and  present  employment, 
with  names  of  employers,  companies  and  associates.  (Proper  maim, 
of  companies,  eic.,  should  be  written  without  abbreviations.) 


Data 

Present  position—. 


_Si£natur6. 


Dated_ 


.191 


EXTRACTS  FROM  THE  CONSTITUTION. 
AKTICLE  Il.-MKMBEBa. 
BeC.  1.  The  membership  of  tbe  Institute  shall  comprise  Soar  oluses,  nunelr :  1.  Uemben;  3.  Hon- 
orury  Uembeni ;  S.  Assoclulcs ;  4.  Junior  Mcmbcn.  •  •  • 

Sec,  3.  The  fallowing  G lasses  of  persons  shall  be  eligible  fbr  memberahip  Id  the  IniUtute,  DundT :  ■> 
Uombcra,  all  prcifesslausl  mining  euglnecrs,  geolOElsIs,  metallurgtsti,  or  cbcmiit^  and  all  penou 
actlvelr  engaged  in  mining  and  metallursloil  engineering,  gcolc«y,  or  chemistry :  u  AaueUtei.  all 
persons  desirous  of  being  conneated  wllh  the  IniUtuta  who  In  (he  opinion  of  the  Bottid  of  DliMlan 

As  Junloi  Hembera,  all  itudenti  In  goud  standing  In  englneerlDE  achools  who  hkTe  ootlalren  their 
degreoiandWhoarenomlnBlcd  byatlcasl  two  of  th.lr  Instnioion.  •  *  * 

Every  candidate  for  election  oa  a  Member,  Assoclnlc,  or  Junior  Member  must  be  proposed  fbr  election 
by  at  Icaatthree  Members  or  Associates,  niusl  be  apyirovod  by  llie  Committee  on  llembenblp,  H  ^*- 
■crlbed  In  the  BirLaws,  and  must  be  elected  by  tho  Doard  of  Dlrecton. 
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JUNE  BULLETIN 

The  following  detailed  list  of  discuBaions  in  the  loat  section  of  the  June  Bulletin 
is  given  herewith  for  the  convenience  of  the  members: 

Discussion  of  the  paper  of  James  Johnston,  The  Mill  and  Metallurgical  Practice 

of  the  Nipisaing  Mining  Co.,  Ltd.,  Cobalt,  Ont.,  Canada.     By  E.  G. 

Spilsbury,  G.  A.  Packard,  E.  E.  Hore,  and  W.  A.  Caldecott 1173 

Discussion  of  the  paper  of  H.  H.  Clark,  Safeguarding  the  Uae  of  Eleotrioity  in 

Mines.  By  G.  S.  Rice,  E.  G,  Spilsbury,  H.  H.  Cbrk,  and  B.  F.  Tillson. . . .  1175 
Discussion  of  the  paper  of  H.  W.  Rogers,  The  Application  of  Electric  Motors 

to  Shovels.     By  W.  Kelly,  H.  W.  Rogers,  E.  G.  Spilsbury,  T.  T.  Read, 

F.  H.  Armstrong,  and  W.  Ferris 1179 

Discussion  of  the  paper  of  H.  A.  Guess,  Mining  and  Mininf^  Methods  in  the 

Southeast  Missouri  Disseminated-Lead  District.  By  William  Whatey. , .  1186 
Discussion  of  the  paper  of  Sanford  B.  Belden,  Recent  Developments  in  the 

Design  of  Electric  Locomotives  and  Coal-Cutting  Machines.     By  E.  W. 

Parker,  R.  R.  Dunlop,  and  G.  S.  Rice 1188 

Discussion  of  the  paper  of  William  Kelly,  Use  of  Electricity  at  the  Penn  and 

Republic   Iron   Mines,    Michigan.     By   K.   A.   Pauly,   F.   H.   Armstroi^, 

B.  F.  Tillson,  J.  E.  Johnson,  Jr.,  and  W.  Kelly ■.  .  .    1189 


Discussion  of  the  paper  of  PVancis  Donaldson,  The  Injection  of  Cement  Grout 

into  Wat<^r- Bearing  Fissurea.     By  F.  Firtnstone,  G.  S.  Wright,  A.  C. 

Lane,  and  E.  G.  Spilsbury 1192 

Discussion  of  the  paper  of  Henry  M.  Howe,  Notes  on  the  Plastic  Deformation  of 

Steel  during  Overstrain.     By  H.  C.  H.  Carpenter,  H.  D.  Hibbard,  W.  R. 

Webster,  R.  H.  Sweetser,  C.  P.  Linville,  H.  M.  Howe,  and  H.  Le  Chatelier. .  1193 
Discussion  of  the  paper  of  Arthur  F.  Taggart,  The  Work  of  Crushing,     By  A. 

O.  Gates,  H.  R.  Bobbins,  and  W.  J.  Sharwood 1197 

Discussion  of  the  paper  of  Prof.  B.  Hopkinson  and  Sir  Robert  Hadfield,  Research 

with  Regard  to  the  Non-Magnetic  and  Magnetic  Conditions  of  Manganese 

Hleel.     By  W.  S.  Potter,  A,  Sauveur,  H.  M.  Howe,  B.  Hopkinson,  and 

Sir  Robert  Hadfield 1206 

Discussion  of  the  paper  of  C.  D,  Young,  0.  D.  A.  Pease,  and  C.  H.  Strand, 

The  Heat  Treatment  of  Steel  Castings.     By  C.  H.  Strand,  E.  F.  Cone, 

J.  H.  Hall,  and  0.  D.  A.  Pease 1209 

Discussion  of  the  paper  of  J.  E.  Johnson,  Jr.,  The  Influence  on  Quality  of  Cast 

Iron  Exerted  by  Oxygen,  Nitrogen,  and  Some  other  Elements.     By  R. 

Moldenke,  H.  D.  Hibbard,  H.  M.  Howe,  C.  H.  Strand,  W.  R.  Webster, 

J.  H.  Hall,  A.  Sauveur,  B.  Stoughton,  W.  Campbell,  H.  H.  Sweetser,  F.  L. 

Grammer,  and  J.  E.  Johnson,  Jr 1216 

Discussion  of  the  paper  of  W.  S.  Potter,  Manganese  Steel,  with  Especial  Itefer- 

ence  to  the  Relation  of  Physical  Properties' to  Microstructure  and  Critical 

Ranges.     By  A.  Sauveur,  and  Sir  Robert  Hadfield 1236 

Discussion  of  the  paper  of  Sir  Robert  Hadfield,  Manganese-Steel  Rails.     By 

W.  S.  Potter,  J.  W.  Richards,  and  Sir  Robert  Hadfield 1241 

Discussion  of  the  paper  of  S.  G.  Valentine,  Notes  on  Blast-Fumace  Operation 

with  a  Turbo   Blower.     By  J.   E.  Johnson,  Jr.,  S.   G.   Valentine,  J.  W. 

Richards,  K.  Nibecker,  G.  C.  Stone,  and  F.  L.  Grammer 1247 

Discussion  of  the  paper  of  Albert  Sauveur,  Notes  on  Some  Heating  and  Cooling 

Curves  of  Professor  Carpenter's  Electrolvtic  Iron.     By  H.  C.  H.  Carpenter, 

H.  M,  Howe,  G.  K,  Burgess,  H.  Le  Chatelier,  Sir  Robert  Hadfield,  C. 

Benedicks,  N.  Belaiew,  and  A.  Sauveur 1255 

Discussion  of  the  paper  of  C.  B.  Murray,  The  Need  of  Uniform  Methods  of 

Sampling  Lake  Superior  Iron  Ore.     By  W.  Kelly,  C.  B.  Murray,  J.  W. 

Richards,  R.  H.  Sweetser,  A.  J.  Ennis,  and  L.  S.  Austin 1269 

Discussion  of  the  paper  of  Robert  M.  Keeney,  Pig  Steel  from  Ore  in  the  Electric 

Furnace.     By  J.  W.  Richards,  and  J.  Crawford,  Jr 1289 
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DJacuBeion  of  the  paper  of  A.  N.  Diehl,  Data.  Pertaioiog  to  Gaa  Cleaoing  at  the 
Duguesne  Blast  Furnaces.  Efy  A.  E.  Maccoun,  F.  L.  Graouner,  A.  N. 
Diehl,  and  J.  W.  Richards 1296 

DiscuBsian  of  the  paper  of  Heinrich  J.  Freyn,  Notes  on  the  Utiliaation  of  Coke- 
Oven  and  BUflt-Furntice  Gas  for  Power  Purposes.  By  R.  Iamb,  A.  E. 
Maccoun,  H.  J.  Freyn,  J.  E.  Johnson,  Jr.,  R.  Motdenke,  J.  W.  Richards, 
and  E.  T.  Child 1306 

I>'scuasion  of  the  paper  of  William  N.  Best,  Scientific  iDstallations  for  the 
Economioal  Burning  of  Liquid  Fuel  of  Any  Specific  Gravity.  By  E.  H. 
Hamilton,  H.  O.  Hofman/E.  W.  Parker,  K.  Nibecker.  L.  Waldo,  W.  N. 
Best,  E.  G.  SpUsbury,  D.  T.  Day,  and  C,  W.  Washbume 131! 

Discus^on  of  the  paper  of  Charles  H.  Shamel,  Should  the  Apex  Law  be  Now 
Repealed?    By  R.  W.  Raymond,  E.  W.  Parker,  T.  J.  Wabh,  and  C.  H. 

Shamel 1317 

Discussion  of  the  paper  of  C.  K.  Leith,  RecTystalliiation  of  Umestone  at  Igneous 

Contacts.     By  W.  lindgren,  J.  F,  Kemp,  and  J,  D.  Irving 1329 

Discussion  of  the  papers  of  R.  W.  Raymond,  Our  Nat'onal  Resources  and  Our 
Federal  Government,  and  Geone  O.  Smith,  The  Dispositian  of  Natural 
Resources.    By  R.  W.  Raymond 1331 

Discussion  of  the  paper  of  Franklyn  W.  Oatman,  Water  Intrusion  and  Methods 

of  Prevention  in  Calirornia  Oil  Fields.     By  A.  Knapp 1337 

Discussion  of  the  paper  of  Charles  W.  Goodale,  The  Apex  Law  in  the  Drum- 
lummon  Controversy,  By  T.  J.  Wabh,  B.  W.  Raymond,  M.  K.  Rodgers, 
and  C.  H.  Shamel 1338 

Discussion  of  the  paper  of  P.  L.  Siser,  Good  Ideas  in  the  Mining  Laws  of  British 
Columbia  and  Meidoo.  By  S.  J.  Jennings,  W.  L.  Cuminga,  and  W.  B. 
MoKinlay 1*46 

Discussion  of  the  paper  of  Horace  V.  Winchell,  Why  the  Mining  Laws  Should  be 
Revised.  By  H.  Jennings,  S.  J.  Jennings,  G.  0.  Smith,  H.  V.  Winchell, 
J.  Kirkpatrick,  and  E.  B.  Howell 1351 

Discussion  of  the  paper  of  Albert  Burch,  The  Initiation  of  Title  to  Mineral 

Lands.    By  M.  K.  Rodgers,  G.  A.  Packard,  and  H.  V.  WincheU 1356 

Discussion  of  the  paper  of  George  Otis  Smith,  Ad  O'l-Land  Law.     By  E.  Coste, 

D.  T.  Dsy,  H.  Jennings,  and  G.  O.  Smith 1357 

Discussion  of  the  paper  of  E.  B.  Kirby,  Mining  Law  Revision.  How  to  Obtain 
It.  By  J.  B.  IVrell,  H.  V.  Winchell,  T.  J.  Walsh,  E.  B.  Kirby,  G.  A. 
Packard,  D.  M.  Riordan,  and  H.  Jennings I3C1 

Discussion  of  the  paper  of  Frederick  F.  Sharpless,  The  Segregation  and  CUaai- 
fication  of  the  Natural  Besources  of  the  Public  Domain.  By  R.  W. 
Raymond 1372 

Discussion  of  the  paper  of  C.  W.  Wbshburne,  Chlorides  in  O^l-Field  Waters. 

By  E.  Coste,  and  A.  C.  Lane. 1374 

Discussion  of  the  paper  of  1.  N.  Knapp,'Cementit^  Oil  and  Gas  Wells.     By 

A  Knapp,  0.  P.  Hood,  11.  Arnold,  and  V.  R.  Garfiaa,  and  I.  N,  Knapp. . . .  1375 

Discussion  of  the  paper  of  Hans  von  Hofer,  The  Origin  of  Petroleum,  By  A.  F. 
Lucas,  W.  C.  Phalen,  I.  N.  Knapp,  G.  S,  Rice,  C.  W.  Waahbume,  and  E. 
Coste 1382 

Discussion  of  the  paper  of  A.  C.  Boyle,  Jr.,  The  Geology  and  Ore  Deposits  of  the 
Bully  Hill  Mming  District,  GiJitornia.  By  E.  G.  Spilsbury,  G.  A.  Packard, 
and  L.  C.  Grat«n 1392 

Topical  discussion.  To  What  Extent  is  Chalcocitc  a  Primary,  and  To  What  Ex- 
tent a  Secondary,  M'neral  'n  Ore  Deposits.  By  L.  C.  Graton,  J.  D.  Irving, 
T.  T.  Read,  F.  L.  Ransome,  W.  Lindgren,  and  J.  F,  Kemp 1395 

Topical  discussion,  The  O'l  Shales  of  Elko,  Nov.  By  R.  M.  Catlin,  F.  M.  Ander- 
son, and  E.  Coste 1402 
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SALT  LAKE  CITY  MEETING 

Tlie  One  Hundred  and  Eighth  Meeting  of  the  Institute, 

for  the  presentatiott  and  discussion  of  technical  papers, 

will  be  held  at  Salt  Lake  City,  Utah,  August  zo  to  14,  1914. 

Institute  Headquarters  wilt  be  at  the  Hotel  Utah,  where 

the  technical  sessions  will  be  held. 

In  view  of  the  heavy  influx  of  tourists  to  Utah  in  August, 
members  who  contemplate  attending  the  Salt  Lake  meet- 
ing are  urged  to  communicate  with  ihe  Secretary  of  the 
Institute  or  the  Chairman  of  the  Local  Committee,  R-  C. 
Gemmell,  P.  O.  Box  1169,  Salt  Lake  City,  Utah,  at  as 
early  a  date  as  possible,  in  order  that  provision  may  be 
made  for  suitable  hotel  accommodations. 
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BOARD  OF  DIRECTORS 

Meeting  of  May  22,  1914. — President  Thayer  aaDouDced  the  appoint- 
ment of  the  following  Committee  on  Airangements  for  the  San  Francisca 
meetinK  of  1915:  Charles  W.  Merrill,  Chairman;  F.  W.  Bradley,  Abbot 
A.  Hanks,  S.  B.  Christy,  and  H.  C.  Jloover, 

President  Thayer  announced  the  appointment  of  the  followii^  Com- 
mittee on  Organization  for  the  Utah-Nevada  Local  Section:  R.  C.  Gem- 
mell,  Chairman;  C.  D.  Blood,  Lafayette  Hanchett,  Ernest  Gayford; 
Duncan  MacVichie,  and  George  W.  Riter. 

The  President  of  the  Institute  offered  $100,  to  be  known  as  the  "  Presi- 
dent's Prize,"  to  be  used  as  prizes  for  the  best  papers  submitted  by  mem- 
bers of  the  AfRUated  Student  Societies,  to  be  divided  as  follows:  First 
Prize,  $50;  Second  Prize,  $30;  Third  Prize,  $20.  A  committee,  consisting 
of  J.  F.  Kemp,  Chairman;  W.  L.  Saunders,  and  T.  T.  Read,  was  appointed 
to  report  on  the  conditions  to  govern  the  award. 

The  President  announced  the  appointment  of  the  Committee  on  Min- 
ing and  Milling  Methods,  the  personnel  of  which  is  shown  on  a  subsequent 
page  of  this  B'uUetin. 

The  following  were  appointed  on  the  Advisory  Committee  to  the 
U.  S.  Bureau  of  Standards,  to  represent  the  manufacture  of  the  various 
non-ferrous  metals  as  indicated:  Copper,  F.  L,  Antisell;  Nickel,  David 
H.  Browne;  Lead,  H.  O.  Hofman;  Aluminum,  J,  W.  Richards;  Zinc, 
G.  C.  Stone. 

It  was  voted  to  hold  a  meeting  of  the  Institute  under  the  auspices  of 
the  Iron  and  Steel  Committee,  the  Committee  on  Petroleum  and  Gas. 
and  the  Committee  on  Coal  and  Coke,  in  Pittsburg,  Pa.,  Oct.  8,  9,  and 
10,  1914. 

E.  Gybbon  Spilsbury  was  appointed  as  representative  of  the  Institute 
on  the  special  committee  recommended  by  the  Library  Board  to  consider 
the  general  question  of  the  duplication  of  exchanges  of  publications  and 
the  possibility  of  retrenchment  of  the  expenses  incurred  by  these  ex- 
changes. 

W..L.  Saunders  was  appointed  a  delegate  to  represent  the  Institute 
at  the  meeting  of  the  National  Foreign  Trade  Convention,  May  27-28. 
1914,  at  Washington,  D.  C. 

Forty-four  Members  and  five  Associates  were  elected  to  membership 
in  their  respective  classes. 

The  resignations  of  three  Members  were  accepted. 

The  deaths  of  six  Members  were  reported. 

The  By-laws  of  the  Pennsylvania  Anthracite  Local  Section  were 
approved. 


ENGINEERS  AVAILABLE 

(irnder  this  heading  will  be  published  notes  sent  to  the 
Secretary  ot  the  Institute  by  members  or  other  peKons.) 
Recent  graduate  desires  position  as  surveyor  or  assistant  to  mining 
geologist.     No.  112. 

Member,  technical  graduate  with  varied  experience  covering  milling, 
cyaniding,  plant  design,  mill  and  dam  construction,  undei^ound  work, 
and  executive,  examination  and  reporting  on  mining  properties,  desires 
position  as  superintendent  of  gold  and  silver  property  in  United  States 
or  Latin  America.     No.  113. 


.coy  Google 


American  Institute  op  Mining  Enqinbers  vii 

Experienced  cyanider,  chemist,  metallurgist,  and  mining  ei^ineer 
desires  position  as  metallurgist  or  superintendent  of  mine  and  mill.  No. 
114. 

Member,  graduate  engineer,  aged  26,  with  experience  in  engineering 
with  coal  and  iron  mining  companies,  desires  position  as  chief  engineer 
in  charge  of  surveying,  drafting,  construction.     No.  115. 

Member,  technical  graduate,  aged  35,  with  experience  as  mining 
engineer,  metallurgist,  and  manager,  and  as  an  instructor,  desires  position 
in  practical  work  in  mining  or  metallurgy,  or  as  instructor  in  mining, 
metallurgy,  and  chemistry.     No,  116, 

Member,  experienced  superintendent  and  manager,  successful  in 
development  problems  or  in  operating  mines  in  United  States  and  Mexico, 
at  present  employed,  desires  change.     No.  117. 

Member,  aged  27,  married,  at  present  assistant  to  general  superin- 
tendent of  bituminous  coal  mining  company,  technical  graduate, 
familiar  with  metal  mining  in  Michigan,  Colorado,  and  Idaho,  desires 
teaching  position.     No.  IIS. 


Members  (tnd  guests  who  registered  at  Institute  headquarters  during 
the  period  May  10  to  June  10: 

Rene  de  SalUer,  New  York,  N,  Y.  Karl  Koelle,  San  Luis  Potosi,  Mexico. 

H.  S,  Chamberlain,  Chattanooga,  Teiui.      W.  A.  Wilaon,  Satt  Lake  City,  Utah. 
F.  R.  Pratynum,  Oyster  Bay,  N.  Y.  P,  E,  Barbour,  Candor,  N.  C. 

R.  Bustice,  South  Australia.  R,  C,  Blanchard,  London,  England. 

F.  C.  Daiaj,  South  AustraUa.  S.  K.  Tong,  Shanghai,  Chioa. 

Grant  H.  Tod,  Livermore,  Cal.  W,  T,  Bums,  Great  Falls,  Mont. 

J.  Hurray  CUrk,  Toronto,  Canada.  F.  W.  Bacom,  Butte,  Mont. 

.  H.  Adams,  Birmingham,  Ala.  E.  B.  Pulsifer,  Chicago,  111. 

A.  Faison  Dixon,  Encontrador,  Veneiuela.     Dwight  £.  Woodbridge,  Duluth,  Minn. 
C.  W.  HerriU,  Sai^  Francisco,  Cal.  Heinrich  Ries,  Ithaca,  N,  Y. 

Francia  Chtudi  Lincoln,  Boston,  Mass.         H.  L,  Slosson,  San  Francisco,  Cal. 

Frank  R.  Corwin  has  severed  his  connection  with  the  Arizona  Copper 
Co.,  Clifton,  Ariz.,  and  is  now  shift  superintendent  at  the  smelting  plant 
of  the  Copper  Queen  Consolidated  Mining  Co.,  Douglas,  Ariz. 

Percy  E.  Barbour  has  resigned  as  manager  of  the  Uwarra  Mining  Co., 
Candor,  N.  C,  and  will  spend  the  summer  in  Maine, 

Ralph  E.  Palmer,  consulting  engineer  for  the  Rio  Ttnto  Copper  Co., 
has  opened  an  office  for  consultii^  work  at  3  Lombard  Street,  London, 
England, 

Charles  P.  Perin,  of  New  York,  consulting  ei^ineer  for  the  Tata  Iron 
&  Steel  Co.,  India,  has  sailed  for  India,  and  will  make  extended  stops  in 
Chins  and  Japan, 

Prof.  H.  R.  Robbins,  of  the  State  College  of  Washington,  will  spend 
the  summer  making  explorations  in  Yukon  Territory, 

On  June  10,  Dr.  F.  G.  Cottrell,  of  the  Western  Division  of  the  United 
States  Bureau  of  Mines,  and  formerly  of  the  University  of  California, 
delivered  an  illustrated  lecture  at  Salt  Lake  City,  under  the  auspices  of 
the  Utah  Society  of  Engineers,  on  The  Process  of  Smelter  Smoke  Control, 

D.  A.  Lyon,  of  the  U.  S.  Bureau  of  Mines,  who  during  the  past  winter 
has  given  a  series  of  lectures  at  Princeton  and  at  Harvard  on  the  subject 
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of  electrothermics,  has  recently  completed  a  series  of  lectures  on  the  same 
subject  at  the  University  of  Utah. 

John  A.  Fulton  is  engaged  to  be  married  to  Miss  Maria  Anita  Bertheaii, 
of  San  Francisco.  The  wedding  will  take  place  some  time  during  the 
coming  summer. 

P.  A.  Seibert,  who  is  connected  with  the  Concordia  mine.  La  Paz, 
Bolivia,  is  taking  a  vacation,  his  address  being  35  bis  rue  de  ViUiers, 
Neuilly-sur-Seine,  prfe  Paris,  France. 

W.  L.  Remick  has  been  transferred  from  the  Alaska  Gold  Mining  Co., 
Juneau,  Alaska,  to  the  Eagle  River  Mine,  Eagle  River,  Alaska. 

Edmund  von  Maltitz  has  resigned  his  position  as  Metallurgical  Engi- 
Qeer  of  the  Jones  &  Laughlin  Aliquippa  Works,  Woodlawn,  Pa.,  to  become 
manager  of  the  Hess  Steel  Castings  Co.,  Bridgeton,  N.  J. 


COLUMBIA  LOCAL  SECTION 

Executive  Committee 

F.  A.  Thowbon,  Chairman 

George  W.  Roddewig,  Vice-Ckairman 

L.  K,  Arhstronq,  Secr^ry-Treaaurer, 

P.  O.  Drawer  2154,  Spokane,  Wash. 
R.  S.  McCapfehy  S.  H.  Richaadsdn 

The  quarterly  meeting  of  the  Columbia  Local  Section  of  the  Institute 
was  held  in  Pullman,  Wash,,  May  16-17,  1914,  as  a  joint  meeting  with 
the  Spokane  Sections  of  the  American  Institute  of  Electrical  Engineers 
and  the  American  Society  of  Civil  Engineers,  each  holding  separate 
sessions  on  the  afternoon  of  the  16th  with  a  joint  meeting  in  the  evening. 

The  Section  meeting  was  held  in  Science  Hall,  the  Chairman,  Prof. 
Francis  A.  Thomson,  presiding.  E.  Jacobs,  Secretary  of  the  Western 
Branch  of  the  Canadian  Mining  Institute,  acted  as  Joint  Secretary'. 
About  35  members  and  guests  were  present. 

H.  C.  Bellinger,  formerly  Metallurgical  Manager  of  the  Great  Cobar 
Co.,  Ltd.,  N.  S.  W.,  Australia,  described  the  Horwood  process. 

Papers  as  follows  were  presented  and  discussed: 

A  Smelting  Furnace  for  Cyanide  Precipitate,  by  P.  S.  Anderaoa. 
Mining  Methods  in  Rossland,  by  C.  E.  Loux. 

Geoiosical  Notes  on  a  Fart  of  Central  Idaho,  by  Prof.  D.  C.  livincstoa. 
Some  Notee  on  the  Ore  Depoeita  of  Republic,  Wash.,  by  A.  M.  BalJour. 

E.  Steidl,  of  the  U.  S.  Bureau  of  Mines  Rescue  Car,  spoke  on  the  mine 
rescue  service  of  the  Bureau,  and  E.  Jacobs  described  what  is  being  done 
along  similar  lines  in  British  Columbia  and  elsewhere. 

The  evening  was  occupied  in  joint  session,  J.  B.  Fisken  presiding. 
Mr.  Fisken  read  a  short  paper  on  the  benefit  to  the  young  engineer  of  an 
association  by  membership  in  the  local  section  of  either  of  the  societies 
represented  in  the  meeting,  and  C.  F.  Uhden  gave  a  stereopticon  lecture 
on  Power  Development  Along  the  Spokane  River. 

The  social  features  of  the  meeting  included  a  reception  at  the  Gymna- 
sium of  the  Washington  State  College  and  a  dinner  given  by  the  Faculty 
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and  served  by  the  Domestic  Scieace  department  of  the  College,  with 
music  by  the  College  orchestra,  at  which  about  175  persons  were  present. 
The  joint  session  was  followed  by  a  dance  at  the  Armory. 

L.  K.  Arustbono,  Secretary. 


BOSTON  LOCAL  SECTION 

Exeoitive  Committee 

Henby  L.  Smyth,  Chairman 

Alfred  C.  Lane,  Vice-Chairman 

AuGUBTua  H.  EusTiB,  Secretary-Treasurer,  131  State  St.,  Boston,  Mass. 

Timothy  W.  Spbague  Henby  A.  Wentwohth 

Twentieth  Meeting 
The  Twentieth  meeting  of  the  Boston  Local  Section  of  the  Institute 
was  held  at  the  Engineers'  Club,  2  Commonwealth  Avenue,  Boston, 
Monday  evening,  May  4,  1914,  at  7  o'clock.  There  were  28  members 
present.  The  Chairman,  Henry  L.  Smyth,  presided.  Prof.  Albert 
Sauveur  delivered  an  address  upon  the  nature  of  steel  and  its  treatment, 
illustrated  by  lantern  slides,  and  R.  W.  Wolfard  showed  a  mathematical 
chart  on  which  it  is  possible  to  represent  the  total  work  done  by  a  steam 
engine,  or  an  air  compressor,  or  other  similar  machine,  by  a  plotted  scale 
on  a  straight  line.  The  chart  may  be  used  to  determine  teraperature- 
pressure-volume  relations  of  gases  and  for  other  purposes. 

AxjGOBTOB  H.  EusTiB,  Secr^ry. 


SAN  FRANCISCO  LOCAL  SECTION 

Executive  Committee 

S.  B.  Christy,  Chairman 

H.  C.  HooVBH,  Vice-Chairman 

Abbot  A.  Hanks,  Secretary-Treamrer,  6.30  Sacramento  St.,  San  Francisco, 

Cal. 

F.  W.  Bbadley  C.  W.  Merrill 

The  second  meeting  of  the  San  Francisco  Local  Section  of  the  American 
Institute  of  Minii^  Engineers  was  held  on  the  evenii^  of  March  31,  in 
the  quarters  of  the  Engineers'  Club,  Hotel  Sutter,  Prof.  S,  B.  Chrbty 
in  the  Chair  and  40  members  and  guests  present. 

Gardner  F.  Williams  delivered  an  interesting  address  on  Current 
Views  of  the  Origin  of  the  Diamond,  which  was  illustrated  with  lantern 
slides. 

The  total  enrollment  to  date  is  44. 

Abbot  A.  Hanks,  Secretary. 
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LIBRARY 

American  Institute  of  Electrical  Enqinbers 
American  Society  of  Mechanical  Enqineers 
American  Institute  of  Mining  Enoinebrs 
United  Engineering  Society 

William  B.  Cutter,  Librariaa 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  cont^ng 
about  55,000  volumes,  including;  sets  of  technical  periodicab  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  e^tceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The 
Library  is  prepared  to  furnish  references  and  copies  of  articles  on  mining 
and  metallurgical  subjects;  to  determine  the  existence  of  mining-maps, 
and  to  furnish  general  information  as  to  the  geology  and  mineral  resources 
of  ail  countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

New  Books  on  Mining 

Coal  Minino  Practice.     Bull.  4,  lUinoiH  Coal  MininR  Investinationa  Co-operstive 

Ap^emcnt,     Urbana,  1914.     (Gift  of  Illinois  Coal  Mining  Investigations,  etc.) 

'  Electric  Blastino  Apparatus  and  ExPLOsivBa:  with  special  reference  to  colliery 

practice.     By  William  Maurice.    London,  n.  d. 

Mine  Sionboardb.    Technical  Paper  67,  V.  S.  Bureau  ot  Minea.    Washington,  1913. 

New  Books  on  Metallurgy  and  Chemistry 

Electric  Fuhnaces  for  Masinq  Iron  and  Stbbl.     Bull.  No.  67,  U.  8.  Bureau  of 

Minea.    Washington,  1914. 
GRrNBLAaEN  DBR  Kokb-Chemie.     Ed.  2.     By  Oskar  Simmersbach.     Berlin,  19H- 
Handbuch  deh  MiNERALSCHEMiE.     Band  II,  pt.  5.     By  C.  Doeiter.     Dresden,  19H- 
Metalluroy  op  Copper.     By  H.  O.  Hofman.     New  York,  McGraw-Hill  Book  Co., 

1914.     Price  15.     (Gift  of  Publishera.) 
[Note. — This  is  another  volume  in  Professor  Hofman's  comprehenaive  series,  ot 
which  I  recently  noticed  hia  "General  Metallurgy."    Three  further  volumes  are 
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announced  aa  in  preparalion,  on  the  metaJlurgy  of  lead  (a.  revision  and  enlargement 
of  hifl  former  treatise  on  that  Biibject);  the  minor  metnU;  and  gold  and  silver.  No 
metatlui^ist  needs  to  be  told  how  excellent  are  the  qual  ifi cation h  of  Professor  Hofman 
for  nork  of  this  kind.  His  career  as  a  practitioner,  investigator,  inBtructor,  critic 
and  author,  marked  hiro  long  ago  as  an  authority  of  the  first  rank.  It  is  a  boon  and 
bteBBing  to  his  etudents  and  profeHsional  colleagues  that  he  is  crowning  his  labors 
with  this  classic  series  of  metallurgical  treatises. 

Professor  Hofman's  preface  neatly  characterises  the  present  volume  as  intended 
to  meet  the  demands  of  tne  metallurgist  of  to-day,  by  presenting  the  principal  physical 
and  chemical  facts  about  the  metal,  its  alloys  and  its  important  compounds;  recording 
whatever  is  of  lasting  value  in  the  older  practice^  and  describing  in  detail  the  methods 
of  the  present  day.  He  is  warranted  in  declarmg  that  there  does  not  exist  another 
modem  book  which  covers  the  entire  ground  as  this  one  aims  to  do. 

Moreover,  the  plan  has  been  admirably  executed,  within  the  compass  of  576  pages, 
with  the  aid  of  numerous  illustrations,  and  of  two  other  features,  which  deserve 
special  mention.  The  first  of  these  is  the  omission  of  those  statements  of  general 
principles,  etc.,  common  to  all  metaUurgical  operations,  which  have  been  set  forth 
.  ahready  in  Professor  Hofman's  "General  Metallurgy."  In  this  way,  the  book  has 
been  relieved  from  the  annoying  necessity,  which  has  spoiled  so  many  technical 
summaries,  of  giving  so  much  space  to  inadequate  preliminary  disquisitions  as  to  have 
too  little  space  for  adequate  accounts  of  practice.  The  other  feature  is  the  abundant 
supply  of  footnote  and  bibliographical  references,  with  the  aid  of  which  the  reader 
can  pursue,  with  regard  to  any  subject  treated,  a  thorough  research,  testing,  as  wel!  as 
complementing,  the  opinions  of  the  author.  Among  these  sources  of  information,  a 
surprisingly  large  number  are  private  letters  from  persons  named,  proving  with  what 
intelligent  and  tireless  industry  Professor  Hofman  has  collected  the  data  for  his  con- 
clusions by  personal  travel  and  correspondence,  as  well  as  by  exhaustive  study  of 
technical  literature.  Students  of  metallurgy  are  well  aware  that  treatises  compiled 
from  published  essays  only  are  too  likely  to  omit  important  information,  which  could 
be  secured  by  personal  inquiry,  but  has  not  been  put  in  print.  Indeed,  the  leaders  of 
practical  progress  in  this  art  have  found  out  a  good  deal  more  than  they  have  told; 
and  this  is  the  result,  not  of  their  unwillingness,  but  of  their  lack  of  time,  to  tell. 
Usually,  moreover,  I  have  found  that  they  dislike  to  "rush  into  print"  with  mere 
"reports  of  progress,"  preferring  to  wait  until  they  can  offer  something  more  conclu- 
sive. Yet  I  have  not  found  them,  as  a  rule,  unwilling  to  answer  questions  frankly; 
and  I  am  grateful  when  an  authority  like  Professor  Hofman,  enjoying  their  confidence, 
and  knowing  what  he  wants  which  they  can  give  him,  taps  this  reservoir  of  unpub- 
lished  knowledge  for  the  benefit  of  us  all. — R.  W,  R.] 
Screen  Scajji  Sieves  Made  to  a  Fdckd  Ratio.     By  G.  A,    Disbro.     N.  p.,  n.  d. 

{Gift  of  W.  S.  Tyler  Co.) 
Taschenbcch  des  Chemischgn  Technolooib.    Vols.   1-2.     By  Wilhelm  Bcrsch. 
Wien,  1914. 

New  Books  on  Geology  and  Mineral  Production 

Certain  Phases  of  Soperjicial  Diffusion  in  Okb  DBposiTS.     By  R.  A,  F.  Pen- 
rose, Jr.     N.  p.,  n.  d.     (Gift  of  Author.) 
CoNTSiBPTioNS  TO  ECONOMIC  Geologt,  1912.    Pwt  1 — Metab  and  non-metals  except 

fuels.  Bull.  540,  U.  S.  Geological  Survey.  Washington,  1914. 
Ekoinbbrinq  Geology.  By  Heinrich  Ries  and  T.  L.  Watson.  New  York,  J.  Wiley 
&  Sons,  1914.  Price  H.  {Gift  of  Publishers.) 
[Note.-— The  authors  of  this  book  are  professors  of  economic  geology,  the  first 
at  Cornell,  and  the  second  at  the  University  of  Virginia:  and  the  book  is  based  upon 
the  instruction  given  by  them,  in  special  courses  to  students  of  civil  engineering,  on 
geology  as  applied  in  that  art.  The  title  is  not  felicitous,  since  the  subject  is  not  a 
particular  kind  of  geology.  But  the  work  itself  is  a  useful  compendium  of  such  facts 
and  principally  of  geolc^y  as  may  advantageously  be  taught  to  hard-worked  students 
of  engineering  who  cannot  be  expected  to  master  all  the  departments  of  thatnow 
complex  and  comprehensive  science.  It  deals  in  seventeen  chapters  with  the  rock- 
forming  minerals;  the  general  characters,  mode  of  occurrence,  and  origin  of  rocks; 
their  structural  features  and  metamorphosis;  their  weathering  and  the  resulting  soils; 
the  action  of  rivers;  the  circulation  and  work  of  underground  waters;  the  effects  of 
landslides;  wave-action,  shore-currents,  and  their  relation  to  coasts  and  harbors; 
the  origin  of  lakes  and  their  relation  to  engineering  work;  glacial  deposits,  and  their 
economic  bearing;  building-stone;  limes,  cement  and  plaster;  clay  and  clay -products; 
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petroleum,  natural  gas  and  other  hydrocarbons;  road-foundationa  and  road-HnaterialH; 
and,  finally,  ore^epoeitB.  It  will  be  seen  that,  with  the  exceptiou  of  the  last  (diapter, 
the  book  deals  with  materials  which  the  civil  en^eer  must  use,  or  encoimter  as 
obiitacles,  in  his  work  of  building,  excavating,  dredgmg,  irri^ting,  etc.,  aod  the  oriKin, 
nature  and  consequent  behavior  of  which  he  ought  therefore  to  underatand.  The  bet 
chapter  presents  a  condensed  statement  of  the  science  of  ore-deposits,  not  sufficient 
for  mining  engineers  or  economic  geologists,  yet  not  directly  useful  to  any^body  else, 
except  as  a  atiniulus  to  further  etudy.  Yet  this  chapter,  like  all  the  rest,  is  comple- 
mented by  bibliographic  references,  not  too  numerous  or  antiquated,  but  exceedingly 
well  chosen,  to  the  literature  of  the  subject.  On  the  whole,  the  authors  must  be 
praised  for  giving  so  small  a  apace  to  this  department  of  economic  geolc^y,  which, 
of  course,  they  could  not  have  omitted  altogether.  They  are  to  be  oongratulated 
upon  a  work  which  occupies  a  sphere  of  its  own,  and  will  t>e  found  useful  by  teachers 
and  practitioners  alike. — R.  W,  R.] 
Geology  and  Mineral  Rbsoubces  of  the  Yiloarn  Goldfibld.     Part  1 — Southern 

CroHB.     Bull.  49,  Western  Australia  Geological  Survey.     Perth,  1913, 
Minerals  of  tke    Black  Hills.      Bull.   10,   South  Dakota    School    of    Mines 

Rapid  City,  1914. 
Mineral    Resources  of  Sottthwbstehn'  Orboon.     Bull.  543,  U.  S.    Geological 

Survey.     Washington,  1914. 

New  Books  on  Non-Metallic  Minerals 

Cement  Materials  and  Indostrt  in  the  State  op  Washinoton.  Bull.  4,  Wash- 
ington Geological  Survey.    Olympia,  1913. 

Clat  and  Shale  Deposits  op  the  Western  Provinces.  Part  II,  report  on. 
Memoir  25,  Canada  Department  of  Mines,  Ottawa.     1913. 

"  r  Coal  in  Canada.     Toronto,  1914,     (Gift  of  Canada  Conserva- 


DlFFERENTIATION  OF  NATURAL  AND  OiL  AsPHALTS.       By  E.  C.   PsiUer.      N.  p.,    U.  d. 

(Gift  of  CUfford  Richardson.) 
Driluno  Wells  in  Oklahoma  by  the  Mud-laden  Fluid  Method.    Technical 

Paper  68,  U.  S.  Bureau  of  Mines.     Washington,  1914. 
Mexican  Fuel  Oil.     New  York,  Anglo-Mexican  Petroleum  Products  Co.,  1914. 

(Gift  of  Publishers.) 
Tub  Silicates  in  Chemistry  and  Couuercg.    By  W.  and  D.  Aach;  translated  by 

A.  B.  Searle.    London,  1913. 

New  Books  on  General  Subjects 

Cambria  Steel.  A  Handbook  of  information  relating  to  atruotural  steel  manu- 
factured by  the  Cambria  Steel  Co.,  1914.  Johnstown,  1914.  (Gift  of  Geotge 
E.  Thackray.) 

Trade  Catalogues 

Brackett,  F.  W.  &  Co.,  Colchester,  En^nd.    The  "Elmore"  sampler.     1914. 
BocHANAN,  C.  G.  Co.,  New  York,  N.  Y.     Bull.  9,  Buchanan  all-steel  rock  and 

ore  crusher,  Type  "B." 
Chicago  Pneumatic  Tool  Co.,    Chicago,  111.    Bull.  154,  The  "Chicago  Stoper." 

Feb.,  1914. 
Colorado  Iron  Works  Co.,  Denver,  Colo.     Catalt^e  12-F,  Some  details  as  to 

smelting  practice  and  equipmentB. 
Denver  Fire  Clay  Co.,  Denver,  Colo.     Case  furnaces,     80  pp. 
Eij:cTRic  Storage  Battery  Co.,  Philadelphia,  Pa.      Bull.  146,  The   "Ironclad- 

Exide"  battery  for  storage  battery  locomotives.     May,  1914. 
Lai DLAw- Dunn-Go RDON   Co.,   Cincinnati,   Ohio.      Bull.   L-523-A,   Cincinnati   gear 

duplex  CorlisB  steam-driven  air  compressors,  Class  WA  and  XA.     Jan.,  1914. 
Lebchen  &  Sons  Rope  COj  St,  Louia,  Mo.    I-eachen'a  Herculea.     May,  1914. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.     The  Sludge  Bucket.     June,  1914. 
Sullivan  Machinery  Co.,  Chicago,  Bl.     Core  drilling  by  contract  with  Sulhvsn 

diamond  core  drills.     1914. 
SuppLEE-BiDDLE  HARDWARE  Co.,  Philadelphia,  Pa.     Monel  metal.     May,  1914, 
ilNDERPiNNiNa  4  FOUNDATION  Co.,  New  York,  N    Y.     "Hercules"  steel  pile  founda- 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persoos  who  became 
members  durii^  the  period  May  10  to  June  10,  1914. 


Abb,  Asaka,  Chief  \ 

Bacon,  Maurice  W.,  Genl.  Mgr Stewart  Mining  Co.  Butte,   Mont. 

Bacon,  Raymond  F^  Chem Director,  Mellon  Institute,  Pittsburg,  Pa. 

Baker,  Hamilton  Wallace,  Min.  Engr Femiey,  fs'ev. 

Von  Bater,  Acqubt  Hector,  Supt Kentucky  8olvay  Coke  Co.,  Ashland,  Ky. 

Bishop,  WhebijBr  Scott,  Research  Chem Care   Braden  Copper  Co., 

Rancagua,    Chile,    S.    A. 

BoWEN,  Chasles  Oilman,  Timekeeper 208  School  St.,  Grass  Valley,  Cal. 

BoTGR,  Samuel  L.,  Mine  Operator,  Mgr.,  Mike  Horse  Min.  Co.,  W.  2808  Boone  Ave., 

Spokane,  Wash. 
Brennan,  Wiluam  David,  Asst.  Genl.  Mgr.,  Union  Pacific  Coal  Co.,  Cheyenne,  Wyo. 
Browne,  deCoubct  B.,  Met.  Edkt.,  GcUdBchniidt  Thermit  Co.,  90  West  St., 

New  York,  N.  Y. 
Butchart,  William  Arthur,  Mfr.    Concentrating    Apparatus, 

605-^07  Mercantile  Bldg.,  Denver   Colo. 

Caknahan,  Gborqe  Holmes,  Mine  Mgr ...1111  Brown  St.,  £1  Paso,  Texas. 

CnsBiMO,    Daniel,    Met 7804    Carnegie    Ave,,    Cleveland,    Ohio. 

Deacon,  Ralph  W.,  Met.  Engr 309  Garden  St.    Mount  Holly,  N.  J. 

DbPencibr,  H.  p.,  Min.  Engr.,  Care  Canadian  Min.  &  Exploration  Co.,  Ltd. 

43  Kxchange  PUce,  New  York,  N.  Y. 

Dillon,  John  T Anyoi,   B.   C,   Canada. 

Ddnn,    Theodore   S,   Student Missouri  School  of   Mines,   RoUa,   Mo. 

Elder,  Robert  Baxter,  Supt.,  Cyanide  Plant,  Chiksan  Mines,  Chiksan, 

Chosen,  Korea. 

Fassbtt,  Newton  Crocker,  Assayer,  Chem 209  Wall  St.,  Spokane,  Wash. 

Fettke,  Charles  Rbinhard,  Instr.  m  geol.  and  mineral.,  Carnegie  Inst. 

of  Tech.,  Pittsburg,  Pa. 

GoODRicB,  David  M.,  Banker 60  Broadway,  New  York,  N.  Y. 

GooDSPEBD,  Georoe  Edward,  Jr.,  Asst.  Geol.,  Oregon  Bureau  of  Mines 

and  Geology,  Corvallis,  Ore. 

Hagnib,  WiLLLAM  R.,  Sales  Engr 30  Church  St.,  New  York,  N.  Y. 

Uallett,  William  J.,  Min.  Engr.,  Chief  Engr.,  Union  Pacific  Coal  Co., 

Rook  Springs,  Wyo. 
Handt,  Fred.  M.,  Asst.  Prof,  of  Econ.  Geol.,  Wash.  State  College  Pullman,  Wash. 
Havlin,  Thomas  Newell,  Prof,  of  Chem.  and  Met,.  State  School  oT  Mines,  Weir,  Kan. 
Hefpheb,  Herbert  Jors,  Divbion.  Supt..  .Lehigh  Valley  Coal  Co.,  Centralia,  Pa. 
Hbrr,LaitristonBenjamin',  Jr.,  Chem.,  Spanish-American  Iron  Co.,  Santiago,  Cuba. 

Heller,  Milton  White,  Min.  Engr 1331  Corona  St.,  Denver,  Colo. 

HiEBTEB,   Arthur  J,,   Assayer,   Resident  Engr. .  .Empire  Zinc  Co.,   Tucson,   Ariz. 

HoHLB,  Leonbard  John,  Cons.   Engr 525  Market  St.,  San  Francisco,   Cal. 

Ibuibara,  Kiukich,  Sub.  Mgr.,  Arakawa  &  Hisanichi  Mine,  Mitsubishi  Co., 

Hisanicbi   Mine,  Akita  Ken.,  Japan. 
ISBtWATA,  KiNNOSUKfi,  Mtft.,  Kanada  Cdlliery,  Tagawa-Gori,  Buzen,  Kyushu,  Jftoan. 

Johnson,  Horace  A.,  Mill  Foreman Desert  Power  &  Mill  Co.,  Millers,  Nev. 

Johnson,  Percival,  Genl.  Mgr Pulaski  Iron  Co.,  Pulaski,  Va. 

Kikkawa    IwAKt,  Chief  Engr Government  Heijo  Coal  Mine,  Chosen,  Korea. 

Latham,  Marcus  L.,  Cyanide  Milt  Supt.,  Simonds  &  Latham,  Melones, 

Calaveras  Co.,  Cal. 

Leb,  Howard  S.,  Min.  Engr.,  Supt Rainbow  Mines,  Rye  Valley,  Ore. 

LoNQiEAR,    J.    M.,    Capitalist Marquette,  Mich. 

McCoBMicK,  Alan  Fraier,  Met.,  Asst.  Supt.,  Cons.  Kansas  Siuetting  &  Refining  Co., 

El  Paso,  Texas. 
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McLellan,  James  J.,   Mine  Supt Wehb  City,  Mo. 

MtLLBB,   Joseph   Edwin,  County   Surveyor Lewislown,  Mont. 

Nbi^40n,  Chrihtopuer  Walter,  Hupt Granite  Hill  Mines,  Box  105,  Reno,  Nev. 

NoRDENHOLT,  Georoe  Dietrich,  Mill.  Engr.,  1219  Hullingsworth  BIdg., 

L<w  Angeles,  CaL 
Ohasui,  Takishi,  Prof,  of  Mining,  Ku mam oto  High  Tech.  Sohool,  Kumamoto,  Japan. 

Peacock,  Dan  Conlet,  Min.  Engr 515  N.  Sth  St.,  Brainerd,  Minn. 

Pelton,  Harold  A.,  Chem Care  Uaion  Oil  Co.  of  Cal.,  Avila,  Cal. 

PoacB,  Joseph  E.,  Geol U.S.  Geo|™ical  Survey,  Washington,  D,  0. 

PoHBRor,  Ralph  Euqbne  H.,  Smelter  Supt.,  Steptoe  Valley  Smelting 

&  Mining  Co.,  McGill,  Nev. 

PoHCH,  Edwin  L.,  Jr.,   Min.  Engr Verona,  Mich. 

Reilly,  William  C,,  Genl.  Supt,,  Youngstown  Sheet  &  Tube  Co.,  Youngstown,  Ohio. 

RiEoE,  Fred  Edward,  Met Care  Bertha  Mineral  Co.,  AustinviUe,  Va. 

Robertson,  Jasper  T.,  Mine  Supt Golden  Cycle  Mining  Co.,  Goldfield,  Colo. 

Rockwell,  Fred  Gore,  Min.  Engr Box  55,  Ishpeming,  Mich. 

Rogers,  Gbohob  Richard,  Min.  Engr.,  Gen.  Mgr.,  Mann  Mines,  Ltd., 

Box-  609.  Gowganda,  Ont.,  Canada. 

Rcpf,   Richard  A.,   Min.   Engr Croier  Land  Aaaociation,  Elkhom,   W.   Va. 

Rust,  Henrt  Bedinoer,  Special  Representative,  Babcock  &  Wilcox  Co., 

1177  Murray  Hill  Ave.,  Pittsburg   Pa. 

RypiNBKi,  J.  E.,  Min.  Engr.,  Aguacate  Mines San  Mateo,  Costa  Rica,  C.  A. 

Sallieh  du  Pin,  Rene  de    Min,  Engr 25  Broad  Street,  New  York,  N.  Y. 

Schaber,  Carl  F.,   Min.  Engr.. . TVrone,  N.  M. 

ScBRAPB,  Paol  Curtis,  Foreman,  Cyanide  Plant,  So,  Amer.  Dev.  Co., 

Box  656,  Guayaquil,  Ecuador,  S.  A- 

Souers,  Ransou  E.,  Instr.  in  Econ.  Geol Cornell  Univ.,  Ithaca,  N.  Y. 

Stampher,  Joseph  P.,  Min.  Engr.,  Underground  Supt., 

Empire  Steel  &  Iron  Co.,  Wharton,  Mt.  Hope,  N,  J, 
Steven,  Hugh  MacGreqor,  Min.  Engr.,  Canadian  Min.  &  Finance  Co., 

T^mmins,  Ont.,  Canada, 

Stotesburt,  Harold  W,,  Min.  Engr Tonopah   Mining  Co.,  Toaopah,  Nev. 

SuYDAM,  Albert  Godfrev,  Min.  Engr.,  Met Ohio  Copper  Co.,  Lark,  Utah. 

Tanner,  Wallace  N.,  Chief  Engr.,  .Anaconda  Copper  Mining  Co^Anaoonda,  Mont. 

Thomson,  Herbebt  G.,  Cyaniding Care  Globe  Con.  ^^in.  Co.,  Dedrick,  Cal. 

Uteno,  Kaoeaki 39  Sakuradamachi,  Aiabu,  Tokyo,  Japao. 

Valerito,  M.  M.,  Geol Clinton  Bldg     Tulsa,  Okla. 

Wallace,  Willi Au  John,  Supt,,  Cusi  Mining  Co.,  Cusihuiriachic,  Chih.,  Alexico. 

White,    Charles    Kenneth,    Min.    Engr Treadwell,  Alaska, 

Whittinghau,  Harold,  Min.  Engr.,  Supt,,  Miniera  Geanamari,  Ingurtosu, 

Arbus,  Sardinia,  Italy. 

WlcKSTKOM,  Clarence  L,  Cona.  Engr 314  Hyde  Blk.,  Spokane,  Wash. 

Wilson,   James    W,,   Supt.,   Lower   Dept.,    National   Tube   Co.,  McKeesport,   Pa. 

Wraith,  Charles  R,,  Chem, Anaconda  Oipper  Mining  Co,,  Anaconoa,  Mont. 

Wbiokt,  Percy  E,,  Mcch.  Engr.,  Coal  Mining  Plants,  424  New  York  Block, 

Seattle,  Wash. 

Associate  Members 


Junior  Members 

CoBNBLissEN,  Johannes,  Student ....  Hartley  Hall,  Columbia  Univ.,  New  York,  N.  Y. 
Muses,  Percival  Sneed,  Student,  Kappa  Sigma  House, 

Colo,   School  of  Mines.  Golden,  Culo. 

Candidates  for  Membership 

The  following  persons  have  been  proposed  during  the  period  Apr,  10 
to  May  10,  1914,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  members  and  associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
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catioDs,  favorable  or  unfavorable,  concerning  these  candidatea.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communicat'ons,  before  any  action  upon  these  names  by  the 
Committee,  After  the  lapse  of  this  period,  the  Committee  will  recom- 
mend action  by  the  Board  of  Directors,  which  has  the  power  of  final 
election. 


Chart«s  Edward  Addams,  Ray,  Arii. 

Proposed  by  Seeley  W.  Mudd,  Louis  S.  Cates,  W.  8.  Boyd. 

Born  1881,  Plymouth,  Pa.  1901-11,  Chief  Min.  Engr.  and  Mgr.  WesBelton  and 
Dutoetspati  Mines,  DeBeere  Con.  Diamond  Mines,  Ltd.,  Kimberley,  S.  Africa.  1911- 
12,  Gen]  Mgr.,  Voorapoed  Diamond  Mining  Co^Ltd. 

Present  position:  1913  to  date,  Asst.  Supt.,  Ray  Cons.  Copper  Co.,  Ray,  AriB, 

Harry  H.  Alexander,  Maurer,  N.  J. 

Exposed  by  F.  C.  Newton,  Clarence  P.  Linville,  L.  V,  Emanuel. 

Bom  1836,  Lexington,  Va.  Grad.  Va.  Niel  Institute.  Special  student  in  Chemis- 
try, University  of  Va.,  and  School  of  Mines,  Columbia.  1899^1908,  Supt.  and  Genl. 
Mgr.,  Colorado  Dept.,  American  Smelting  &  Refining  Co. 

Present  position:  1908  to  date,  Asst.  Mgr.  and  Mgr,,  Perth  Amboy  Plant,  Ameri* 
can  Smelting  A  Refining  Co. 

Arthur  Watta  Allen,  London,  E.  C,  England. 

Proposed  by  F.  Lynwood  Garrison,  R.  H.  Sanders,  Eli  T.  Conner. 

Bom  1879.  Devon,  England.  Technical  Schools,  Plymouth,  Eng.  1896-1902, 
St.  John's  College,  Cambridge,  F^ng,;  B.  A.  1910,  M.  A.  1904-05,  CVanide  Mgr., 
British  Exploration  Co.,  Auatralia.  1905-07,  Met.,  Weatralia  Mount  Morgans  Co., 
Australia.  1907-09,  Met.,  Palmareijo  de  Mexican  Co.,  Mexico,  1909,  Cons.  Met., 
Rio  Plata  Co.,  Mexico.  1909-10,  Cons.  Met.,  Torres  Mines  Co.,  Mexico.  1910-11, 
Met.,  Unijuay  Mines  Co,,  S,  A, 

l4«eent  position:  1912  to  date,  Met,,  Rhodesia  Gold  Mining  &  Investment  Co,, 
and  Reduction  Works  Mgr,,  Lonely  Reef  Mining  Co.,  8,  Africa. 

Mark  N.  Ailing,  Downieville,  Sierra  Co^  Cal. 

Proposed  by  ¥.  Lynwood  Garrison,  W.  S.  Morley,  E.  A.  Hersam. 

Bom  1879,  Stockton,  Cal.  1899,  Grad.  Stockton  High  School.  1903,  Univ.  of 
Cal.,  CoUege  of  Mines.  1901H)2,  Miner,  Hidden  Treasure  Drift  Mine,  Cal.  1903, 
ABsayer,  Gold  Bluff  Mg.  Co.,  Cal.  1904,  Grave!  examination  work,  Nome,  Alaska. 
1907,  En^neered  the  McKay  17-mile  ditch,  Nome,  Alaska.  1905,  Engineering  work, 
Solomon  River  Mg.  Co.,  Alaska.  1908,  tkigineering  work,  Northwestern  Dev.  Co., 
Alaska.  1907-08,  charge  of  Gravel  mine,  Nome,  Alaska.  1908,  tracing,  locating, 
and  developing  ancient  river  beds  of  Cal. 

Present  position:  Mining  and  Civil  Engineering  office,  Downieville,  Cal.;  County 
Surveyor  of  Sierra  County. 

Lealie  Douglass  Anderson,  Midvale,  Utah, 

Proposed  by  W,  G.  Sharp,  C.  F.  Moore,  Ernest  Gayford. 

Bom  1879,  Ishpeming,  Mich.  1896,  High  School.  1901,  Univ.  of  Michigan; 
B.  S.  in  M,  E.  1901-02,  Erecting  machinist  and  draftsman,  Nordberg  Mfg.  Co. 
1902-03,  Draftsman,  Bucyrus  Co  1903-04,  Mech.  Engr.,  Champion  Copper  Co. 
1904-05,  Checker,  Bucyrus  Co.  1905-Ofl,  Chief  Engr  Arizona  Smelting  Co.  1906- 
12,  Draftsman  and  Asst.  Chief  Engr.,  U.  8,  Smelting,  Refining  &  Mining  Co. 

Present  position :  1912  to  date,  Supt.,  U.  S.  Smelting  Co, 

John  Carter  Anderson,  Coalinga,  Cal. 

Proposed  by  Franklin  W.  Smith,  Ernest  D.  Uersam,  T.  T.  Read. 

BOTn  1886j  Woonsocket,  S.  D.  1904,  Sioux  City,  Iowa,  High  School.  1909, 
School  of  Mines,  Univ.  of  Cal.,  Berkeley,  Ca!,  1906,  Greene  Cons.  Copper  Co., 
Cananea,  Mexico,  surveying.  1907,  Ariibe  Mining  Co.,  Cananea,  Mexico,  Under- 
ground and  surface  surveying.  1908-1909,  Director  and  Treas.,  Anderton  Packing  Co., 
Sioux  City,  Iowa.  1909,  Tranaitman,  City  Engr.  Sioux  City,  Iowa,  School  of  Mines, 
Univ.  of  Cal.  1910,  Kern  Trading  &  Oil  Co.,  Coalinga  and  Casraalia,  Cal.  1911-13, 
Director  and  Sec'y,  Taft  Petroleum  Co.,   Casmalia,  Cal, 

Present  position:  Standard  Oil  Co.,  Coalinga,  Cal, 
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CharleB  Seel^e  Arms,  Toledo.  Ohio. 

Proposed  by  J.  Burns  Read,  A.  W.  Smith,  Mark  A.  Aramon. 

Born  1890,  Cleveland,  Ohio.  1904-08,  Central  High  School,  Cleveland,  Ohio, 
1908-12,  Grad,  in  Min.,  B.  S.,  Caao  School  of  Applied  Sdence,  Cleveland,  O.  1912- 
13,  Student  in  Metallurgy  and  Metallography,  Royal  Technical  School,  Charlotteii- 
burg,  Germany.  Summer,  1911,  Underground  work,  Silver  King  Mine,  Park  GW, 
Utah. 

Present  position :  1913  to  date,  Asst,  Met.,  WiUya-Overland  Co.,  Toledo,  Ohio. 

Arttiur  Austin,  Tooele,  Utah. 

Proposed  by  Leonard  S.  Austin,  Alonco  F.  Bardwell,  William  Wraith. 

Bom  1884,  Murray,  Utah.  1901,  Grad.  Manual  Training  High  Schod.DeDver, 
Colo.  1905,  Grad.  Colorado  School  of  Mines;  E.  M.  1906,  Special  work,  Micbigao 
College  of  Mines.  1908-11,  Chemist,  Washoe  Reduction  Wks.,  Anaconda,  Mont. 
1911'14,  Chemist,  Tooele  Smelter,  International  Smelting  &  Refining  Co.,Tooe)e, 
Utah. 

Present  position;  Chief  Testing  Engineer,  Tooele  Smelter,  Tooele,  Utah. 

John  BarafwanatiL  Morococha,  Peru. 

Proposed  by  J.  F.  Kemp,  Charles  P.  Berkey,  Alfred  J.  Moses. 

Bom  1884.  Grad.  Columbia  College  about  1907  and  specially  devoted  himself  to 
geology,  mining  and  metallurgy.  Remained  as  a  graduate  atudent  for  a  year,  taking  a 
Master's  degree  in  these  branches.  Was  a  member  of  an  expedition  of  the  American 
Museum  in  Ecuador  for  a  year;  became  engineer  of  a  placer  property  in  Ecuador; 
later  of  a  deep  mine  whose  complicated  vein  aystem  he  mapped  and  solved;  and  a 
now  captain  of  the  San  Francisco  Mine  of  the  Morococha  Co.,  Peru. 

Present  position:  Captain,  San  Francisco  Mine,  Morococha,  Peru. 

Alexander  Conn  Beeaon,  Washington,  Pa. 

Proposed  by  J.  M.  Clark,  C.  E.  Kiebs,  J.  8.  Cunningham. 

Bom  1876,  Mt.  Braddook,  Pa.  1897,  Washington  and  Jefferson  College,  Washinji- 
ton,  Pa.;  B.  S.  1897-99,  Taught  French,  German  and  Math.,  ChambershuM  Acad- 
emy, ChamberBbui^,  Pa.  1899-1903,  H.  C.  Frick  Coke  Co.,  afterward  U.  S.  Ste*l 
Corpn.,  as  Chainman,  Levelman,  Transibman  and  Asst.  Engr.,  on  mining,  oonstnic- 
tion  and  railroad  work,  including  the  building  of  several  coke  plants  complete.  1903- 
04,  Division  Engr.,  Httshurg-Buffaio  Co.  of  Pittsburg,  Pa.  Designed  and  built 
coal  plants  for  this  company  at  Burgettstown,  Pa.,  and  Johnetta,  Pa.  1901-09, 
Construction  Engr.,  Pittsburg-Buffalo  Co.,  designed  and  built  coal  plants  at  Canon»- 
burg.  Pa.,  and  Marianna,  Pa. 

FV(»ent  position:  1909  to  date.  Chief  Engr.,  Pittsburg-Buffalo  and  Four  States 
Coal  &  Coke  Companies. 

Thomas  Ponr  BillinEB,  Salt  Lake  City,  Utah. 

Proposed  by  R.  C.  GemmeU,  Alfred  Frank,  W.  A.  Wilson. 

Bom  1883,  Salt  leke  City,  Utah.  1889-97,  Salt  Lake  Public  Schools.  1897-1901, 
Salt  Lake  High  School.  1901-03,  Univ.  of  Utah.  1904-06,  Univ.  of  Utah;  B.  S., 
E.  M.  Nine  years'  practical  oxporieacc.  1903-04,  Hydraulic  Survey,  State  of  Vtah, 
helper.  1906,  Transitman  on  railroad  and  power  plant  locations.  1907,  Field  Engi- 
neer, Ohio  Copper.  1908,  Millman,  Boston  Con.  Co.  1908,  Transitman,  Utah  Cop- 
per Co.     1909-10,  Min.  Engr,,  Nevada  Utah  Min.  Co.     1910,  Assayer,  Bingham  Mines 

1  Mines  Co.  and  Eagle  Kue- 

Reginald  G.  Bowman,  Salt  Lake  City,  Utah. 

Proposed  by  William  Wraith.  E.  P.  Mathewson,  F.  F.  Fridt. 

Born  1886,  Pueblo,  Colo.  1891-1903,  Public  Schools,  Pern,  Ind.  1904-fl6, 
Colo.  School  of  Mines,  Golden,  Colo.  1907-08,  Special  work,  Qraanic  Cheroi»tr>-. 
George  Washington  Univ.,  Washington,  D.  C.  1909-11,  Colo.  Schod  of  Mines. 
Golden,  Colo.;  E.  M.  1903-04,  Asat.  Chemist,  Peru  Steel  Casting  Co..  Peru,  Ind. 
1906-07,  Asst.  Assavcr,  Vindicator  Cona.  Gold  Mining  Co.,  Independence,  Colo. 
1907-08,  Asst.  Chem'ist,  U.  S.  Bureau  Int.  Rev.,  Washington.  D.  C.  1908-09,  As<-1. 
Examiner,  U.  S.  Patent  Office,  Washington,  D.  C.  1910,  Field  Geol.,  Colo.  State 
Geological  Survey.  1911-12,  Asat.  Engr.,  Butte,  Anaconda  &  Pacific  Ry.,  Anacwida 
Mont.     1912-13,  Chemist  and  Foreman,  Copper  Extraction  Co.,  Anaoonda,  Moot. 

Present  position:  Statistician,  International  Smel^g  Co. 
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Jesse  Tajlor  Boyd,  Arden,  Nev. 

Proposed  by  Russell  B.  Paul,  Cony  T.  Brown,  Robert  Hursh. 

Bom  1883,  Cornwall,  Pa.  Common  School,  Lebanon,  Pa.  1903-08,  Colorado 
School  of  Mines;  £.  M.  189d-99,  General  experienne  in  machine  shopa  and  mine, 
Cornwall  Ore  Banks  Co.,  Cornwall,  Pa.  1899-1901,  Lackawanna  Iron  &  Steel  Co., 
engineer  corps,  coke  oven  conatruotion.  1901-03,  Railroad  Contracting  for  Penn. 
Nickle  Plate  Road.  1903-1911,  General  experience  with  Camp  Bird  Mines;  vaca- 
tions at  mine  sahool,  1904r-08;  1909-1911,  with  oompany  aa  resident  engineer,  1912, 
Geal  Supt.  North  Americaa  Smelting  Co.,  Perth  Road,  Ont.  1013  to  present,  witb 
Empire  Zinc  Co.  as  eneineer. 

Present  position:  Supt.,  Potosi  Mine,  Arden,  Nev. 

Harry  Cyril  Boydell,  Brokpan,  Transvaal^S.  Africa. 

Proposed  by  James  E.  Thomas,  Walford  K.  Dowling,  Thomas  T.  Read. 

Bom  1873,  Berkshire,  England.  1890-95,  New  Zealand  Univ.;  B.  8.  Otago 
School  of  Mines  (N.  Z.)  1896,  First-Class  Mine  Manager's  Certificate,  N.  Z.  1913, 
First-CloBs  Mine  Manager'a  Certificate,  Transvaal.  1895-97,  Mine  Manager,  Preece's 
Point  Co.,  Coromandd,  N.  Z.  1898,  Met.,  New  South  Wales  Goldfields,  Ltd., 
Sydney.  1899,  Mgr.,  Sunbght  G.  M.  Co.,  Btillgrove,  N.  S.  W.  1900-07^  Lecturer, 
ElendiKo  School  of  Mines,  Victoria.  1908-11,  Practising  as  Min.  Engr.  m  Bendigo 
and  Melbourne. 

Present  position:  Government  Giold  Mining  Areas,  Ltd.,  Transvaal,  S.  Africa. 

Eric  Vanghan  Burnett,  CoUahuasi,  Chile,  S.  A. 

Proposed  by  Walter  T.  Holberton,  L.  C.  Stuckey,  Lee  Fraser, 

Bom  1878,  East  Acton,  Eng.  1893-1896,  Apprenticed  to  Henderson  &  Son, 
Member,  Inst,  of  C.  E.,  Truro,  Cornwfjl,  carrying  on  profession  of  Enra^neers  and  Sur- 
veyors to  nearly  all  mines  in  Cornwall  and  also  Civil  Engineers  to  Townships,  etc. 
1896-1900,  Asst.  Mgr.,  Pile  Works  of  the  Pile  and  Blaina  Manganese  works,  also  sur- 
veyor to  various  CollierieB  in  the  district  of  Glamorganshire,  WcJea.  1901-02,  Assayer 
and  Surveyor  to  Clintons  Gold  Concessions,  Axim,  West  Africa,  also  of  Lawrence 
Pountney  Hill,  E.  C.  1902-03,  Head  Surveyor  and  Assayer  to  the  New  Gold  Coaat 
Agency  of  Old  Jewry,  London,  E.  C,  and  of  Tarkwa  Gold  Coast.  1903-05,  Chief 
Assayer  and  Surveyor  to  the  Abosso  Gold  Mining  Co.,  Ltd.,  Tarkwa,  West  Africa. 
1905-O7,  Chief  Engr.,  Argentine  Sierra  del  Puego  Exploration  Co;,  Buenos  Aires. 
1907-O8,  Chief  Engr.,  Mining  Exploration  Co.,  Ltd.,  Santiago,  Chile.  1908-14 
Chief  Engr  Soci^t^  des  Mines  de  Cuivre  de  Catemes  (de  Paris)  Chile.  1911,  Elected 
Associste,  Institute  of  Mining  and  Metallurgy,  London.  1914,  Member  of  the 
above  Institute. 

Presentpoaition:  Chief  Engr.,  Sections  North  and  East  of  the  Soci6t6  des  Mines  de 
Cuivre  de  CoUahuasi,  la  Grande,  CoUahuasi,  via  Antofogasta,  Chile,  S.  A. 

Tunes  Watts  Canles,  Salmon,  Idaho. 

Proposed  by  R.  B.  OapieB,  Jr.,  G.  H.  Cox,  C.  R.  Forbes. 

BorB  1881,  Glasfraw,  Mo.  1891-1901,  Pritohett  College,  Glasgow,  Mo.,  starting 
with  Intermediate  Dept.,  then  Preparatory  Dept.,  followed  by  four  years  of  College 
■wori:;  B.  A.  1903-05,  Missouri  School  of  Mines;  B.  S.  1900,  Vacation,  Chicago  & 
Alton  R.  R.  Co.,  in  Engineering  Corps.  1901-02,  Rodman  and  computer,  Terminal 
R.  H.  Association  of  St.  Louia,  Mo.  1902,  Levelman  and  resident  engineer,  St. 
Louis,  Memphis  &  Southeastern  R.  R.  1903,  Levelman,  Denver,  Northweatem 
Pacific  R.  R.  1904,  Vacation  Ruaaell  &  Sharp,  Cripple  Creek,  Colo.  1905-06, 
Special  work  at  Missouri  School  of  Mines.  1906-14,  Member  of  Heradon  &  Caplcs 
and  Lumbi  Enfjineering  Co.,  Salmon,  Ida. 

Present  position:  Mining  and  Civil  Engr.,  IT.  S.  Deputy  Mineral  Surveyor. 

William  Howes  Coghill,  Evanston,  111. 

Proposed  by  U.  S.  Graiit,  H.  H.  Stock,  F.  W.  DeWolf . 

Bom  1876,  Roseville,  lit.  1804-96,  Academy  and  College  work  at  SburtleS 
College,  Upper  Alton,  HI.  1899-1903,  Colo.  School  of  Mines;  E.  M.  Some  post- 
K^Mluate  work  at  Univ.  of  Chic^o  and  Northwestern  Univ.  1902-03,  Surveyor  and 
Assayer,  Coin.-Cal.  M.  A  M.  Co.,  Idaho  Springs,  Colo.  1903,  Surveying  mining 
rJaims,  Bisbee,  Ariz.  1904,  Asst.  Engr,,  Calumet  4  Arii.  M.  Co.,  Biabee,  Aria. 
19O5-06,  Asst.  Engr.,  Tamarack  M.  Co.,  Calumet,  Mich.  1906-07,  Chief  Engr., 
t'nited  Zinc  Co.,  and  Supt.,  Highland  Mine,  Joplin,  Mo.  1907-13,  Instructor  Min. 
and  Met.,  Northwestern  Univ.,  Evanston,  HI.  1913,  Asst.  Prof.  Min.  and  Met., 
Northweatem  Univ. 

Present  position:  Asst.  Prof.  Min.  and  Met.,  Northwestern  Univ.,  and  operating 
Ore  Testing  Laboratory. 
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Edgar  Maurice  Cortrigbt,  Red  Lodge,  Mont. 

Proposed  by  Harry  Boyle,  A.  F.  Biair,  Amos  Slater. 

Boro  1884,  Mauch  Chunk,  Pa.  1900,  Maueh  Chunk  High  School.  1900-01, 
Mt.  Pleaeant  Military  Acad.  1901-02  Bethlehem  Prep.  School.  1902-05,  Unir. 
of  Peon.  1906,  Penn.  R.  R.  Id06,  Lehigh  Valley  Coal  Co.,  Lehigh  Coal  &  Naviga- 
tion Co.  1907,  Northwestern  Improvement  Co.  1909,  City  fiigr..  Red  Lodge, 
Mont.     1910-12,  Rea.  Engr,,  Mont,  Coal  &  Iron  Co. 

Present  position:  Res.  Engr.,  Northwestern  Improvement  Co.,  Red  Lodge,  Mont. 

Carlos  Garcia  Cross,  Vina  del  Mar,  Chile,  So.  Amer. 

Proposed  by  Mark  R.  Lamb,  T.  H.  Barclay,  Ralph  Wilcox. 

Bom  1872,  Santituco,  Chile.    Grad.  Univ.  of  Chile. 

Present  poeition:  Part  owner  and  Mgr.,  Compania  Minera  Ids  VocaB. 

Ilace,  Idaho. 

e  V.  Winchell,  E.  Perw  Smith,  Rush  J.  White. 
Born  1865,  Dayton,  Nev.  Pubiic  Schools  of  Nevada  and  Sacramento  Counties, 
ual.  1885,  Grad.  St.  Mary's  College,  San  Francisco,  Cal.  1901-12,  Genl.  Mgr., 
Hercules  Min.  Co.,  Pres.,  Tamarack  &  Custer  Cons.  Co.  1912,  President  and  GctiI. 
Mgr.,  Federal  M.  &  8.  Co.  Twenty-five  years'  practical  experience  as  prospector, 
miner,  millman  and  operator. 

Present  position:  Pres.  and  Genl  Mgr.,  Federal  Min.  &  Smell.  Co. 

Vniliam  Harrison  Dufur,  Oil  City.  Pa. 

Proposed  by  Anthony  F.  Lucas,  Pnilip  W.  Henry,  David  T.  Day. 

Bom  1869,  Chelsea,  Mass.  Common  School  in  Penn.  Have  been  connected 
with  every  branch  of  the  oil  business  extensively,  with  the  exception  of  transporta- 
tion. Also  have  been  employed  by  Philip  W.  Henry,  Southern  I^ctfic  Co.,  Standard 
Oil  and  others,  as  consulting  expert. 

Present  position;  Producer  of  Oil. 

WiUiam  Njcol  Ellis,  Wallace,  Idaho. 

Proposed  by  J.  T.  Wright,  W.  H.  Teel,  Rush  J.  White. 

Born  1889,  Leesburg,  F!a.  1908-09,  McGill  Univ.  College;  B.  C.  1909-12, 
Univ.  of  Idalio;  Min.  Engr.  Underground  work  one  year.  Last  Chance  Mine,  Wardner, 
Ida.  1912,  Assayer,  Hercules  Min.  Co.,  Wallace,  Idaho.  1910-12,  one  year  under- 
ground at  Last  Chance  Mine,  Wardner,  Ida. 

Present  position:  1912  to  date,  Assayer,  Hercules  Mining  Co.,  Wallace,  Idaho. 

Kelft  Colt  Eraser,  Bartlesville,  Okla. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A.  Buehler. 

Born  1886,  Lyndonvilie,  N.  Y.  1904,  Grades  and  High  School,  Lyndonville,  N,  V. 
1906-10,  Missouri  School  of  Mines;  B.  S.  1909,  Summer,  Tending  vanners  at  mill  of 
Utah  Copper  Co.  1910,  Chainman  on  Wm.  Perkin's  engineering  corps  in  Mont, 
1910-11,  Mucker  and  chainman.  Bunker  Hill  &  Sullivan  Min.  &  Mill.  Co.,  Kellr«g, 
Ida.  1911-12,  Sample  foreman  and  chemist,  Bartlesville  Zinc  Co.  1912,  Miner, 
Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Ariz.  1912-13,  Chainman,  Bunker  Hill  &, 
Sullivan  Min.  &  Mill.  Co.  1913,  Amt.  Supt.,  National  Zinc  Co.,  Bartlesville,  Okla. 
1913-14,  Yard  Foreman  and  Chemist,  Bartlesville  Zinc  Co. 

Present  position:  Asst.  Supt,,  Bartlesville  Zinc  Co.,  Bartlesville,  Okla. 

Walter  Edward  Gaby,  Salt  Lake  City,  Utah. 

Proposed  by  Robert  H.  Bradford,  Etorsey  A.  Lyon,  Robert  S.  Lewis. 

Bora  1890,  Salt  Ljike  City,  Utah.  1905-09,  Scientific  Course,  Salt  Lake  High 
School.  1909-14,  Univ.  of  Utah;  B.  S.  in  Min.  Engrg.  Two  years  of  varied  experi- 
ence in  mill  and  smelter  work,  mining  and  railroad  surveying  during  vacations  and 
one  vear  spent  out  of  school.  1911,  Smelter  Supply  Acct.,  Steptoe  Valley  Milling  & 
Smelting  Co.,  McGill,  Nev.  1912,  Topographer,  Utah  Railway  Co^  Salt  L*ke  City, 
Uuh.  1912,  Sampler  in  mill,  Steptoe  Valley  Mill.  &  Smelt.  Co.  Timekeeper, 
Nevada  Cons,  Mm.  Co.  1913,  Asst.  Surveyor,  Giroux  Cons.  Min.  Co.  1913, 
Assayer,  Veteran  Mine,  Nevada  Cons.  Min.  Co.  Machineman,  Daly-West  Min.  Co., 
Park  City,  Utah.  Computer,  Oregon  Short  Line  R.  R.  Co.  1914,  Student,Univ.  of 
Utah. 

Present  position:  Student  Stanford  Univ.,  summer  geological  survey.  £n  route 
to  Stanford  field-geology  trip. 
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Arthur  John  Garrett,  Lanafonj,  Fa. 

Propoaed  hy  J.  B.  Warriner.  Edwin  Ludlow,  W.  G.  Whildin. 

Bom  1887,  Ashland,  Fa.  Previuiu  to  1900,  OrwJKahurg,  Pa.,  Public  School. 
J90(M)4,  OrwiKBburg,  Pa.,  H^h  School.  1904-08  Penn.  State  ColleRe;  B.  8. 
1908-10,  TranBitraan,  Philadelphia  &  Reading  Coal  &  Iron  Co.,  Pottsville,  Pa. 
1910,  Tranaitman,  Northwestern  Improvement  Co.,  Red  Lodge,  Mont.  1910-11, 
Chief  DraftHman,  Northwestern  Improvment  Co,,  Tacoma,  Waah.  1911-12,  Min, 
EagT.,  Denny-Renton  Clay  &  Coal  Co.,  Taylor,  Waah. 

Present  position:  1912  to  date,  District  Engr.,  Lehigh  Coal  &  Navigation  Co., 
LftDsford,  Pa. 

Walt6r  Scott  Grethor,  Kamloopa,  B.  C,  Canada. 

PropoBBd  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A.  Buehler. 

Bom  1S82,  Bunker  Hill,  Dl.  1S99,  Grad.,  Greenfield,  Mo.,  High  School.  1901, 
Grad.,  St.  Louis  Manual  Training.  1906  Grad.,  Missouri  School  of  Mines.  1901-02, 
Mach.-Apprent.,  Mo.  Pac.  Ry.,  St.  Louis,  Mo.  1906-08,  Engr.,  Federal  Lead  Co., 
Flat  River,  Mo.  1908-09,  Engr,,  Cons.  Pittsburgh  Plate  Glass  Co.,  Crystal  City, 
Mo.  Locatiog  Engineer,  Oregon  Short  Line  Ry.,  Salt  Lake  City,  Utah.  1909-10, 
Asst.  Masonry  Supt.,  International  Smelting  &  Refining  Co.,  Tooele,  Utah.  1910-14, 
Engr.,  Supt.,  Cons,  and  Mill  Supt.,  Rosiclare  Lead  &  Pluorapar  Mines,  Rosiclare,  III. 

Present  position:  Supt.,  Kamloopa  Copper  Co.,  Kamloopa,  B.  C,  Canada. 

William  George  Baldane,  Golden,  Colo. 

Propoaed  by  D,  W,  Brunton,  Frank  M.  Taylor,  Edward  W.  Keith. 

Bom  1878,  Cleveland,  Ohio.  1885-92,  Public  Schools,  Cleveland,  Ohio.  1892-95, 
Central  High  School,  Cleveland,  Ohio.  1896-1900,  Case  School  of  Applied  Science; 
B.  S.  Summer  session  at  Columbia  Univ.,  studying  under  Dr.  Wm.  Campbell. 
1899-1900,  Aast.  Engr.,  Amer.  Steel  *  Wire  Co.  1900,  Colorado  School  of  Mines, 
Instructor  in  Mathematics  and  Descriptive  Geometry,  Instructor  in  Metallurgy, 
Aast.  Prof.  Metallurgy,  Associate  Prof.  Metallurgy,  Mgr     Experimental  Plant. 

Present  position :  Acting  President,  Colorado  School  of  Mines. 

John  Bradstreet  Harper,  Salem    Mass. 

ftoposed  by  H.  P.  Henclerson,  H.  A.  J.  Wilkena,  W.  B.  Devereujt,  Jr. 

Born  1882,  Flushing,  N.  Y.  1896-1901,  St,  Paul's  School,  Concord,  N.  H.  Passed 
preliminary  examinations  for  Harvard  but  did  not  enter.  Since  that  time  have  pri- 
vately studied  mathematics,  surveying,  aasayingj  ore  dressing,  mechanics  and  con- 
struction, geology  and  mineralo^,  and  other  subjects  relative  to  mining  and  milling. 
Have  written  articles  on  cyaniding,  surveving,  etc.,  for  Mining  Scieiice  and  The 
Mining  World.     1903,  Acted  as  agent,  timekeeper,  under  A,  F.  Wuensch,  on  copper 

?rospect,  Milagros,  N,  M.  1904,  worked  at  various  jobs  in  mills  and  underground, 
avapai  County,  Cal.,  and  Clear  Creek  County,  Colo.  1905,  Miner  and  Con- 
tractor, Kokomo  Mine,  Central  City;  in  charge  of  small  prospect,  Caribou.  1906, 
worked  as  lessee  on  several  tungsten  prospects  at  Nederland  and  on  lead-silver, 
Georgetown.  1907,  Miscellaneous  mill  and  underground  work  in  Boulder  County, 
prospecting  in  Routt  and  Larimer  Counties.  1908,  Supt,,  Development,  Rosebud 
Synaicate,  Rosebud,  Nev.  1909,  Examination  of  prospects  with  P,  Geo.  Gow,  Cal.; 
mill  supt.,  Chafey  Reduction  Co.,  Chafcy,  Nev.  1910,  Miscellaneous  examination 
of  prospects  and  surveying,  1911,  Milling,  sampling  and  miscellaneous  work, 
Four  Hills  Min,  Co.,  Plumes  County,  Cal.  1912,  Prospecting  in  Nevada  and  Idaho; 
Cyaniding,  assaying,  etc..  Dun  Glen,  Nevada,  Examination  of  prospects,  Eagle 
County,  Colo,,  and  Yavapai,  Ariz,  1912-14,  Contractor  on  underground  develop- 
ment, also  as8a;t'ing,  surveying,  etc.  Vermont  Copper  Co.,  So,  Strafford,  Vt. 

Present  position :  Supt.,  Copper  Queen  Gold  Min.  Co.,  Stoddard, Yavapai  County, 


'.  Dorr,  B.  P.  Morse,  George  E.  Collins. 

Born  1882,  Telluride,  Colo,  1903,  Completed  four-year  course  in  metallurgy  at 
Univ,  of  Denver.  1903-05,  Millman,  Tucker  mill.  Central  City,  Colo.  1905-08, 
Cyanide  shiftrnan.  Liberty  Bell  Gold  Min.  Co.  1908-10,  Met.,  Hudson  Reduction 
Co,,  Idaho  Springs,  Colo.  1910-12,  Gen.  Supt.,  Ophir  Gold  Mines  Mill.  &  Power  Co., 
Ophir,  Colo. 

Present  position :  1912  to  date,  Mgr.,  Junta  Cons.  Gold  Min.  Co.,  Telluride,  Colo. 
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E^ederick  Bradley  Henderaoa,  San  Frandaeo,  Cal. 

PropoBed  by  Anthony  F.  Lucas,  E.  W.  Parker,  David  T.  Day. 

Born,  1863,  Peoria,  HI.  Grammar  Bohool  onh*.  1879-1889,  clerical,  W^Msh 
R.  R.  1890-1902,  Chief  clerk  to  Genl.  Mgr.,  A.  T.  &  S.  F.  Ry.,  Los  Angeles,  Cd. 
1902-05,  Genl.  8upt.,  Aaaociated  Oil  Co.,  BakersSeld,  CaL,  in  charge  of  operations. 
1906-11,  Genl.  Mgr.,  Amalgamated  Oil  Co.,  Los  Angeles,  Cal. 

Present  position:  1911  todatc,  Asat,  Genl.  Mgr.,  Associated  Oil  Co.,  San  I^Vanctsco, 
CaL 

Charles  Nelson  Hlckok,  Cleveland,  Ohio. 

Proposed  by  Lewis  £.  Dunham,  Max  McMurray,  F.  B.  Richards. 

Bom  1879,  HarriBburg,  Pa.  1890-94,  Harriabun?  Academy.  1894-97,  St.  Paul's 
School,  Concord,  N.  H.  1897-1900,  Sheffield  Scientific  School,  Yale  Univ.;  Ph.  B. 
1900-03,  Latrobo  Steel  &  Coupler  Co.,  Chicago,  ill.  1903-Ofi,  Dayton  MaUesble 
Iron  Co.,  Dayton,  Ohio.  1905-06,  Coal  Dept.,  M.  A.  Hanna  &  Co.  1908-14,  Mgr., 
Coal  Dept.,  M.  A.  Hanna  &  Co. 

Present  position:  1913  to  date.  Manager,  Coke  Dept.  and  Ore  Salesman,  M.  A. 
Hanna  &  Co. 

Rukard  Hurd,  St.  Paul,  Minn. 

Proposed  by  John  Birkinbine,  J.  L.  W.  Birkinbine,  George  C.  Davis. 
■  Bom  1858,  Cincinnati,  Ohio.  1878,  Penn.  Mihtary  College;  C.  E.  1912,  Penn. 
Military  College,  Honorary  Ph.  D.  Previously  Quaker  School,  Chickering  Insti. 
and  Public  Schools,  all  of  Cincinnati,  Ohio.  I  am  continuing  my  study  of  mining 
engineering,  geology,  metallurgy  and  chemistry  to  assiat  me  in  an  original  research 
to  result  in  a  formulation  of  a  standardization  of  iron-ore  values.  lSSO-88,  General 
Produce  and  River  Transportation.  1889-1905,  Insurance.  1901-02  Member  of 
the  Legislature,  Minn.  1907,  Sec'y,  Mmn.  Tax  Commission.  1900,  Author  of  Kurd's 
Insurance  Rate  Book.  1911,  Author  of  Hurd's  Iron-ore  Manual.  New  edition  of 
same  novf  in  preparation  tor  printing  during  the  year. 

Present  position:  Secretary,  Minn.  State  Tax  Commission. 


Bom  1878,  Baltic  Provinoee,  Europe.  1903-05,  Grad.  Weymouth  High  School. 
1905-09,  Grad.  Massachusetts  Institute  of  Technology;  S,  B.  in  Mining  and  Metal- 
lurgy. 1909-10,  Asat.  Instructor  in  Metallurgy  at  Masa.  Inst,  of  Tech.  1910, 
Chemist,  American  Smelting  dc  Refining  Co.,  Maurer,  N.J.  Experience  in  tank  room, 
slimes  department,  nickel  plant  and  in  platmum,  palladium  recovery. 

Preaent  position:  Chemiat,  American  Smelting  &  Refining  Co.,  Maurer,  N.  J. 

Joseph  Jensen,  San  FVanciaco,  Cal. 

Proposed  by  F.  Oskar  Martin,  Charles  P.  Berkey,  J.  F.  Kemp. 

Bora  188C,  Salt  Lake  City,  Utah.  1900-04,  Salt  Lake  High  Sqhool.  1904-08, 
Utah  State  School  of  Mines;  B.  S.  1911-12,  Royal  School  of  Mines,  Freiberg, 
Saxony.  1912-13,  Post-graduate  work,  Columbia  Univ  N.  Y.;  M.  A.  1906,  Asst. 
Engr.,  and  Geol.,  Bambcrger-DeLamar  Gold  Mines  Co.,  DeLamar,  Nev.  1908, 
Mining  Editor,  Salt  Lake  Tribune.  1908-10,  Mineral  Inspector,  G.  L.  O.  work  in 
Utah,  Idaho,  and  Wyo.     1912.  visiting  metal,  coal  and  salt  minea  in  Europe. 

Present  position:  Mineral  Inspector,  U.  S.  General  Land  Office. 

Estey  A.  Julian,  Fairview,  Nev. 

Proposed  by  A.  R.  Parsons,  E.  E.  Carpenter,  H.  P.  Henderson. 

Bom  1883,  Licking,  Mo.  1900,  Finished  High  School,  Licking,  Mo.  1904, 
William  Jewel  College,  Libertv,  Mo.;  S.  B.  1904,  Mill,  Dorcas  Milling  Co.,  Florence, 
Colo.  1904,  Mill,  U.  8.  Reduction  &  Refining  Co.,  Florence,  Colo.  1905,  Mill, 
Woods  Investment  Co.,  Cripple  Creek,  Colo.  Mine  and  Mill,  B.  B.  B.  Mine  Co., 
Howbert,  Colo.  1906,  Miner,  Jo  Dandy  Min.  Co.,  Cripple  Creek,  Colo,  1906-07, 
Miner,  Stratton's  Independence,  Cripple  Creek,  Colo.  Miner,  Prince  Albert  Minea 
Co,,  Cripple  Creek,  Colo.  1907,  MiU,  Tonopah-Belmont  Dev,  Co,,  Millers,  Nev. 
1908,  Mme,  Goldfield  Cons.  Mine  Co.,  Goldfield,  Nev.  Mill.,  Nevada  (h)ldfield 
Reduction  Co.,  Goldfield,  Nev.  1909,  Mine  and  Mill.,  Homestake  King  Min.  Co., 
Rhyotite,  Nev.  1910,  Mine  and  Mill,  Picaoho  Basin  Min.  Co.,  Picacho  Basin,  CaL 
1911,  Mill,  Goldfield  Con.  Mines  Co,,  Goldfield,  Nev.  1912-13,  Mine  and  MiU, 
Nevada  Hilla  Min,  Co,,  Fairview,  Nev. 

Present  position:  General  Mgr,,  Nevada  Hilla  Min.  Co.,  Fairview,  Nev. 
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Oscar  Alfred  Enerr,  Layland,  W.  Va. 

Propoaed  by  Howard  N.  Eaveason,  James  S.  Cunningham,  G.  S.  Borden. 

Bom  1884,  Lebanon,  Pa.  190(M>4,  Albright  CoUegc;  B,  S.  1904-05,  Chainm an, 
Phila.  4  Reading  Coal  &  Iron  Co.,  PottsviUe.  Pa.  1906-08,  Aast.  Engr.  for  G.  8. 
Borden.     1908-12,  Div.  Engr.,  N.  R.  &  P.  C.  Coal  Co. 

Present  poaitioa:  1013  to  date,  Supt.  of  Mines,  New  Rjver  4  Pocahontas  Cons. 
Coal  Co. 

Oswald  Hark  Lewyn,  Rancagua,  Chile,  S.  A. 

Proposed  by  J.  F.  Kemp,  W.  J.  Turner.  B.  T.  Colley. 

Born  1886,  New  York  City.  1904-08,  Columbia  School  of  Mines;  E.  M.  1908- 
09,  Repairman  in  Mill  of  Steptoe  Valley  Mining,  MiUing  &  Smelting  Co.  1909-10, 
Sfunpler,  Chemiat  and  Aaat.  Engr.  Mines,  Cumberknd'EIy  Copper  Co.  1910-14, 
Aast.  to  Robert  Maishur  in  exammation  mines,  Braden  Copper  Co.  Mine  Foreman, 
Min.  Engr.,  Asst.  Supt.,  and  Supt.  Mines.  Bradea  Copper  Co. 

Present  position:  Supt.  of  Mines,  Braaen  Copper  Co. 

Elmer  List,  Neodisha,  Kan. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A,  Buehler. 

Born  18S4,  Cape  Girardeau,  Mo.  1903,  Elementary  Teacher's  Certificate,  State 
Nocmal  School,  Cape  Girardeau,  Mo.  1910,  Missouri  Sahool  of  Mines;  B.  S.  1909, 
Assayer,  St,  Louia  Smelt.  &  Ret.  Co.,  St.  Francois,  Mo.  1910,  Chemical  Inspector, 
Union  Pacific  R.  R.,  Omaha,  Neb.  1911,  Chemist,  St.  Louis  Smelt.  &  Ref.  Co., 
CollinsviUe,  lU.     1913,  Chemist,  Buffalo  Mines,  Ltd.,  Cobalt,  Ont.,  Canada. 

Present  position:  Engr.,  Granby  Min,  &  Smelt.  Co.,  Neodisha,  Kan. 

Archibald  R.  Livingstoii,  Canon  City,  Colo. 

Proposed  by  George  C.  Stone,  J.  A.  Von  Mater,  Lewis  G.  Rowand. 

Bom  1868,  New  York.  1891,  School  of  Mines,  Columbia;  C.  E.  Lackawanna  Steel 
Co.     Various  engineering,  construction  power  plants,  etc. 

Present  position:  1901  to  date,  Supt.,  in  charge  of  Mill,  of  Empire  Zinc  Co., 
CanoD  City,  Colo. 

Richard  O.  Heents,  Boulder,  Colo, 

Proposed  by  C.  C.  O'Harra,  Welton  J.  Crook,  Albert  Snuth  Halley, 

Born  1887,  Germany.  1893-97,  Common  Schools,  Germany.  1898-1904, 
Common  Schools,  Battle  Creek,  la.  1904-08,  Finished  High  School,  Battle  Creek, 
Iowa.  1908-09,  Iowa  State  College,  Ames,  Iowa.  1909-11,  Colo.  School  of  Mines, 
Golden,  Colo.  1911-12,  Mich,  College  of  Mines,  Houghton,  Mich.  1913-14,  South 
DakoU  State  School  of  Mines,  Rapid  City,  S.  D.;  B.  S.  in  Min.  Engrg.  Member, 
Mining  and  Geology  Society  of  American  Universities,  1911,  summer,  general 
underground  experience  in  St.  lawrenoo  Mine,  Butte,  Mont.  1912,  Sept.  and  part 
of  October,  general  undei^ound  experience  m  St.  Lawrence  Mine,  Butte,  Mont. 
1912-13,  Five  months  mine  sampler  at  Berkeley  mine.  Butte,  Mont.  Amalgamated 
Copper  Mining  Co.     Six  months.  Queen  Min.  Co.  of  Mexico. 

^:^ent  position:  Mine  Operator,  Sonora,  Mexico. 

John  P.  K.  MUler,  Scottdale.  Pa. 

Proposed  by  Samuel  A.  Taylor,  William  G.  Wilkins,  H.  S.  Harrop. 

Bom  1857,  Martinsburg,  W.  Va.  1874,  Finished  High  Sohoof,  1874-77,  St. 
Lonoah  College,  Martinsburg,  W,  Va.  1878-80,  Special  instniction  in  R.  R.  Engi- 
neering, Masonry,  Structural  Design,  General  Geology,  and  Hydraulic  Design. 
1893-96,  Sprague  Correspondence  School  of  Law,  Detroit,  Mich.  1880-82,  Pitts- 
burg &  Western  R.  H.  Co.  Level  and  Transit  on  Prelim,  and  Locational  Construc- 
tion, Asst.  to  Prin.  Asst,  Ch,  Engr,,  on  Construction  of  tunnels,  viaduct,  etc.  I882-R3, 
On  construction  P.  McK,  &  Y.  N.  R.  R.  (P.  &  L.  E.  R.  R.),  Pgh.  to  Connellsvilie, 
Fa.  Part  1S83,  Ran  Gen.  Engrg.  Offioe.  Had  charge  of  Mining  Engineering  work 
of  Powers  Brown  &  Co.  and  Hamilton  Co. 'a  Mines,  Reynolds viUe,  Pa.  1884-96, 
Ch.  Engr.,  McClure  Coke  Co. 

Present  position:  1896  to  date,  Ch.  Engr.,  H.  C.  Friok  Coke  Co. 

Lou  Fuller  Mitten,  Wilkes-Barre,  Pa, 

Proposed  by  Frank  A.  Hill,  Paul  Sterling,  Charles  Enzian. 

Born  1879,  Herriek,  Pa.  1880-96,  PubUc  Schools  at  West  Pittston,  Pa.  1896-99, 
Susquehanna  Collegiate  Institute,  Towanda^  Pa.  19O0  to  date,  Vulcan  Iron  Works, 
Macn.,  Clerk,  Asst.  Supt.,  Sales  Dept.,  Mining  Dept.,  special  work  on  steam  and 
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WilUam  Franklin  Newman,  Sheffield,  England. 

Proposed  by  F.  L.  Cole,  Thomas  T.  Read,  George  D,  Barron. 

Hum  1866,  Launccston,  Tasmania.  1878-82,  AdkIo  French  College,  Lonchm. 
18S3-84,  Ecole  Profess ionelle,  Vicennes,  Paris.  1893,  Chevalier  Claas,  Order  "  Ouwn 
of  Roumania."  1900,  Gold  Medal,  Paris  Exhibition,  Coat  and  Coke  from  Aaut  Minor. 
1901,  Third  Class  Imperial  Ottoman  Order  of  "Medjidie."  lAngusK^  Eo^i^ 
French,  German,  Italian,  Russian,  Roumanian.  1884-94,  Coal  in  Soutb  Ruauiuid 
Ruumania.  1805-96,  Organized,  as  Oenl.  Mgr,,  the  RiDumanian  State  M&ritimr 
Service.  1897-1900,  Commercial  Mgr,,  Coal  Mines,  8oci<;t4  d'Heraclee,  Heradee. 
Asia  Minor  and  Paris.  1901-13,  Representative  for  Armamento,  Thoe.  Firth  i 
Sons,  Ltd.,  Sheftield,  England.  1914,  Genl.  Mgr.,  British  Metallurgind  Syndicate 
for  China,  etc. 

Present  position:  Genl.  Mgr.,  Representation  for  British  Manufacturers, Ltd., 
Peking,  China. 

Wadsworth  W.  Norton,  Salt  Lake  City,  Utah. 

Proposed  by  H.  C.  Gemmell,  W.  H.  Howard,  0.  W.  Whitley. 

Bom  1887,  Berlin,  Conn.  General  education,  Syracuse  High  School,  Syraeuw, 
N.  Y.  1886-89,  Technical  education,  Cornell  Univ.,  Ithaca,  N.  Y.,  course  in  Chem- 
istry and  Metallurgy.  1889-91,  Asst.  in  plant  of  the  Chicaijo  &  Aurora  Smelt.  4 
Ref.  Co.,  Aurora,  111.  1891-98,  Foreman,  Chemist,  Met.,  United  Smelt.  4  Ref.  Co., 
East  Helena,  Mont.  1898,  Supt.,  U.  S.  Jt  R.  Co.,  Great  Falls,  Mont.  1898-1905,  Asst. 
Supt.  and  Supt.,  American  S.  &  R.  Co.,  East  Helena,  Mont. 

Present  position:  1905  to  date,  Supt.,  Murray  Plant,  American  Smelting  A  Re- 
fining Co.,  Murray,  Utah. 

ThonuB  S.  O'Brien,  Amador  City,  Cal. 

Proposed  by  C.  R.  Downs,  Webb  Smith,  William  A.  Thacher. 

Born  1871,  Hanibal,  Mo.  1890,  Common  School.  1896,  Metal-Mining  Cout». 
I.  C.  S.  1904,  Surveying  and  Mapping  Course,  I.  C.  S.  1895,  General  mining, 
Leadville,  Colo.  1895-97,  Foreman,  Sedalia  Mine,  Leadville,  Colo.  1897-99. 
Foreman,  Iron  Silver  Mining  Co.,  Leadville,  Colo.  1899-1903,  Mgr.,  New  Leadville 
G.  M.  &  M.  Co.,  Leadville,  Colo.  1903-07,  General  6eld  work,  Nevada  and  Ariiona. 
1907-10,  Prospecting,  Arizona.  1910-12,  Foreman  and  Supt.,  Frisco  Gold  MioM 
Co.,  Kingman,  Aris. 

Present  position:    Original  Amador  Con.  Mines  Co.,  Amador,  Cal. 

Calvin  N.  Payne,  Titusvtlle,  Pa. 

Proposed  by  Anthony  F.  Lucas,  E.  W.  Parker,  David  T.  Day. 

Born  1844,  Iryington,  Pa.  General  education.  1885-1910,  Standard  Oil  Co.  ot 
N.  J.  Constructing,  Managing  and  Vice  Pros,  of  Buffalo  Natural  Gas  Co.,  United 
Natural  Gas  Co.;  Oil  City  Fuel  Supply  Co.;  Hope  Natural  Oaa  Co.;  PCnn.  Gas  Co., 
and  eight  other  distributing  companies.  1899-1910,  Vice  Pres.  and  Mgr.,  Natural 
Transit  Co.,  Buckeye  Pipe  Line  Co.,  Eureka  Pipe  Line,  Penn.  Pipe  Line  Co.,  Indians 
Pipe  Line  Co. 

Present  position:     Operating  oil  and  gas  properties  on  own  account. 

Morton  Edgar  Pratt,  Guayaouil,  Ecuador,  S.  A. 
Proposed  by  T.  W.  Mather,  Rush  M.  Hess,  J.  W.  Mercer. 


Bom  1878,  Winnemuoca,  Nev.  1895^,  I^evada  State  Univ.,  Special  in  Mining 
Engineering.  1899  to  date.  Have  followed  metal  mining  in  its  dinerent  branches, 
exclusively.  Four  years  Yukon  Territory  and  Alaska,  Five  years  Nevada,  Cali- 
fornia, and  Arisona.  Three  years  Mexico  (Northern  States).  Taree  years,  Eraiadcw, 
8,  A. 

Present  position ;  Supt.,  South  American  Development  Co.,  of  Guayaquil, 
Ecuador,  and  15  Broad  St.,  New  York. 

John  Galium  Reid,  Lethbridge,  Alberta,  Canada. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A.  Buehler. 

Bom  1871,  Sharon,  Pa.  1877-89,  Public  Schools  of  Pa.,  Missouri,  and  Indian 
Territory.  1889-93,  Missouri  School  of  Mines;  M.  E.  1895-1000,  Min.  £kigr.. 
Coal  Dept.,  M.  K.  A  T.  Ry.  Co.,  Parsons,  Kan.  1900-02,  Supt.,  Oklahoma  Minea, 
M.  K.  &  T.  Ry.  Co.,  Coalgate,  Okla.  1902-06,  Genl.  Supt.,  Osage  Coai  4  Min.  Co. 
and  Great  Western  Cool  &  Coke  Co.,  McAlester,  Okia.  1906-11,  Oenl.  Mgr.,  Osage 
Coal  &  Min.  Co.  and  Great  Western  Coal  &  Coke  Co.,  McAlester,  Okia. 

I^esent  position:  1911  to  date,  GenL  Mgr.,  CfainocJc  Coal  Co.,  Ltd.,  Sberiock 
BIdg.,  Lethbridge,  Alberta,  Canada. 
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VlUiftin  Binev  Riduu-ds,  Laneford,  Pa. 

Proposed  by  Edwin  Ludlow,  W.  G.  WhUdin,  J.  B.  Warriner. 

Bom  1868,  New  Philadelphia,  Pa.  Lost  Greek  High  School,  Correspondence 
Schools.  1880-1891,  Lehigh  Valley  Min.  Corpn.,  Lost  Creek,  Pa.  1891-1903, 
Min.  Engr.,  Mill  Creek  Cod  Co.  1903-05,  Min.  Eaar.,  A.  B.  Cochran  &  Son,  Potts- 
ville.     1905-07,  Supt.,  Pine  Hill  Colliery,  Mine ville.  Pa. 

I^eeent  position :    1907  to  date,  Min.  Engr.,  Lehigh  Coal  &  Nav.  Co.,  Lnnsford,  Pa. 

Soren  Ringlnnd,  Silver  City,  N.  M. 

Proposed  by  Russell  B.  Paul,  Robert  Hursh,  Edward  W.  Keith. 

Bom  1875,  Denmark.  1912,  School  of  Miaea,  Socorro,  N.  M.;  B.  S.  and  E.  M. 
1912,  Mining,  U.  S.  Mines,  Bingham,  Utah.  1912-13,  Operating  department  at 
concentrator,  Chino  Copper  Co.,  Hurley,  N.  M.  1913,  Laboratory,  El  Paeo  Smelter, 
El  Paso,  Texas. 

Present  position:     1913  to  date,  Engr.,  Empire  Zinc  Co. 

Beauregard  Roas,  Denver,  Colo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H-  A.  Buehler. 

Bora  1861,  Marahfield,  Mo,  1867-79,  Public  School  and  Academy,  Houston, 
Mo.  1879-82,  Mo.  School  of  Mines,  RoUa,  Mo.  1887-98,  Editor  daily  newBpapeT. 
1898-1914,  Engaged  in  developing  mines  in  Colo.,  Nevada,  New  Mexico,  exceptone 
year  operated  assay  office  in  Cripple  Creek,  Colo.  My  system  has  been  to  own  and 
operate  my  own  properties  under  corporations  which  I  controlled  myself.  Operated 
successful  lease  in  Cripple  Creek,  Colo.  Three  years  producing  1385,000.  Built 
first  cyanide  plant  in  Cripple  Creek. 

Present  position:     Genl.  Mgr.,  Colo.  Idaho  Mines  and  Development  Co. 

George  W.  Salistrary,  Denver,  Colo. 

Proposed  by  J.  C.  Robert,  John  A.  Davis,  W.  G.  Swart. 

Bom  1888,  Whitewater,  Wis.  1894-1902,  Grade  Schools,  Whitewater,'' Wis. 
1902-W.  Whitewater  High  School,  Wis.  1906-11,  Colo.  School  of  Mines.  1910-11, 
North  American  Smelting  Co.     1911-14,  U.  S.  Bureau  of  Mines. 

lYesent  position:    Safety  Engr.,  United  Verde  Copper  Co.,  Jerome,  Arii. 

Kldiard  Warren  Sanger,  Port  Jervis,  N.  Y. 

Proposed  by  A.  S.  Dwight,  H.  J.  Stehli,  P.  A.  Musman. 

Bom  1879,  Port  Jervis,  N.  Y.  1892-95,  Port  Jervis  High  School.  1901-05, 
Mass.  Inst.  01  Tech.,  Mining  and  Metallurgical  course;  B.  S.  1896-07,  Chemist, 
Greene  Cananea  Copper  Co.,  Cananea,  Son,,  Mexico.  1897-1911,  Chemist,  American 
Smelting  &  Refining  Co.,  £1  Paso  and  Aguascalientes, 

Present  position:     1911  to  date,  Aast.  Supt.,  A.  S.  &  R.  Co.,  Agnaaoalientes. 

Homer  Kent  Sherry,  Mascot,  Tenn. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  H.  A.  Buehler. 

Bom  1SS8,  Brownsburg,  Ind.  1895-1904,  Common  Schools  of  Osage  County, 
Kan.  1904-08,  High  School,  Eaton,  Ind.  1908-12,  Missouri  School  of  Mines  and 
Metallurgy ;  B.  S.  1912-13,  Machine  helper,  machine  man  and  power  man,  American 
Lead,  Zinc  &  Smelting  Co.,  inminesat  Carterville,  Mo.  1911,  Summer,  mines  of  Colo., 
most  of  time  at  Victor. 

Present  position :  1913  to  date,  American  Zinc  Co.  of  Tenn.  at  Mascot,  as  powder 
foreman  and  shift  boss. 

bring  T.  Snyder,  Denver,  Colo. 

Proposed  by  D.  W.  Brunton,  Frank  M.  Taylor,  Edward  W.  Keith. 

Born  1884,  Denver,  Colo.  1905,  Sheffield  Scientific  School,  Yale  Univ.;  Ph.  B. 
1908,  Took  charge  of  the  Western  Alkali  Mfg.  Co,  of  Green  River,  Wyo.,  in  the  manu- 
facture of  caustic  and  sal  soda;  have  continued  with  the  company  as  Geni.  Mgr.  and 
later  as  Pres.  1912,  became  actively  associated  with  Vindicator  Cons.  Gold  Min. Co., 
with  mines  at  Independence,  Colo. 

Present  position:     1913  to  date,  Vice-Prea.,  Vindicator  Min.  Co. 

Ensene  L.  Steindler,  Cobalt,  Ont,,  Canada, 

Proposed  by  J.  F,  Kemp,  Charles  P.  Berkey,  Alfred  J.  Moses. 

Bom  1887,  San  Francisco,  Cal.  1901,  Grad.  Public  School,  New  York.  1901-03, 
DeWitt  Clinton  High  School,  transferred  to  High  School  of  Commerce.  1908-12, 
School  of  Mines,  Columbia  University.  1903-08,  In  business.  Block  Light  Co.,  17 
Park  Place,  New  York  Ci^,  as  clerk.  Advertising  Mgr.,  and  Aast.  to  Pres. 

Present  position:     1912  to  date,  Secretary-Treas., Dominion  Reduction  Co.,  Ltd. 
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Born  1875,  Stephensville,  Texas.  190(M>1,  John  Tarleton  CoUege,  Stepheosville, 
Texas.  1901-04,  Student  in  Univ.  of  TexM,  AuHtin,  Texas;  B.  S.  1904-05,  Port- 
graduate  student  in  Chemiatry  and  Mining  Engineering.  1906,  Six  tuontha  miner 
and  laborer,  Victor,  Colo.  1906,  Assayer  and  Surveyor,  Chisoa  Min.  Co.,  Teriingua, 
Texas.  1907,  Supt,,  Ario  Copper  Co.,  Ario  de  RosoleB,  Michoaoan,  Mexico.  191%, 
Supt.,^  Tamaulipeca  Min.  Co.,  Victoria,  Tamaulipaa,  Mexico.  1009-13,  Employed  in 
CVanide  depts.  and  Bullion  rooms  of  various  mUle,  Guanajuato,  Pachuca,  EI  Oro, 

Present  position:    Miner,  Mogollon,  N.  M. 

Karl  Aksel  Strand,  Hanover,  N.  M. 

Proposed  by  Robert  Hureh,  Russell  B.  Paul,  Cony  T.  Brown. 

Bom  1885,  Chriatiaoia,  Norway.  1912,  School  of  Mines,  Soooixo,  N.  M,;  B.  S. 
and  E.  M.  I9I2,  Utah  Copper  Co.'s  Mill,  Garfield,  Utah.  1913,  Copper  Queen  Co., 
Bisbee,  Arii. 

Present  position:     Engineer,  the  Empire  Zinc  Co.,  Hanover,  N.  M. 


Bom  1881,  Lancaster,  Pa.  1894-98,  St.  Paul's  School.  1898-1902,  Wiltiami 
CoUeBe;B.  A.  1902-03,  New  York  Law  School.  1903-06,  Clerk,  Taylor 4  Bninton 
Sampling  Co.,  Victor,  Colo.  1906-10,  Asst.  Mgr.,  Taylor  A  Bninton  Ore  Sampling 
Co.,  Salt  Lake  City,  Utah.  1910-11,  Mgr.,  Taylor  <t  Brunton  Ore  Sampling  Co., 
Silver  City,Utah. 

Present  position:  1912  to  date,  Chief  Stockholder  and  Mgr.,  David  Taylor  &  Co, 


Bom  1888,  Near  Yreka,  Cai.  1892-96,  Country  District  Schorf,  Cal.  1896-98. 
Gymnoflium,  Dresden,  Germany.  1898-1900,  About  fourteen  different  schools  in 
So.  Africa.  1900-01,  Belmont  School,  Cal.  1901-02,  Browne  A  Nichols  School, 
Comb.,  Mass.  1902-06,  RindgeManual  Training  School,  Cambrid^,  Mass.  Ob- 
tained certificate  of  graduation.  1905-06,  Summer,  Harvard  Engmeerin^  Camp, 
Hquam  Lake,  N.  H.;  course  in  plane  surveying.  1906-10,  Mass.  Inst,  of  Tech., 
Boston,  Mass.;  B.  S,  in  Mining  and  Met.  During  my  college  course  I  had  additional 
employment  as  follows:  four  months  surveying  and  night  mill  man,  Queen  of  Sheba 
mine,  Siskiyoo  County,  Cal.  Two  months  examination  of  mine  at  Atlanta,  Idaha 
1910-11,  Nevada  Cons.,  McGill,  Nev.  1911-12,  Anglo-Columbian  Development 
Co.  1912,  Two  months,  Exaraination  on  Trinity  River  near  Lewiston,  Cal,  1912-14, 
Canadian  Klondyke  Min.  Co.,  Dawson,  Yukon  Territory. 

Daniel  B.  Wentz,  Philadcphia,  Pa. 

Proposed  by  Samuel  D.  Warrincr,  H.  M.  Chance,  Eli  T.  Conner. 

Born  1872,  Jcddo,  Pa.  1892,  Philiipa  Academy,  Andover,  Mass.  1896,  Wairep 
Scientific  School,  Harvard  Univ.,  Cambridge,  Mass.  1896  to  date,  Virginia  Coal  4 
Iron  Co.,  Big  Stone  Gap,  Va.  1900  to  date,  Stonoga  Coke  k  Coal  Co.,  Stone ga,  Va. 
1909  to  date,  Midvallev  Coal  Co.,  Philadelphia,  Pa.  1908  to  date,  Maryd  Coal  Co., 
Philadelphia,  Pa.  1908  to  date,  J.  S.  Went*  &  Co.,  Philadelphia, Pa.  190S  todate. 
Royal  Colliery  Co.,  Chicago,  III. 

Present  position:  Executive  officer  of  above  corporations. 

George  Harrison  Wigton,  Great  Falls,  Mont. 

Proposed  by  John  H.  Klepinger,  Milo  W.  Krejci,  C.  R.  Kusell. 

Born  1888,  Hastings,  Neb.  1903-07,  East  Denver  High  School.  1913,  Colo. 
School  of  Mines;  B.  M.     1910-11,  Asst.  Engr.,  Camp  Bird   Mine,  Ouray,  Colo. 

Present  position:  Investigator,  B.  A  M.  Red.  Dept.,  Anaoonda  Copper  Mining 
Co. 

Fr«d  WiUsrd  Tonng,  Winchester,  Mass. 

Proposed  by  William  Kingman  Page,  E.  A.  Cappelcn  Smith,  Charles  H.  White. 

Bom  1887,  St.  Stephen,  N.  B.,  Canada.  Public  Schools,  Brookline.  1907-11. 
Harvard  College;  B.  8.  1911-12,  Grad.,  School  of  Applied  Science,  Harvard  Univ.; 
M.  E.  1913,  Worked  on  machine  drill,  American  Zinc  A  Lead  Co.,  Mo.  1913,  Worked 
in  Butte  on  a  machine;  in  the  assay  office,  and  in  the  mill  of  the  Butte  A  Superior 
Copper  Co.     Engineer,  Davis  Daly  Copper  Co. 

Present  position:  Unemployed. 
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AuociaU  Members 

JameB  Baraett  Ambler,  Salt  Lake  City,  Utah. 
Proposed  by  W.  A.  Wikon,  George  W.  Riter,  Frank  Anderson. 
Bom  1878,  Philadelphia,  Pa.     1901,  Unm  of  Penn.;  B.  S.     1901-14,  Engineer 
with  General  Electric  Co. 

Present  position:  Sales  Agent  with  General  Mectrto  Co. 

WllliB  Whittier  Case,  Jr.,  Denver,  Colo. 

Proposed  by  Fred  H.  Boatwidk,  C.  L.  Colburn,  Cony  T.  Brown. 

Bom  1881,  Washington,  D.  C,  Public  SchooUL  Washington,  D.  C.  Columbian 
Univ.,  Washington,  D.  C.  Ohio  State  Univ.,  Ceramic  Dept.  New  York  State 
School  of  Ceramics,  Alfred,  N.  Y.  Minor  under  instruction,  U.  S,  Naval  Gun  Fac- 
tory, Washington,  D.  C..  tour  years.  Twelve  years,  all  departments  of  Denver 
Fire  Clay  Co.  Mfg.  oF  full  line  of  aasayers'  materials,  and  inventor  of  Case  Met.  and 
Assay  Furnaces. 

I^^sent  position:  Pres.  and  Genl.  Mgr.,  Denver  Fire  Clay  Co. 

Spencer  Disston  Wrjf^t,  Philadelphia,  Pa. 

FTopooed  by  F.  Lynwood  Garrison,  R.  U.  Sanders,  H.  M.  Chance. 
Born  1860,  Philadelphia,  Pa.     Publio  School  education.     1905-14,  Pres.,  Warrior 
Copper  Co.,  Globe,  Aris. 

Present  position:  1912  to  date,  Vice-Pres.,  Penn. -Canadian,  Cobalt,  Canada. 

Junior  Members 

Theodore  H.  Barrett,  Forest  Hills,  N.  Y. 

Proposed  by  J,  F,  Kemp,  Charles  P.  Berkey,  E.  L.  Kurta. 

Bom  1892,  Brooklyn.  N.  Y.     1914,  E.  M.,  Columbia  School  of  Mines. 

Present  position:  Student  at  Columbia. 

William  Wallace  Colquhoun,  Tunbridge  Wells,  England. 

Proposed  by  Arthur  L,  Walker,  Robert  Peele,  William  Campbell. 

Bom  1800,  San  Francisco,  Cal.  Until  1904,  earl^  education  in  California. 
Six  years  at  Gienalmond  School.  Until  1910,  Perthshire,  Scotland.  Four  years 
in  the  School  of  Mines,  Columbia  Univ.  1914,  Degree  M.  E.  I  have  not  filled  a 
technical  position,  but  have  been  with  my  father,  James  Colquhoun,  former  President 

_tii_,  A f i-i. -vny  of  his  technical  trips  and  tours  of  inspection.  . 

ted. 

Walter  Victor  Fox,  Flushing,  N.  Y. 
Proposed  by  J.  F.  Kemp,  Robert  Peele,  E.  L.  Kurtx. 
"    Bom  1893,  New  York  City.     1898-1906,  Public  School,  FIushing.L.  I.     1906-10, 
Flushing  High  School.     1910-14,  School  of  Mines,  Columbia  Univ. 
Present  position:  Student  at  School  of  Mines,  Columbia  Univ. 

Walter  FrankUn  Graham,  Graham,  Tazewell  Co,,  Va. 

Proposed  by  C.  E.  McQuigg,  W.  R.  Crane,  H.  D.  PaUister. 

Bom  1891,  Phihidelphia,  Pa.  1900-08,  Haverford  School,  Haverford,  Pa.  1908- 
09,  Haverford  College,  Haverford,  Pa.  1910,  Penn.  State  College,  State  College,  Pa. 
1909-10,  Metallurgical  Dept.,  Standard  Roller  Bearing  Co.,  Philadelphia,  Pa.  Sum- 
mers of  1912,  1913,  same  company. 

Present  position:  Student  of  Metallurgy  at  the  Penn.  State  College,  State  College, 


i  Palmer  Grieve,  Brooklyn,  N.  Y. 

Proposed  by  Robert  Peele,  Charles  P.  Berkey,  J.  F.  Kemp. 

Bom  1886,  Haverhill,  Mass.  1903-06,  DeWitt  Clinton  High  School,  New  York 
City.  1906-08,  Holyoke  High  School,  Holyoke,  Mass.  1910-14,  Columbia  School 
of  Mines,  Columbia  Univ. 

Present  position:  Student,  School  of  Mines,  Columbia  University. 

John  Falcomer  Haddow,  Lebanon,  Pa. 
Proposed  by  C.  E,  McQuigg,  W.  R.  Crane,  H.  D.  PaHister. 

Bom  1890,  Covington,  Ky.  1909,  Lebanon,  Pa.,  High  School.  1907-08,  Worked 
for  I^nn.  Steel  Co.,  during  summer  vacation. 

I^esent  position:  Student,  School  of  Mines,  Penn.  State  College,  State  College, 
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Frftnds  B.  Johnston,  Bessemer,  Mich. 

Proposed  by  C,  E.  McQuigc,  W.    R,  Crane,  H.  D.  Pallister. 

Botn  1890,  Wateremect,  MLnli,  1904-08,  Bessemer  High  School.  1908-11. 
Vii^iDia  Military  Institute,  Lexington,  Pa.  1912,  Penn.  State  CoUeKe,  SUte  CoU^^, 
Pa.     1911-12, Worked  at  the  Homestead  Plant  of  the  Carnegie  Sted  Co. 

Present  position :  Student  of  Metallurgy  at  the  Penn.  State  College,  Stat«  College, 


Hack  C.  Lake,  Madiaon,  Wis. 

Proposed  hy  G.  K.  Leith,  Edwin  C,  Holden,  RiRhard  S.  McCaffery. 
Bom  1800,   Brodhead,  Wis.     1895-1908,  Common  and  High  School,  Brodhesd, 
1908-09,  Teacher  in  common  school.     1909-14,  U.  W.,  Mining  Engr.     1911, 


Summer,    Geological  work  on  Vermillion  Iron  Range,  Madison,  Wis,     1912,  Sum- 
mer, U.  S.  Geological  Survey  in  Wyo.      1913,  Exploration  work  for  E.  J.  Longyesr 
,    Minneapolis,    Minn.,  at  Bauxite,   Ark.     Have  been  assisting  C.  K.  Leith, 


Madison,  Wis.,  for  two  years  when  at  school  on  mine  reports,  estimates,  e' 
Present  position:  Student  at  Univ,  of  Wis,,  also  assisting  C.  K.  Leith. 

Frank  I.  Plttman,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen,  Russell  B.  Caples,  Jr.,  F,  F.  Prick, 

Bom  1880,  Argentine,  Kan.     Finishing  course  at  Colorado  School  of  Mines. 

Present  position:  Student. 

VtUiam  Crist;  Pryer,  Rapid  City,  8.  D. 

Proposed  by  C.  C.  O'Harra,  Welton  J.  Crook,  A.  8.  Halley. 

Born  1890,  Falmouth,  Moss.  1896-99,  Common  Schools,  Chicago,  III.  1899-04 
Common  Schools,  Falmouth,  Mass.  1904-08,  High  School,  Aberdeen,  S.  D  190»- 
09,  Northern  Normal  and  Industrial  School,  Aberdeen,  S.  D.  1909,  South  Dakota 
School  of  Mines.  1910-13,  Summers,  drafting  and  surveying,  Aberdeen,  and  Rapid 
City.  S.  D, 

Present  position:  Candidate  for  B.  S.  degree,  8.  D.  School  of  Mines,  and  F^ist 
~.    ;„  r-i,-™!...,.      Member  of  the  Geological  and  Mining  Society  of  American 

Paul  W.  RlsheU,  MontoursviUe,  Pa. 

Proposed  by  C.  E.  McQuigg,  W.  R.  Crane,  H.  D,  Pallister. 

Born   1893,  Ansonville,  Pa.     1904-09,  Williamsport  Dickinson  Seminary.     1910, 

Grad.  Pennington  Seminary  secondary  school. 

Present  position:  Student,  School  of  Mines,  Penn.  State  College. 

Janshi  Tan  En  Sen,  New  York.  N.  Y. 

Proposed  by  Robert  Peele,  Arthur  L.  Walker,  J.  P.  Kemp. 
Bom  1882,  Ping  Yuen,  Kwei  Chow,  China.     1900-09,  National  Univ.,  Peking, 
China;  B.  S.     1910-14,  School  of  Mines,  Columbia  Univ.;  E.  M.     1909,  Instructor  in 

Chemistry,  Teachers'  College,  Kwei  Chow,  Chins. 

Present  position:  Student  in  School  of  Mines,  Columbia  Univ.,  New  York  City. 

Everett  W.  Smith,  Washington,  D,  C. 

Proposed  by  C.  E.  McQuigg,  W.  R.  Crane,  H.  D.  Pallister. 

Born  1888,  Steelton,  Pa.  1904-08,  Steelton,  Pa.,  High  School.  1908-09,  Beth- 
lehem Preparatory  School.  1911,  Penn.  State  College,  Worked  during  summer 
vacations  the  last  nine  years  tor  the  Penn.  Steel  Co.  in  various  departments,  including 
Electrical,  Coke  Oven,  Open  Hearth,  etc. 

Present  position:  Student  of  Metallurgy  at  the  Penn.  State  College. 

Ralph  Evans  Wells,  Jr.,  Los  Angeles,  Cal. 

Proposed  by  Robert  H,  Richards,  Charles  E,  Locke,  Carle  R.  Hayward, 

Born  1891,  Topeka,  Kan.  1898,  Public  School,  Prescott,  Aria,  1901,  Public 
School,  Los  Angeles,  Cal.  1903-05,  Pubhc  School,  Salt  Lake  CiU,  Utah.  1906-10, 
Polytechnic  High  School,  Log  Angeles,  Cal.  1910-14,  Mass.  Inst.  Technology,  Boston, 
Mass.  1910-JI,  Summer,  Surveying  Party  on  Pacific  Electric  R.  R.,  Los  Angeles, 
Cal.     1912,  Summer,  Laborer,  Arthur  Plant,  Utah  Copper  Co.,  Garfield,  UUh. 

Present  position:  Student,  Mass.  Inst,  of  Technology. 
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Chanqbs  of  Address  of  Meubers 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  May  10  to  June  10,  1914.  This 
list,  together  with  the  lists  published  iu  Bulletin  Nos.  88  to  90,  April 
to  June,  1914,  and  the  foregoing  list  of  memberSr  therefore,  supplements 
the  annual  list  of  members  corrected  to  Mar.  I,  1914,  and  brings  it  up 
to  the  date  of  June  10,  1914. 

AiTBTiN,  £.  A Care  Yukon  Gold  Co.,  Iditerod,  Alaska. 

Barbodb,  Pbrc*  E 887  Middle  Street,  Bath    Me. 

Batchellor,  StiUiUan , Littleton,  N.  H. 

Beckwitb,  H.  T 2415  Ninth  St.,  Wichita  Falla,  Texas. 

BsTrs,  Anson  G Stackhouse,  N.  C. 

BiBKiNBtNE,  J.  L.  W Parkway  BIdg.,  Broad  and  Cherry  Sts.,  Philadelphia  Pa. 

Blood,  Gboxoe  D 1021  Keama  Bide.,  Salt  Lake  City,  Utah. 

BoDTWELL,  JoBN  M Howard-Can  Geld  Bldg.,  Santa  Barbara,  Cal. 

Bradt,  Harlan  H 5732  Kentucky  Ave.,  Pittaburn,  Pa. 

Bdbns,  E.  Z 25  Madison  Ave.,  New  York,  N.  Y. 

Bcsh,  M.  W American  Trust  &ldg.,  BirmioKham,  Ala. 

BoTLSB,  M.  0 Care  Yukon  Gold  Co.,  Dawson,  Y.T.,  Canada. 

Chase,  F.  D Dedhwn  Ave.,  Dedham,  Mass. 

Clement,  Harrison  E University  Gtub,  Salt  Lake  City,  Utah. 

Clbrc,  F.  L Estea  Park,  Colo. 

Coi-E,  ROBBBT  J Care  Queen  of  the  West  Mines  Co.,  Cornucopia,  Ore, 

Cooper,  J.  H Skidoo  Mines  Co.,  Skidoo.  Cal. 

CoirsiN,  R. . .  Rukuba  Tin  Mines,  Ltd.,  Care  Naraquta  Post  Office,  Northern  Nigeria, 

W.  Africa. 

CoxE,  Edward  H P.  0.  Box  444,  La  Folletle,  Tenn. 

Crbubr,  Felix Needles,  Cal. 

DiCKMAH,  R.  N P.  0.  Bojt  B,  Wequetonsing,  Mich, 

Draper,  Cakl  H 112  Bloomfield  St.,  Dorchester,  Mass. 

Emery,  A.  B Care  The  Engineers'  Qub,  32  W.  40th  St.,  New  York,  N.  Y. 

Epplbt,  Marion Princeton,  N.  1. 

Fahrenwald,  F.  a 2170  Steams  Road,  Cleveland,  Ohio. 

Fobs,  Theodore Manejni  pereouick,  16,  log.  38,  St.  Peterabui^,  Russia. 

Fyfb,  Alexander Care  Institution  of  Mining  and  Metdlui^,  1  Finsbury  Cirois, 

London,  E.  C,  England, 

GuBs,  Gboroe  H 83  linwood  Road,  Handsworth,  Birmingham,  England. 

Glovbr,  G.  H Short  Hills,  N.J. 

Gray,  E.  F Kimberly,  Nev. 

Greene,  Lewis  H Hotel  Carlton,  Berkeley.  Cal. 

Grbenepelder,  Nelson  S Care  Tacoma  Smelting  Co.,  Tacoma,  Wash. 

Gross,  John.. Mines  Alotepeque,  Conoepcion,  Depto.  Chiquimu la, Guatemala,  C.  A. 
Haoar,  Edward  H..  .1514  New  Continental  and  Commercial  Bank  BIdg., 

208  South  La  Salle  St.,  Chicago,  HI. 

Hamilton,  Harry  T Mocteiuma  Copper  Co.,  Nacozari,  Son.,  Mexico. 

Hicks,  Charlbs  M Marengo,  III. 

Hill,  Walter  Hovet Cambridge,  Idaho. 

HiRSRBERa,  Frank  J Look  Elox  P.,  Choteau,  Mont. 

Horcasitas,  a.  S 66  Madison  Ave.,  New  York,  N.  Y. 

HoLiCK,  WiLUAH  H 11  Broadway,  New  York,  N.  Y. 

HuTCHiNS,  J.  P 441  Salisbury  House,  London,  E.  C,  England. 

Jackson,  F.  H Care  Mines  Co.  of  America,  714  Mills  BIdg.,  El  Paso,  Texas. 

Jaqdbs,  W.  H Little  Boar's  Head,  N.  H. 

Jabvib,  Rotal  P ~ Instructed  to  hold  aU  mail. 

Jaynb,  A.  R 127i-6-N.,  Seattle,  Wash. 

Jenkinos,  Hbnnbn Care  Mariposa  Commercial  and  Mining  Co., 

609  Insurance  Exchange  BIdg.,  San  Francisco,  Cal. 

Kaptrr,  Stephen  L Care  Burro  Mountain  Copper  Co.,  Tyrone,  N.  M. 

Kemp,  Jambb  T 211  West  139th  St.,  New  York,  N.  Y. 

Kirkcaldy,  N.  M Shire  of  Walpeup-Ouyen,  Victoria,  Australia. 

Kleesattbl,  Richard 808  American  Bank  BIdg.,  Seattle,  Wash. 

Knutzen,  Theodor 112  N.  Plum  Street,  Richmond,  Va. 
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K0KU.E,  Cabl iDstructed  to  hold  aU  maiL 

Kraube,  Walter  B 421  Chestnut  St.,  Leb&noD,  P%. 

Ladoo,  Ratiiond  B 7  Oak  Avenue,  Leominster,  Mast. 

Lauhib,  Frank  C Care  T,  J.  Ryder,  Cia.  Mei.  de  Petrolea  " El  Amula"  S.  A. 

Ave.  Indepeudencia  15,  Vers  Crui,  Mex. 

Lee,  George  B Brentwood,  Long  Island,  N.  Y. 

Lewis,  Robert  8 270  South  13th  East  St.,  SaltXaice  Qty,  Utah. 

Lincoln,  Francis  CHUltCU ,' 264  Boylstaa  St.,  BoHton,  Maas. 

LucKE,  P.  K Greenwood,  Kim,  Sootland. 

McLiNTOCK,  A Hermoa,  St.  Lawrence  Co.,  N.Y. 

Macfaelane,  RiENzi  W Care  J.  E.  Hobertson  &  Co.,  509  Milk  Bldg., 

M  Paso,  Texas. 

MAtraoN,  Frank  H General  Deltveiy,  Bessemer,  Mich. 

Maqbb,  Jaueh  F Detroit  Copper  Mining  Co^  Morend,  Aril. 

Von  Maltitz,  Ehmund Hese  Steel  Caatings,  Ltd.,  Bridgeton,  N.J. 

Mann,  Williau  Seward '. .  .Cisco,  CaJ. 

Mabshall,  George  B 442  E.  136th  St.,  New  York,  N.  Y. 

Marshall,  S.  M 408  TiomSt.,  Westmont,  Johnatown,  Pa. 

Mohrman,  Edwin  M 1293  West  111th  St.,  Cleveland,  Ohio. 

MORRtS,  H.  G E.  F.  D.  1,  Kllmore,  Cal. 

Morrison,  W.  L. Welland,  Ont.,  Canada. 

Moses,  George  F '. Martell,  Amador  Co.,  Cal. 

Murphy,  E.M 6  Concord  Ave.,  Belmont,  Maas. 

Mtbbb,  J.  W P.  O.  Box  345,  Golden,  Colo. 

Nicholas,  Askin  M Block  14,  Torrington,  Bismuth,  via  Deepwater, 

N.  S.  W.  Australia. 

Paob,  William  Kinquan Room  1711,  165  Broadway,  New  York,  N.  Y. 

Paine,  F,  W 82  Devonshire  St.,  Boston,  Mass. 

Paluer,  C.  H.,  Jr Pacific  Mines  Corporation,  Ludlow,  Cai.  (Sta^x  P.  0.) 

Pakkbr,  R.  a 802  Equitable  Bldg     Denver,  Colo. 

pERRT,  W.  A 2nd  Ave.  and  7l8t  St.,  Brooklyn,  N,  Y. 

Porter,  Jesse  C Care  R.  A.  Macfie,  Calle  Tctuan  7,  San  Juan,  Porto  Rico. 

Powell,  F 6025  12th  Ave.,  N.  E.,  Seattle,  Waah. 

Prochazka,  Georoe  A.,  Jr. Elaaff,  Alberta,  Canada. 

Ptne,  Francis  R 29  Sootland  Road,  Elizabeth,  N.  J. 

Remick,  Walter  L Eagle  River  Mine,  Eagle  River,  Alaska. 

RiCKARD,  Edgar 724  Salisbury  House,  London,  E.  C,  England. 

RiCKARD,  T.  A 724  Salisbury  House,  London,  E.  C,  England. 

R1E8,  H 19  Whitehall  Place,  E.  Orange,  N.  J. 

RODQERH,  George  B St.  Louis  Smelting  &  Refining  Co.,  St.  Francois,  Mo. 

Seaman   Henry  B 233  Broadway,  New  York,  N.  Y. 

Smith,  H.  DeWitt Konnecott,  Alaska. 

Sproat,  a.  D Care  American  Consul,  Vera  Crus,  Mexico. 

Stanton,  Robert  B 700  West  End  Avenue,  New  York,  N.  Y. 

Starr,  Charles  C 1201  'Ridge  8t^  Reno,  Nev. 

Stdckby,  L.  C 2  Elm  Bank  Gardens,  Barnes,  London,  S.  W.,  Enriand. 

Tachmann,  Henry Bunker  Hill  4  Sullivan  M.  A  C.  Co^  Kellogg,  Idaho. 

TiBBY,  Benjamin  F 178  "E"  Street,  Salt  Lake  City,  Utah. 

Teischea,  Carl Care  F.  M,  Lay,  I^vernia,  Texas. 

Vallat,  Benjamin  W 347  E.  Grand  BoulevMd,  Detroit,  Mich. 

VioEON,  E,  C.,  Met 27  Caithness  Road,  Mitcham,  Surrey,  England. 

Warriner,  R.  C Box  102,  Crown  Mines,  Johannesburg,  Transvaal,  S.  Africa. 

Wherry,  H.  P 323  Broadway,  Cincinnati,  Ohio. 

Williams,  Fred  T 1361  Stratford  Ave.,  Salt  Lake  City,  Utah. 

Wilson,  Gordon  . : Instructed  to  hold  all  maiL 

Worth,  John  G Box  295,  Santa  Fe,  N.  M. 

Young,  James  S Care  Milne  4  Co.,  Lima,  Peru,  S.  A. 

YODNO,  WiLUAM  A Kendall,  Mont. 

Addresses  of  Membkbs  and  Associates  Wanted 
Name.  Last  Address  of  Record,  from  which  Mail  has  been  Returned. 

Bolles,  J.  H 114  W.  79th  St.,  Now  York,  S.  Y. 

Bryce,  R.  a Ross  M.  M.  Co.,  Silverton,  Cdo. 

Chamberlain,  John.R.  .El  Aguila^Oil Co.,  Apartado  150,  Tampico,  Tamps.,  Mexico. 
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DiHBROw,  W.  F 1108  Foster  BIdg.,  Denver,  Colo. 

Eluot,  John  L 54  New  Bond  St.,  London,  E.  C,  EnglBiii' 

Hbldt,  Hans  L. Sombrerete,  Zac,  MexicL. 

HomiANN,  A.  O Handtverkargat&n  15,  Stockliolm,  Sweden. 

jErPRKT,    RoBKRT    H Gabriel,  Dur.,  Mexico. 

LB4TSU,  JOHM  H Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Pearsb,  Edwin  A Raymond,  Madera  Co.,  Cal. 

PoLKiNHOBN,   E.  J Apartftdo  Postal  No.  12,  Terrcon,  Coahuila,  Mexico. 

Rawumos,  Stdakt  L Durango,  Mexico. 

ScoBEY,  J.  C 3424  Colfax  Ave.  B.,  Denver,  Colo. 

SmiN'OTON,  Francis  J 6444  Stoney  Island,  Jackson  Park  8ta.,  Chicago,  111. 

TSBL,  WiLLiAH  H 205  19th  Ave.  N.,  Seattle,  Wash, 

Wheelwrioht,  O.  W Madison,  Wis. 

YoiTNo,  CD Tower  City,  N.  D. 

Necboloot 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
ofBce  during  the  period  May  10  to  June  10,  1914. 
Date  of 
Election.  Name.  Date  of  Decease 

1912  •Barlow,  A.  E May  28,  1814. 

1902  •Harris,  W.  F Nov.    4,  1913. 

1904  *Weniger,  Rudolf. ; 

•Member. 
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executive  committees  of  local  sections 

New  York 

L.  W.  FRANCIS.  Chtirman. 
WILLARD  8.  M()R»E.  Vii»^hairman. 
THOMAS  T.  READ.  Stmtani.  Woolwoith  Bldg.,  Now  York,  N.  Y. 
P. 
LOUIS  D.  HUNTOON, 


HENRY  L.  SMYTH,  Chairman. 

ALFRED  C.  LANE,  Vi»<:itawmaH. 

AUGUSTUS  H.  EUSTI8.  Secrttarv-TTtatunr.  131  Bute  St.,  BoatoD.  Mas. 

TIMOTHY  W.  SPRAQUE,  HENRY  A.  WENTWORTH. 


JOSEPH  DANIELS,  Chairman. 
J.  N.  POTT,  yic.-CHo.ViMn. 
I.  F.  LAUCKS.  StentoTyTreanrtT,  fiE  Yoler  Way,  SeitUB,  Wuh. 
A.  F.  BLAIR,  CHESTER  F.  LEE. 

Southern.  Califomia 

THEODORE  B.  COM8TOCK,  Chairman. 
8EELEY  W.  MUDD,  Vice-Chairman. 
FREDERICK  J.  H.  MERRILL.  Secntarv-Trtaturtr,  300  Gormua  Bld«.,  Loa  Anido^  C 
C.  COLCOCK  JONES.  FRANK  BOBBINS. 

Colorado 

FRANK  BULKLEY,  CAairman. 
C.  LORIMER  COLBURN,  SieTttaTy-TrtamTer 
8.  A.  IONIDE8.  JAMES  M.  McCLAVE, 

Montana 

E.  P.  MATHEWSON,  Chairman. 
FRANK  M.  SMITH,  Vi«.^*atnnaii. 
D.  C.  BARD,  StcrHary.  ModUds  SUM  Sohool  of  Minn.  ButM.  Mont. 
JAMES  L.  BRUCE.  OSCAR  ROHN. 

San  Francitco 
8.  B.  CHRISTY,  Cltairmai,. 
H.  C.  HOOVER,  Vice-chairman. 
ABBOT  A.  HANKS,  SecrHarv-TreaaurcT.  630  Sscnioetito  St.,  Sid  Fnneiuo.  C*l. 
F.  W.  BRADLEY.  C.  W.  MERRILL. 

Pennsylvania  AtUhTacUe  Section 

R.  V.  NOHHIS,  CAoirmoB. 
CHARLES  F.  HUBER.  Via-Chairman,  W.  J.  RICHARDS.  ViH-Chairman, 

EDWIN  LUDLOW,  Viee-Chairman,  ARTHUR  H.  STOHR8,  Vica-ChairMan. 

CHARLES  ENZIAN,  StcrOary-Trtaiurer,  U.  S.  Bareau  of  Mine*.  WilkoiHB^re,  P«. 
DOUGLAS  BUNTING.  JOHN  M.  HUMPHREY, 

RUFLS  J.  FOSTER,  ALBERT  B.  JESBUP. 

FRANK  A.  HILL,  ROBERT  A.  QUIN. 

St.LouU 

HERBERT  A.  WHEELER.  Chairman. 
FIRMIN  V.  DESLOGE.  Vkt-Chaitman. 
WALTER  E.  McCOVRT.  Srertlarv-TrfotuTer.WaiihiBtloa  Univ..  St.  Louia.  Mo. 
W.  MALCOLMSON.  R.  a.  bull.  PHILIP  N.  MOORE. 
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Chicago  CommiUee 


■.  HUNT.  CSairm 


CEOROE  W.  RITER. 

STANDING  COMMITTEES 


BENJAMIN  B.  THAYER,  Chain 


Membership 

KARL  BILERS,  Chairmc 


KARL  EILERS, 


Finance 

CHARLB3  F.  RAND,  t 


W.  L.  SAUNDERS, 


E.  OYBBON  ePILSBURV,  Chairman.' 
C.  R.  CORNING,'  ALEX.  C.  HUMPHREYS,' 

JOHN  HAY8  HAMMOKD,>  BRADLEY  8TOUGHTON. 

Pa-pen  and  PubUcaliont 

BRADLEY  BTOUOHTON.  C/iairman. 


JAME8  F.  KEMP, 
THOMAS  T.  READ. 
LEONARD  8.  AUSTIN. 
JOHN  BIRKINBINE, 
DAVID  W.  BRUNTON, 
GBLA8I0  CAETANI, 
WILLIAM  CAMPBELL, 
ALBERT  E.  CARLTON. 
ALLAN  JAY  CLARK, 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH, 
CHARLES  H.  FULTON, 
JAMES  QAYLEY, 
CHARLES  W.  GOODALE. 
C.  WILLARD  HAYES, 
HEINRICH  O.  HOFMAN, 
HENRY  M.  HOWE, 


LOUIS  D,  HUNTOON. 
L.  O.  KELLOGG, 
WILLIAM  KELLY, 
JAMEa  F.  KEMP, 
CHARLES  KIRCHHOFF, 
CHARLES  K.  LEITH, 
ANTHONY  F,  LUCAS, 
RICHARD  MOLDENKE. 
SEBLEY  W.  MUDD, 
HENRY  S,  MUNROE, 


ROBERT  H.  RICHARDS, 
HEINRICH  RIES, 
E.  F.  ROE  BE  R. 
RENO  H.  SALES, 
ALBERT  SAUVEUR 
CHARLES  H.  SHAMEL, 
HENRY  L.  SMYTH, 


EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R035ITER  W.  RAYMOND. 
JOSEPH  W.  RICHARDS, 


RALPH  H.  6WEETSER, 
FELIX  A,  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  \ 


H.  F.  BAIN, 
WILL  L.  CI.ARK, 
JOSEPH  DANIELS, 


R.  V.  NORRIS, 
E.  O.  PIL3BURY, 
H.  A.  WHEELER. 


t  Until  Feb.,  IBIS.         •  Until  Feb..  1917.         •  Until  F«b„  IBIS. 
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HARRY  H,  BTOEE,  Chairman. 

Viee-Chairmen 

CHARLES  H.  FOLTON.  WILLIAM  B.  PHILLIPS. 

FREDERICK  W.  SPERR,  REGIS  CHAUVENET. 

QEORGE  J.  YOUNG, 
WALTER  R.  CRANE.  StcrrUvn.  FeaoaylvHiiu  Suts  CoUbvi,  Suta  CoUeie,  P>. 


LCTHER  W.  BAHNEY, 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER. 
GUY  H.  COX. 
JOSEPH  DANIELS. 
NOAH  P.  DRAKE. 


FRANK  W.  DUKKEE, 
HOWARD  EGKFELDT. 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH, 
CHARLES  B.  LOCKE, 
HENRY  B.  MELLER. 
WALTER  8.  MORLEY, 


CHARLES  1.  NORWOOD, 
GEO  ROE  S.  RAYMER, 
HEINRICH  RIES, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON, 
CLINTON  if-  YODNO, 


COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

ADOLPHE  E.  BORIE.  Ckairman. 

Vice-Ckairmen 

GEORGE  D.  BARRON,  PHILIP  N.  MOORE, 

EDWARD  H.  BENJAMIN,  ROBERT  H.  RICHARDS. 

PHED  H.  BOSTWICK,  MILNOR  ROBERTS, 

EXI  T.  CONNER,  CARL  SCHOLZ. 

C.  R.  CORNING.  WILLIAM  WBAITH. 
WALTER  DOUGLAS. 

9  T.  BEAD,  Sterlarv.  Woolworth  Bids.,  Now  York.  N.  Y. 


JOHN  B.  ALLEN, 
RICHARD  M.  AT  WATER.  J  «„ 
D.  C.  BARD, 
W.  PB  L.  BENEDICT. 
8.  W.  BEYER, 
A.  C.  BOYLE.  Jb., 
FREDERICK  BRADSHAW. 
JOHN  C.  BRANNER. 
J.  E.  BUTLER, 
PALMER  CARTER, 
ALLAN  JAY  CLARK. 
GEO.  M.  COLVOCORESSES, 
F.  CRABTREE, 
GEOROE  C.  CRAWFORD, 
O.  C.  DAVIDSON, 
JAMES  S.  DOUGLAS, 
N.  F.  DRAKE. 
DAMON  D.  DUN  KIN, 
HOWARD  N.  EAVENSON, 
HOWARD  ECKPBLDT, 


R.  C.  GEMMELL, 
EDWIN  C.  HOLDEN. 
WILLIAM  L.  HOJJNOLD, 
WALTER  E.  HOPPER, 
REGINALD  E.  HORE, 
TADA8HIR0  I 


C.  COLCOCK  JONES, 
EUGENE  F.  KENNEDY, 
Q.  E.  LADD, 
H.  N.  LAWRIE, 
CHESTER  P.  LEE, 
RICHARD  S.  McCAFFERY, 
3.  W.  McGALLIE. 

JAMES  F.  McClelland, 

MILTON  H.  M CLEAN. 
C.  G.  MEMMINGER, 
T.  H.  O'BRIEN, 
JAMES  J.  ORMSBEE. 
EDWARD  W.  PARKER, 


ROBERT  PEELE, 
CHARLES  P.  PERIN, 
JOHN  B,  PORTER, 
JOS.  HYDE  PRATT, 
FRANK  A.  RAY, 
R.  M.  RAYMOND. 
CHARLES  RHODES, 
LiROY  SALSICH. 
HENRY  LLOYD  SMYTH. 

C.  A.  STEWART.  ' 
STEPHEN  TABEH. 
KNOX  TAYLOR. 
JOSEPH  A.  VAN  MATER. 
ARTHUR  L.  WALKER. 
ELTON  W.  WALKER, 
CHO  YANG, 
C.  M.  YOUNG. 
MORRISON  B.  YUNG. 


JAMES  F.  KBMP.i 


INSTITUTE  HEPRESENTATIVES 
United  Engineering  Society  Truttem 

JOSEPH  STRUTHERS,!  CHARLES  F.  BAND.- 

Library  Board,  United  Engineering  Society 


C.  R.  CORNING," 

JOHN  HAYS  HAMMOND,' 

ALEX.  C.  HUMPHREYS,' 

1  Until  Feb.,  1BI5.        i  UntU  Feb.,  1018        ■  UutB  Feb..  1917. 
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CHARLES  A.  BUCK, 
ERNEST  F.  BUBCHAKD, 
PRANK  D.  CARNEY. 
A.  N.  DIEHL, 
JAMES  GAYLEY, 
HENRY  D.  BIfiBARD, 
HENRY  M.  HOWE, 


CHARLES  KIRCHHOFF.  FELIX  A.  VOOEL, 


RICHARD  V.  McKAY. 
RICHARD  MOLDENKE. 
CHARLES  F.  RAND. 
JOSEPH  W.  RICHARDS, 
C.  F.  W,  RY8, 

Predcus  and  Baae  MelaU 


LEONARD  WALDO, 
WILLIAM  R.  WALKER, 
WILLIAM  R.  WEBSTER. 
FREDERICK  W.  WOOD, 
DWIQHT  E.  WOODBRIDQE. 


CHARLES  W.  QOODALE,  Chairmaai 
L.  D.  RICKETTS.  Via-Chairman.  ROBERT  C.  OEMMELL.  VUt 

DAR8IE  C.  BARD,  Secrttarn,  MoDtwis  SUI«  School  of  Miosa,  Butts,  it 


V.  H.  ALDRIDOE, 

W.  LAWRENCE  f 

FREDERICK  I.  CAIRNS, 

DAVID  COLE, 

FRED  W.  DENTON,        > 

JOHN  C.  GREENWAY, 

LAFAYETTE  HANCHETT. 


'.  MATHEW80N.  C 


WILLIAM  H.  HOWARD. 
FREDERICK  LAI8T, 
C.  B.  LAKENAN. 
L.  D.  RICKETTS, 
FOREST  RUTHERFORD, 
ARCHER  E.  WHBBLEH, 
A.  E.  WIQGIN. 
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Gold  and  Silver 
F.  LYNWOOD  GARRISON,  Chaitman. 
W.  H.  BLACKBURN,  JAMES  W.  MALCOLUSON, 

F.  L.  BOSQUl,  CHARLES  W.  MERRILL, 

PHILIP  R.  BRADLEY,  WILLET  G.  MILLER, 

CHARLES  BUTTERS,  CHARLES  H.  MUNRO. 

HARRY  S.  DENNY,  HENRY  C.  PERKINS. 

JOHN  V.  N.  DORR,  R,  M.  RAYMOND, 

FRANKLIN  OUITERMAN,  WHITMAN  SYMMEB. 

Lead 

H.  O.  HOFMAN,  CSairman. 

LEONARD  a,  AUSTIN,  SIDNEY  J.  JENNINGS. 

0.  M.  BILHARZ,  FRANK  M.  SMITH. 

JOHN  8.  CARNAHAN,  ARTHUR  THACHER, 

ARTHUR  8,  DWIGHT,  BULKLEY  WELL£, 

KARL  EILERS,  HUSH  J.  WHITE, 

H.  A.  GUESS,  WILLIAM  WRAITH. 


8.  E.  BRETHERTON, 
OBLA8IO  GAETANl, 
W.  McA.  JOHNSON, 


.  WHEELER. 


L.  LYON, 
A.  L.  QUENBAU, 
C,  B.  81BBENTHAI., 


MUceUanams  Metals 

CHARLES  H.  FULTON.  Chairman. 
DAVID  H.  BROWNE,  GEORGE  A,  PACKARD, 

SIEGFRIED  FISCHER,  WALTER  M.  BTEIN. 

FRANK  L.  HESS,  JOSEPH  BTRUTHERS, 

ROBERT  M.  KEENEY,  WILLIS  R.  WHITNEY. 


JOHN  W.  FINCH.  Via-CtLOi, 

L.  C.  GRATON,  SnrHarv. 
RALPH  ARNOLD, 
H.  FOSTER  BAIN. 
JOHN  M.  BOUT  WELL, 
H.  A.  BUEHLER. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON, 
HENRY  LANDES, 


Mining  Geology 

JAMES  F.  KEMP.  CAoi™ 


Oeolocical  h 
ALFRED  C.  LANE, 
CHARLES  K.  LEITH, 
R.  V.  NORRIS, 
EZEQUIEL  ORDONEZ. 
WILLIAM  B.  PHILLIPS, 
JOSEPH  H.  PRATT, 
HEINRICH  RIES, 


leum.  Cambridge.  Mbh. 
RENO  H.  SALES, 
WILLIAM  a.  SHARP, 
CHARLES  H.  SMYTH,  Ja,. 
HENRY  L.  SMYTH, 
JOSIAH  E.  8PURR, 
M.  B.  WADSWORTH. 


Mining  and  Milling  Method* 


II.  C.  HOOVER,  Vicr-Chai 


DAVID  W.  BRUNTON.  CAoirmon 


F.  W.  DENTON.  ViefCknirt 


Mining 

ROBERT  M.  CATLIN,  CAairnor 

J.  F.  McClelland,  SFcrtUrv,  Dnnet  C,  Ysle  Static 

TRUMAN  H.  ALDRICH.  Jr.      JOHN 


R.  B.  BRINSMADE, 
DOUGLAS  BUNTING, 
LOUIS  8,  GATES, 
CHARLES  CATLETT, 
J.  PARKE  CHANNING, 
F.  W,  DENTON, 
STANLEY  A.  EASTON. 
JAMES  R.  PINLAY, 
R.  C.  OEMMELL, 


THOMAS  J.  GRIER. 

JOSEPH  A.  HOLMES,  . 
WILLIAM  L  HONNOLD, 
JAMES  E.  JOPLING, 
ROBERT  A.  KINZIE, 
THOMAS  H.  LEGGETT. 
HENRY  LOUIS, 
JAMES  MacNAUGHTON, 
SEELEY  W.  MUDD, 


W.  J.  OLCOTT, 

JAMES  B.  RISQUE. 

MILNOR  ROBERTS. 

OSCAR  ROHN. 

W.  L.  SAUNDERS, 

H.  L.  SMYTH, 

B.  W.  VALLAT, 

SAMUEL  D.  WARRINER, 

QEORGB  WEIR, 

DWIGHT  E.  WOODBRIDGE„ 
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otTe 


_.  RICHARDS.  C&aii 

CHARLES  E.  LOCKE,  StcrtUmi,  Man.  Institi 
BAKDWELL,  H.  A.  GUESS, 

H.  C.  HOOVER, 

HENRY  KRUMB, 
FREDERICK  LAI8T, 
C.  B.  LAKENAN, 


[.  K.  BURCH, 


CHARLES  BUYtERS, 
GELASIO  CAETANI, 
J.  M.  CALLOW, 
CHARLES  A.  CHASE, 
DAVID  COLE, 
S.  B.  CHRISTY, 
J.  V.  N.  DORR, 
A.  8.  DWIGHT, 


■.  P.  LASS, 


fltanolocy.  Boston,  Mu. 
JOHN  B.  PORTER, 
M.  K.  RODGERS. 
L.  G,  ROWAND, 
"".  B.  STEARNS, 


,.  E.  WIOGIN, 


8.  W,  BEYER. 


_    ...  PARKER,  Fi 

_ H.  J.  SEAMAN.  Vict-Chairm. 

CHARLES  P.  BGRKEY,  Sicrttarti.  Columbis  UniTsrnty,  New  York,  N.  Y. 

F.  C,  HOOPER,  ■    "    "-^ 

C.  COLCOCK  JONES 


F.  R.  HEWITT, 


J.  K.  McLANAHAN.  is.. 
C.  a.  MEMMINQER, 
BENJAMIN  L.  MILLER. 
WILLET  G.  MILLER. 


J.  D.  PENNOCK. 
~'.  C,  PHALEN. 
■    1.  PHUJ,1P8, 


J.  H.  PRATT. 


Coai  and  Coke 

_.  -J.  CHANCE,  Chairman. 
D.  WARRINER,  VicfrCAoinmm,  SAMUEL  A.  TAYLOR,  Via 

„„n„i. „  „    ^,    ^pHYTE.  Viee-Cliain 


FREokRlCK  V 


ELI  T.  CONNER.  Scertlaru,  131S  Stapl 
FRANKLIN  BACHE,  GEORGE  W.  EVAho, 

SAMUEL  W.  BEYER,  HENRY  8.  FLEMING, 

WILLIAM  H.  BLAUVELT,         FRANK  HAAS, 
FRED  M.  CHASE,  FRANK  A.  HILL, 

THOMAS  H.  CLAGBTT,  CHARLES  F.  HUBER, 

CLARENCE  R.  CLAGHORN.  ALBERT  B.  JESSUP. 

EDWAKD  H,  COXE,  ™.".™ 

JAMES  8.  CUNNINGHAM, 
FRANK  W.  DiWOLF, 
A    W.  DICKINSON. 
HOWARD  BAVBN80N, 
CHARLES  ENZIAN, 


E.  KREB3, 

EDWIN  LUDLOW, 


31<Ib.,  PbilsdelphU,  Pn. 
THOMAS  H.  O'BRIEN, 
WILLIAM  N.  PAGE, 
FLOYD  W.  PARSONS. 
EDWARD  W.  PARKER. 
EDGAR  P.  PETTEBONE, 
ERKSINE  RAMSAY, 
GEORGE  8.  RICE, 
W.  J.  RICHARDS, 
CARL  SCHOLZ. 
HARRY  H.  8T0EK. 
MORRIS  WILLIAMS. 


Mining  Laio 

HORACE  V.  WINCHELL,  Chairr 

CORNELIUS  F.  KBLLEY,  Vict-Chairman.  CURTIS  I 

JOHN  W.  FINCH.  S^crdaru,  730  Symas  Blda., 

ALBERT  BURCH,  FREDERICK  T,  GREENE, 

J.  MURRAY  CLARK,  "     

wnx  L.  CLARK, 

C.  LORIMER  COLBURN, 

COURTENAY  DiKALB, 


JOSEPH  A.  HOLMES, 


.  LINDLEY,  Via-Chaiii 
Denvsr,  Colo. 
WILLIAM  SCALLON, 


CHARLES  W.  GOODALE, 


EDWIN  0. , 

EDWARD  B.  KIRBV, 
MARK  L,  REQUA, 
GEORGE  W.  RITER, 


PelToleam  and  Gat 


WILLIAM  N.  BEST,  Yica-CkairT 


ANTHONY  F.  LUCAS,  Chairm 


DAVID  T.  DAY,  Vi«-C*oirm<i 


lir'man.  MARK  L.'rEQIJA,  Vire-Chai 

},  Stcritaru.  A9  Wall  St.,  New  York,  N.  Y. 


C^_  WILL  ARD^H  A  Y  ES, 

eugeneJcoste," 

ezequiel  ordonez, 
The  Use  of  Eledriaiy  in  Mi 

WILLIAM  KELLY,  CAairmoi 

O.  BLACKWELL,     JOHN  LANGTON, 

HARLEB  W.  QOODALE,         FREDERICK  W.  O'NEIL, 
MAX  HEBGEN, 

Safety  and  Sanilalion 
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Biographical  NotTce  of  Louis  Janin 

BY    B.    W.    BAYHOND,    NEW   YORK,    N.    Y, 
(Salt  Laka  Meatiog,  Auiiut,  I9I4) 

The  death  of  Loub  Janin,  which  took  place  Mar.  6,  1914,  at  Santa 
Barbara,  terminated  the  earthly  career  of  almost  the  last  survivor,  and 


Louis  Janin 

one  of  the  most  illustrious  members,  of  that  group  of  American  minii^ 
engineers  and  metallut^ists  who,  in  the  last  quarter  of  the  nineteenth 
century,  directed  the  development  of  the  mineral  resources  of  the  Pacific 
slope. 

Louis  Janin  was  born  in  1836  at  New  Orleans.  His  grandfather,  an 
officer  in  the  French  army,  had  emigrated  to  this  country,  with  his  famOy, 
at  or  before  the  outbreak  of  the  French  revolution.    His  father  became  an 
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eminetit  member  of  the  New  Orleans  bar.  He  was  the  eldest  of  six  sons, 
two  of  whom  (Henry  and  Alexis)  became,  like  him,  mining  engineers  and 
metallurgists.' 

Of  the  other  three,  one,  as  I  am  informed,  entered  the  Confederate 
army  durit^  the  War  for  the  Union,  and  died  in  battle;  another,  following 
his  father's  profession,  achieved  distinction  as  a  lawyer  in  Washii^:ton, 
D.  C.  The  third,  Albert,  the  only  survivor,  b  aaid  to  be  now  the  manager 
of  the  Mammoth  Cave  property  in  Kentucky. 

As  I  have  explained  more  full^  in  my  Bic^aphical  Notice  of  his 
brother,  Henry  Janin,  their  father  was  professiont^ly  eng^ed  in  the  liti- 
gation (preceding  the  enactment  of  any  U.  S.  laws  governing  mining  titles 
on  the  Pacific  slope)  over  the  New  Almaden  quicksilver  mines  of  Cali- 
fornia, and  had  thus  become  acquainted,  on  better  authority  than  that 
of  general  rumor,  with  the  immense  immediate  and  prospective  mineral 
wealth  of  the  American  West.  No  doubt  he  foresaw  the  opportunities 
of  profit  and  honor  which  the  development  of  this  wealth  would  offer  to 
trained  experts;  and  this  explains,  in  my  jut^ment,  the  sudden  chaise  in 
his  plans  for  the  eldest  two  of  his  sons,  Louis  and  Henry  (only  two  years 
apart  In  age),  who,  in  1856,  after  completing  their  Sophomore  year  at 
Yale  University,  sailed  for  Europe,  and  entered  in  October,  1857,  the 
Mining  Academy  of  Freiberg,  Saxony,  where  they  studied  for  three 
years.  That  was,  perhaps,  the  period  of  Freiberg's  greatest  glory- 
not  because  the  Academy  had  not  had  before,  or  has  not  had  since,  good 
reason  to  boast  of  great  leaders  and  teachers;  but  because  the  fame  of  that 
group  of  men,  as  scientific  investigators,  technical  authors,  skillful  and 
thorough  instructors,  and  sympathetic,  influential  critics  and  guides 
of  practice,  was  world-wide  and  well-nigh  unrivaled.  The  mere  enumera- 
tion of  the  names  of  Weisbach,  Breithaupt,  Cotta,  Gaetschmann,  Scheerer 
and  Pritsche — not  to  specify  others  of  that  splendid  corps,  who  worthily 
took  their  places  afterwards — is  enough  to  explain  the  pre-eminence  which 
Freiberg  then  enjoyed. 

The  Janins  utilized  thoroughly  the  benefits  of  such  instruction,  be- 
coming in  particular  intimate  associates  of  the  genial  and  brilliant  Cotta, 
with  whom,  after  finishing  their  course  at  Freiberg,  they  took  a  long  pro- 
fessional trip  through  Bohemia  and  Hungary,  of  which  Cotta  subse- 
quently published  a  highly  interesting  account.  It  was  when  they  re- 
turned from  this  journey  for  a  farewell  visit  at  Freiberg,  in  October,  1860, 
that  I  formed  with  them  the  acquaintance  which  became  a  life-long 
friendship. 

After  a  brief  supplementary  course  at  the  Paris  £cole  des  Mines,  the 

two  brothers  sailed  for  America  in  1861.     As  I  have  said  already,  one  of 

their  younger  brothers  entered  the  Confederate  army.     But,  so  far  as  I 

can  now  recall,  neither  of  them  passionately  took  part  in  the  conSict 

'  See  my  obituary  notioe  of  Hemy  J&iun,  BuUetin  No.  53,  May,  1911,  p.  xsriii. 
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of  opiDion  which  preceded  the  conflict  of  arma.  No  doubt  they  sympa- 
thized more  or  less  with  the  South;  but  they  had  been  abroad  durii^  the 
years  of  excitii^  controversy  which  had  developed  State  pride  in  the 
South  from  a  traditional  sentiment  into  a  fanatical,  belligerent  religion. 
Moreover,  they  were  not  particularly  interested  ia  the  State  of  Misai»- 
cippi,  or  the  cultivation  of  cotton  and  sugar,  or  the  institution  of  slavery, 
intimately  connected  therewith.  Their  thoughts  had  long  been  turned 
to  the  new,  wide,  free  re^on  further  West,  for  the  service  of  which  they 
had  been  preparing  themselves  by  years  of  study  and  travel.  Ia  fact, 
they  were  already  enlisted  for  that  war  which  went  on  pari  passu  with 
the  War  for  the  Union,  and  was  waged  by  an  army  of  prospectors  and 
miners,  for  the  physical  conquest  of  a  new  Empire,  while  other  hosts  were 
battling  to  determine  its  political  destiny.  It  is  not  surprising,  there- 
fore,  that  the  two  brothers  soon  found  their  way  to  the  Pacific  slope, 
and  into  active  practice  as  mining  engineers.  One  of  Louis  Janin's 
earliest  experiences  was  an  encounter  with  Apache  indians,  who  attacked 
in  Arizona  the  exploring  party  of  Col.  Butterworth,  of  which  Janin  was  a 
member.  The  story  is  told  by  J.  Rpsa  Browne  in  Harpers'  Magazifie, 
vol.  XXX  (1864-65),  p.  287  ff.,  and  in  a  book  by  the  same  author,  entitled 
AdverUvres  in  the  Apache  Country.  It  shows  young  Janin  to  have  behaved 
with  cool  and  intelligent  courage. 

After,  a  brief  engagement  as  Superintendent  of  the  Enriquita  quick- 
silver mine  in  the  Coast  Range  of  California — a  position  in  which'  his 
brother  Henry  was  first  his  assistant  and  afterward  his  successor — ^Louis 
seems  to  have  turned  his  attention  to  the  mining  and  metallurgy  of  silver 
ores,  for  which  his  studies  abroad  had  specially  prepared  him.  The 
pressing  problems  which  called  at  that  time  for  the  aid  of  trained  ex- 
perts were  centered  around  the  Comstock  lode,  the  rich  bonanzas  of  which 
where  extracted  with  difficulty  and  reduced  at  enormous  loss.  Such 
superintendents  as  Deidesheimer  invented  methods  of  mining  suited  to 
local  conditions;  but  the  treatment  of  the  peculiar  auriferous  silver  ores 
of  the  Comstock  mines  required  long  and  patient  experiment,  the  history 
of  which  has  been  well  told  by  A.  D.  Hodges,  Jr.,  in  liis  paper,  "Amalga- 
mation at  the  Comstock  Lode,  Nevada,"  etc.  (Trans.,  xix,  1890,  p.  195), 
and  in  an  article  in  the  Mining  artd  Sdenlific  Press  of  San  Francisco, 
May  21,  1910. 

I  shall  do  no  more  than  briefly  indicate  the  nature  and  value  of  the 
services  of  the  Janins,  and  particularly  of  Louis  Janin,  to  the  metallurgy 
of  the  Comstock  and  other  Pacific  districts,  not  only  by  their  laborious 
investigations  and  ingenious  inventions,  but  also  by  their  unremitting 
attention  to  details  and  discipline  in  practice,  whiph  diminished  the 
leakages  and  losses,  even  of  imperfect  processes. 

Already  in  1863,  according  to  Mr.  Hodges,  Louis  Janin  was  metal- 
lurgist of  the  "Mexican"  mill,  at  Empire  City,  Nev.,  where  the  auriferous 
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silver  sulphides  of  the  Mexiaan  mine  on  the  ComBtock  lode  were  treated. 
Some  three  years  before,  the  Washoe  process  of  pan-amalgamatioD  had 
been  introduced  by  Almarin  B.  Paul,  a  mill  manager  of  genius  and  ex- 
perience, who  combined  in  this  method  the  principles  of  the  Mexican 
patio  process  with  the  use  of  pans,  such  as  he  had  used  in  the  gold  mills 
of  California.  Operated  with  regard  chiefly  to  mechanical  capacity  for 
speed,  endurance,  and  lat^e  production,  the  Washoe  process  showed 
magnificent  mills  and  machinery,  and  yielded  large  dividends  of  profit 
from  the  simple  sulphides  of  the  richest  ores.  But  a  large  proportion, 
even  of  this  material,  was  lost  as  "slimes,"  being  ground  to  ciystalliae 
powder,  the  form  and  fineness  of  which  caused  it  to  float  away,  escaping 
the  pan-amalgamation.  To  some  extent,  this  loss  of  slimes  was  due  to 
a  chemical  cause,  namely,  the  presence,  even  in  the  rich  ores,  of  multiple 
sulphides,  which  were  not  easily  and  quickly  decomposed  under  the  rude 
and  rapid  pan-grinding  so  as  to  yield  amalgamable  metal.  An  additional, 
and  perhaps,  in  the  aggregate,  a  larger  loss  was  incurred  in  the  sands  or 
tailings  from  leaner  ores,  the  valuable  portion  of  which,  enveloped  in  or 
adherent  to  particles  of  siliceous  gangue,  did  not  float,  like  the  slimes, 
but,  escaping  the  pan-amalgamation,  whether  for  mechanical  or  for 
chemical  reasons,  flowed  away  into  the  tail-race.  And  finally,  the  tdl- 
race  received  also  many  particles  of  amalgam  already  formed,  but  not 
aggregated  so  as  to  be  successfully  collected  in  the  ordinary  settling 
apparatus.  These  various  sources  of  loss  were  not  unknown,  or  totally  dis- 
regarded; but  the  abundance  of  profits  and  the  pressure  for  dividends  re- 
quired the  exhaustive  efforts  of  mine  and  mill  managers,  and  little  was 
done  to  determine  or  remedy  current  leeJc^es,  beyond  the  impounding 
of  tailings  and  (so  far  as  possible)  of  slimes,  in  yards  and  reservoirs.  One 
further  cause  of  this  n^lect  was  the  lack  of  complete  frankness  and  co- 
operation between  the  mines  and  the  mills.  Even  when  the  same  com- 
pany owned  both  mine  and  mill,  the  latter  might  receive  also  "custom" 
ore  for  treatment;  and  it  was  not  regarded  as  good  policy  to  let  customers 
know  extictly  what  the  mill  extracted.  The  delivery  of  a  cert^n  per- 
centage of  the  sample-assay  value  (and  a  pretty  low  percentage,  too, 
it  used  to  be  I)  settled  the  transaction.  Of  course,  when  the  mills 
afterwards  became  the  property  of  a  separate  set  of  owners,  the  betrayal 
of  their  economic  efficiency  was  still  less  desirable.  And  what  is  not  to 
be  told  to  certain  other  persons  had  better  not  be  known  to  anybody. 
At  all  event?,  Mr.  Hodges  says  that  in  his  active  experience  in  Nevada, 
he  knew  of  only  two  silver  mills  In  that  State,  treating  Mlver  ores  without 
roasting,  which  checked  their  own  work  so  as  to  know  exactly  what  they 
were  d(Hng. 

This  was  the  situation  in  1863,  when  Janin  was  at  the  Mexican  miU, 
where  (upon  his  initiative,  as  I  naturally  presume)  the  "Freiberg"  system 
of  amalgamation  in  revolving  barrels,  instead  of  pans,  was  tried,  first 
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upon  raw  tailings,  with  only  partial  success,  and  afterward  upon  dried  and 
roasted  tailings,  with  better  reaulta.  The  latter  practice  became  known 
afterward  aa  the  Freiberg  process,  and  was  widely  practised,  for  awhile, 
on  the  Pacific  slope  in  the  treatment  of  "refractory"  ores  {i.e.,  multiple 
sulphides,  antimonides,  arsenides,  etc.);  the  tEouble  of  drying  the  pulp 
being  avoided  by  dry  crushing  in  the  mill.  But  the  expense  of  roasting, 
added  to  the  extra  cost  of  dry  crushii^,  proved  fatal  in  the  end  to  the 
Freiberg  process;  and,  thoi^h  it  died  hard,  it  died.  Janin  realized  its 
economical  weakness;  and  when,  in  1864,  the  technical  ability  he  had 
shown  at  the  Mexican  mill  led  to  his  appointment  as  Superintendent  of 
the  Gould  &  Curry  Co.,  he  gave  bis  attention  at  once  to  the  devising  of  a 
practicable  humid  process  which  would  secure  the  chemical  effects  of 
roaating  without  involving  that  fatally  expensive  feature. 

With  what  indomitable  course,  patience  and  skill  be  prosecuted  this 
inquiry,  first  for  the  Gould  4  Curry  Co.,  and  afterward,  with  greater 
freedom  and  darir^,  in  a  mill  of  his  own,  with  no  Board  of  Directors  to 
prohibit  experiments  and  demand  dividends;  how  he  attained  technical 
success,  only  to  see  his  commercial  reward  swept  away  by  a  flood  which 
carried  off  the  richer  half  of  the  100,000  tonsof  tailings  andslimes  in  which 
he  had  invested  his  capital;  how  he  bravely  overcame  this  disaster,  and 
establbhed,  with  his  brothers,  Henry  and  Alexis,  a  large  and  profitable 
business  in  the  treatment  of  tailings  and  slimes  by  a  modified  Washoe 
process,  without  roasting,  and  by  the  intelligent  use  of  well-known 
cbemibal  reagents  in  the  pan;  how  this  process,  not  beii^  patentable 
(since  mere  genius  and  industry  and  patience,  however  unusual',  are  not 
l^ally  new),  was  copied  by  others,  at  least  so  far  as  to  make  mining  com- 
panies refuse  to  sell  their  tailii^s  and  slimes,  so  that  the  Janins  were  at 
last  driven  out  of  business — all  this  is  told  in  detail  by  Mr.  Hodges,  in 
the  Institute  paper  already  cited.  And  I  might  add  to  his  story  an  ad- 
ditional chapter,  telling  how  the  establishment  of  railroad  connections  and 
the  establishment  of  great  smelting  plants,  where  varied  materials  from 
many  regions  could  be  advantageously  collected  and  mbced  for  economical 
reduction,  has  revolutionized  many  metallurgical  situations  of  50  years 
ago,  and,  in  many  cases,  solved  by  simply  erasing  the  problems  over  which 
the  pioneers  of  American  metallui^y  spent  their  lives  and  broke  their 
hearts.*  But  no  such  subsequent  obliteration  of  immediate  results  should 
be  permitted  to  obscure  our  grateful  recc^nition  of  the  work  of  those  men 
who  were  the  leaders  of  their  generation. 

I  believe  that,  after  leaving  Nevada,  Louis  Janin  was  for  some  years 
manager  of  mines  in  Mexico;  and  I  know  that,  somewhere  in  the  'TO's, 
he  was  employed  for  a  year  by  the  Japanese  government,  to  make  plan? 
concerning  the  operation  of  certain  gold  and  silver  mmes  in  Japan. 

*  See,  in  this  connection,  my  Biographical  Notice  of  Heniy  Janin,  BuUeUn  No.  S3, 
May,  1911,  p.  xxviii. 
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That  was  the  period  of  Japanese  progress  when  the  two  parties  were  so 
evenly  bfdanced  that  the  party  of  progress  was  strong  enoi^h  to  in- 
augurate new  enterprises,  and  its  opponents  were  strong  enoi^h  to  hinder 
their  prosecution.  I  have  often  thought  that  this  circumstance  Kq)luns 
the  erroneous  notion,  entartained  in  those  days  by  many  of  us,  that  the 
Japaaeee  were  shallow  and  fickle.  I  remember  Janin's  humorous  ac- 
count of  his  experience  among  them — ^with  what  overwhelming  courtesy, 
amounting  to  reverence,  he  was  treated;  how  promptiy  his  handsome 
salary  was  p^d  in  gold;  how  freely  all  facilities  for  his  work  were  provided; 
with  what  effusive  gratitude  and  compliment  his  report  and  plana  were 
received — and  how  absolutely  nothing  happened  afterward,  until, 
ashamed  of  drawing  pay  while  doing  nothing,  he  resigned  and  came 
home.  Other  American  engineers  had,  in  those  days,  a  similar  experience- 
After  his  return  from  Japan,  Mr.  Janin  enjoyed  for  many  years  an 
extensive  practice  as  consulting  engineer  and  expert,  especially  in  con- 
nection with  mining  lawsuits  involving  questions  of  economic  geolog>'. 
Being  not  only  a  practitioner  of  long  and  varied  training,  but  also  a 
constant  student  and  critic  of  technical  literature,  and  characterized  br 
imperturbable  good  nature  and  self-control,  he  was  one  of  those  expert 
witnesses  whom  wise  croas-examinera  handle  with  courtesy  and  caution. 
As  an  adviser,  his  clients  found  him  upright,  loyal  and  vigilant.  His 
versatility,  wit  and  comprehensive  culture  made  him  a  fascinating  com- 
panion in  the  old  Union  (later  the  PaciSc-Union)  Club  of  San  Francisco, 
which  was  for  many  years  his  business  address;  and  his  generous' help- 
fulness to  youi^er  mining  engineers  made  a  host  of  them  his  grateful 
debtors. 

A  little  more  than  20  years  ago,  Mr.  Janin  established  his  residence 
on  a  ranch  at  Gaviota,  near  the  Mission  of  Santa  Ynes,  in  southern  Cali- 
fornia, where  he  lived  with  his  family,  ^cept  when  temporarily  called 
away  for  professional  work.  I  never  visited  him  there;  but  I  had  been 
repeatedly  a  guest  in  his  Nevada  home;  and  I  could  appreciate  the 
desolation  which  fell  upon  him  with  the  death  of  his  wife,  some  yeai^ 
ago.  Other  afiBictions  he  was  called,  in  later  days,  to  bear — iDcluding 
partial  blindness  and  physical  disability  of  other  kinds,  which  must  have 
made  life  a  burden  to  him.  Yet,  if  I  may  judge  from  his  occasiooal 
letters  to  me,  he  carried  that  burden  bravely  and  patiently  to  the  last, 
crowning  an  honorable  and  useful  life  with  a  serene  old  age  and  a 
victorious  death. 

Louis  Janin  joined  the  Institute  in  1872.  He  died  at  Santa  Barbara, 
Cal.,  Mar.  6,  1914,  of  heart  disease,  after  an  illness  of  about  ten  daj-s. 
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Introduction 
A  QREAT  DEAL  of  attention  has  recently  been  given  to  the  metallurgy 
of  sine,  and  mucti  of  that  which  has  been  said  and  written  on  this  subjef^ 
has  been  in  the  nature  of  a  criticism.  For  instance,  we  are  quite  accus- 
tomed to  hearing  it  said  that  the  metallurgy  of  zinc  has  stood  still,  that  it  is 
antiquated,  out  of  date,  etc.  We  are,  however,  inclined  to  agree  with 
George  C.  Stone^  when  he  aay«  that,  although  there  have  been  no  such 
spectacular  and  radical  changes  as  were  worked  in  the  metallurgy  of 
copper  and  iron  by  the  introduction  of  converters,  there  has  nevertheless 
been  a  decided  and  marked  progress  in  the  metallui^  of  zinc,  and  es- 
pecially during  recent  years.  However,  it  must  be  admitted  that,  due 
to  the  fact  that  the  chemistry  of  zinc  is  so  different  from  that  of  the  other 
metals,  the  retort  process  is  the  only  process  by  which  zinc  is  produced 
commercially;  and,  moreover,  that  losses  which  occur  in  thezinc  industry — 
that  is,  in  the  mining,  milling,  and  smelting  of  zinc  ore — are  very  great, 
for  it  is  stated*  that  probably  less  than  50  per  cent,  of  the  zinc  mined,  even 

>  The  Metallurgy  of  Zinc.     A  Discussion.    BuUetin  No.  86,' Jan.,  1014,  p.  163. 
•.Pareona,  C.  L.:  Notes  on  Mineral  Wastes.     B'uUetin.   No.  47,  U.  S.  Bureau  of 
MiTtes  (1912). 
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in  those  mines  where  zinc  is  the  only  product,  reaches  the  form  of  spelter. 
Such  being  the  case,  the  question  naturally  arises,  why  do  we  have  this 
loss,  and  is  there  any  one  branch  of  the  industry  which  is  responsible  for 
more  than  its  share  of  this  loss  ?  It  is  for  this  reason  that  we  have  brought 
up  this  subject  at  this  time,  and  in  a  brief  manner  we  have  endeavored  to 
show  where  and  why  these  losses  occur  and  why  it  is  that  so  much  atten- 
tion, and  properly  so,  is  at  present  being  ^ven  to  the  matter  of  developing 
new  processes  which  will  be  suited  to  the  treatment  of  zinc  ores. 

The  Present  Soohces  of  Zinc 

The  zinc-reduction  plants  of  the  United  States  produced,  from  domes< 
tic  ores,  a  total  of  323,907  short  tons  of  spelter  in  1912.  The  ores  origi- 
nated in  19  States,  and  in  tonnage  ranged  from  62  tons  in  Virginia  to 
149,557  tons  in  Missouri. 

Table  I  shows  the  production  of  primary  spelter  in  short  tons,  also 
the  source  of  mine  production  and  kinds  of  ore,  in  short  tons,  in  1912: 

All  these  19  States  produced  zinc  ore  and  8  States  both  zinc  ore  and 
lead-ainc  ore. 

The  variety  of  these  ores  is  almost  limitless.  They  vary  in  zinc 
content  from  33.9  per  cent,  in  Texas  to  1.5  per  cent,  in  Missouri;  from 
a  clean-cut  sphalerite  in  a  limestone-chert  gangue  free  from  any  appre- 
ciable quantity  of  iron-lead  sulphides  to  an  admixture  of  zinc  carbonate 
and  silicate,  lead,  copper,  and  iron  minerab. 

Table  II,  compiled  from  statistics  for  1911,  shows,  for  each  Western 
zinc-producing  State,  wherever  possible,  the  number  of  zinc-producing 
mines,  the  tons  of  crude  ore  produced,  and  the  output  of  gold,  silver, 
copper,  lead,  and  zinc. 

The  zinc-producing  ores  of  the  United  States  are  of  many  kinds.  Of 
the  total  mine  production  of  zinc  in  1912,  a  quantity  corresponding  to 
88.4  per  cent,  was  derived  from  zinc  ore,  11  per  cent,  was  derived  from 
lead-zinc  ore,  and  0.6  per  cent,  was  recovered  from  all  other  ores. 

Zinc   Ores 

Excepting  Montana  and  Arizona  zinc  ores,  nearly  all  Western  zinc 
ores  produced  are  shipped  du-ect  to  the  zinc  smelters.  During  1912 
some  ore  was  shipped  from  Leadville  carrying  as  low  as  20  per  cent.  sine. 
The  zinc  ore  shipped  from  other  sections  of  the  West  carried  well  above 
25  per  cent.  zinc.  As  a  general  proposition  there  is  but  a  small  profit  to 
the  Western  shipper  of  zinc  ores  which  contain  less  than  30  per  cent.  zinc. 
Sulphide  and  carbonate  zinc  ores  are  shipped  direct  to  the  zinc  smelters, 
the  carbonate  ores  forming  the  larger  portion.  The  zinc  ores  of  Butte 
average  approximately  21.7  per  cent,  zinc'  with  a  saving  of  80  per  cent. 
'Annual  Report,  Butte  &  Superior  Cki.,  for  the  ye&r  ending  Dec.  31,  1912. 
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made  in  concentration.  The  Franklin  Furnace  region  of  New  Jersey 
is  the  principal  zinc-producing  region  of  the  Eaatern  part  of  United  States. 
This  ore  is  an  intimate  mixture  of  three  zinc  minerals,  franlclinite,  zincite 
and  willemite.  Virginia  and  Tennessee  produce  zinc  carbonate  and 
sulphide.  The  zinc  recovered  from  the  ores  of  the  Eastern  States  ranges 
from  108.4  lb.  in  Virginia  to  303.5  lb.  in  New  Jersey. 

For  the  most  part  the  zinc  ore  treated  in  the  Central  States  consists 
of  sulphide  ore.  The  metal  recovered  from  each  ton  of  ore  in  the  con- 
centrates ranges  from  38  lb.  in  Kansas  to  72  lb.  in  northern  Illinois. 

Lead-Zinc   Ores 

A  variety  of  ores  is  included  under  this  heading.  They  r^nge  from 
"dry"  ores  high  in  silver  with  low  lead  and  zinc  values  and  ores  with 
gradually  increasing  lead  and  zinc  values  to  the  complex  micro-cryatalline 
ores  found  in  a  number  of  camps  throughout  the  West,  a  good  example 
being  those  of  Rico,  Colo.  There  are  some  ores  in  the  West  of  this 
nature  that  are  shipped  either  to  lead  or  zinc  smelters,  depending  on 
the  gold  and  silver  values.  If  the  percentage  of  zinc  is  sufficiently  high, 
the  shipper  sacrifices  the  gold  and  silver  values,  but  on  the  other  hand, 
if  the  gold  and  silver  values  are  high  the  ore  is  sent  to  a  lead  or  copper 
smelter,  and  the  shipper  is  not  only  penalized  for  the  h^h  zinc  content 
of  the  ore,  but  the  zinc  itself  is  lost. 

About  11  per  cent,  of  the  zinc  production  of  the  United  States  is  re- 
covered from  lead-zinc  ore.  Except  for  small  amounts  produced  in  the 
Eastern  States  all  of  this  1 1  per  cent,  comes  from  the  Western  States, 
Colorado  and  Utah  producing  the  major  portion. 

The  only  zinc-bearing  siliceous  or  dry  ore  produced  which  is  worthy 
uf  note  is  in  Colorado.  The  zinc  from  these  ores  b  saved  in  concentrating 
mills  as  a  by-product. 

Fig.  1  shows  graphically  the  present  source  of  zinc  and  the  ores  which 
are  not  being  utilized. 

Loss  OF  Zinc  at  the  Mine 

The  losses  of  zinc  at  the  mine,  in  the  aggregate,  amount  to  a  large 
tonnage.  Ultimately  some  of  these  losses  can  be  recovered.  In  the  aver- 
age Western  lead  mine  zinc  generally  occurs  as  a  shell  in  the  stopes  from 
which  oxidized  ores  have  been  extracted.  In  most  mines  the  lateral 
extent  of  these  shells  is  unknown.  To  fill  these  stopes  with  waste  will, 
in  most  cases,  make  the  shells  an  absolute  loss.  As  mining  prepresses  the 
walls  of  all  stopes  should  be  sampled  at  regular  intervals  and  a  record 
kept  of  the  results.  What  is  too  lean  to  treat  to-day  may  net  a  profit  in 
the  near  future. 
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In  the  iDdiscriminate  dumping  of  low-grade  ore  aad  waste  on  the 
surface,  much  ziucky  material  is  lost.  In  the  development  of  many 
lead-silver  mines,  cooBiderable  tonnages  of  zinc-iron  or  sinc-iron-Ie&d 
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Fio.  I. — Present  Source  of  Zinc,  and  Ores  Not  Utilized. 


material,  which  are  micro-eryatalline  in  their  nature,  are  often  encountered 
in  the  mineralized  zone  adjoining  the  ore  or  mixed  throughout  same. 
Much  oxidized  zinc  ore  will  be  mined  above  the  water  level  in  many 
silver-lead  or  lead-zinc  properties  and  in  mines  producing  siliceous  ores. 
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There  is  a  vast  tonnage  of  zinc  tied  up  in  the  low-grade  zinc  ores  showing 
values  in  excess  of  95.     Of  this  value  the  major  portion  is  in  oxidized 
'    zinc. 

The  Present  Method  or  Extracting  Zinc  from  its  Ores 
As  previously  stated,  the  retort  process  is  the  only  process  in  com- 
mercial use  at  the  present  time  which  seems  to  meet  the  requirements 
of  the  chemistry  of  zinc;  namely,  the  requirements  imposed  by  the  fact 
that  the  metal  is  reduced  from  the  oxide  at  a  higher  temperature  than  is 
required  to  volatilize  the  metal,  and  for  that  reason  it  is  reduced  as  a  vapor, 
which  must  then  be  condensed  to  liquid  form.  Then,  too,  the  condensa- 
tion temperature  must  be  regulated  within  very  narrow  limits,  or  a  large 
part  of  the  zinc  vapor  will  condense  as  very  finely  divided  zinc  mixed 
with  oxide  (blue  powder).  Due  to  these  requirements,  tliat  is,  the 
proper  regulation  of  the  temperature  of  the  reduction  and  the  con- 
densation, the  retorts  in  which  the  process  is  conducted  must  of  necessity 
be  amall,  and  this  fact  in  turn  requires  the  use  of  small  charges,  and  for 
this  reason,  as  is  well  known,  the  zinc  smelters  can  only  treat  at  a  profit 
ores  which  contain  a  comparatively  high  percentage  of  zinc. 

Class  of  Ores  suited  to  Zinc  Retort  Smelting 

At  the  present  time  the  lower  limit  of  zinc  in  ores  or  mill  products 
suited  to  this  process  is  about  25  per  cent.  Therefore  the  ores  or  products 
suited  to  the  retort  process  of  zinc  smelting  may  be  obtained  from: 

(a)  Straight  zinc  ores; 

(6)  The  concentration  and  separation  of  zinc-lead  ores; 

Cc)  The  concentration  and  separation  of  mixed  and  complex  ores, 
containing  gold,  silver,  lead,  copper,  zinc,  etc. 

Concentration  Processes  Used  for  Treating  Zinc  Orbs 
As  the  ores  smelted  by  zinc  smelters  are  for  the  most  part  products  of 
concentration  processes,  we  will  first  conbider  a  few  of  these  which  are  in 
use  at  the  present  time,  in  order  that  we  may  have  a  better  understanding 
of  the  problem  which  presents  itself.  For  the  sake  of  convenience,  we 
will  consider  these  processes  in  the  following  order: 

1.  Hydro-mechanicaJ  processes; 

2.  Electro-mechanioal  processes; 

(a)  electromagnetic, 
(6)  electrostatic. 

3.  Flotation  processes. 

Hydro-Mechanical  Processes 
As  these  processes  are  well  known,  and  as  the  various  types  of  concen- 
trating machines  in  use  at  the  present  time  have  been  fully  described  in 
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the  literature  on  the  aubject,  it  is  not  necessary  to  more  than  state  that 
such  machines  are  generally  used,  so  far  as  zinc  ores  are  concerned,  for 
obtaining  a  concentrated  product  which  may  afterward  be  separated  into 
a  zinc  product  and  a  lead  product,  or  a  zinc  product  and  a  product  which 
may  contain  lead,  copper,  gold  and  silver,  and  which  is  sent  either  to  a 
lead  or  a  copper  blast  furnace. 

From  Tecknical  Paper  No.  41,  U.  S.  Bureau  of  Mines,  by  Clarence  A. 
Wright,  we  have'.the  following  interesting  data  showing  the  efficiency  of 
hydro-mechanical  concentration  processes  in  Joplin,  Mo.  These  ores 
require  the  simplest  form  of  hydro-mechanical  concentration. 

QuBAtity  of  ore  through  mill,  tons 309.70 

Quantity  of  rinc  conoentrates  produced,  tone 9.235 

Assay  of  line  concentrates,  per  cent.  Zn fi9 

Quantity  of  blende  (ZnS,  67  per  cent.  Zn).  in  concentrate,  tons 8.133 

Quantity  of  tailings,  tons 300.465 

Assay  of  tailings  from  mill  (0.96  per  cent.  Zn,),  per  cent,  of  ZnS 1.43 

Lobs  of  blende  (ZnS)  in  tilings,  tons 4.29C 

Total  quantity  of  blende  (ZnS)  in  ore  through  mill,  tons 12.428 

Total  recovery  of  blende  through  mill,  per  cent ft5.43 

The  average  loaa,  therefore,  in  the  concentration  of  sine  ores  in  the  Joplin 
district  is  35  to  40  per  cent.     There  are  heavy  losses  in  smelting.    Total 

loss  readies  nearly 50  per  cent. 

Electro-Mechanical  Processes 

(a)  Magnetic  Separators. — Although  there  are  many  types  of  separa- 
tors of  this  class,  a  magnetic  separator  ia  general  consists  of  a  set  of  mag- 
nets 80  arranged  that  when  paramagnetic  or  weakly  magnetic  minerals 
are  brought  into  the  magnetic  field  they  are  influenced  in  such  a  manner 
as  to  effect  the  desired  reparation.  For  example,  if  a  mixed  sulphide  be 
crubhed  to  the  required  degree  of  fineness  and  then  passed  over  a  wet- 
concentrating  table  which  will  separate  it  into  a  galena-pyrite  product 
and  a  pyrite-blende  product  and  the  latter  product  then  be  passed  over  a 
magnetic  concentrator,  such  asthe  Wetherill,  two  products  are  obtained. 
The  first,  a  blende  product,  assaying  about  50  per  cent,  ainc,  10  to  12  per 
cent,  iron,  and  1  per  cent,  lead,  is  sold  to  the  zinc  smelters;  the  second,  a 
pyrite  product,  containing  some  lead  and  about  5  to  7  per  cent.  zinc. 
which  is  mixed  with  the  galena-pyrite  heads  from  the  Wilfley  tables,  issold 
to  the  lead  smelters,  for  whom  it  is  a  desirable  ore.  In  smelting  this  ore 
in  the  lead  blast  furnace,  the  zinc  is  lost  in  the  slag  and  fume. 

(b)  Electrostatic  Separators.— Separators  of  this  class  are  based  upon 
the  fact  that  while  most  gangue  minerals  and  certain  of  the  sulphides,  such 
as  blende,  are  relatively  poor  conductors  of  electricity,  many  metallic 
sulphides  and  other  minerals  are  good  conductors,  and  likewise  upon  the 
fact  that  the  bodies,  charged  alike  electrically,  repel  one  another,  whik* 
if  charged  oppositely  they  attract  each  other.  Thus,  as  pointed  out  by 
Richards-.* 

•Richards,  Robot  H. :  Ore  DreMiny,  vol.  iit,  p.  154S  (1909). 
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"If  ft  mixture  of  good  and  poor  conductore,  in  a  neutral  state,  be  dropped  upon  a 
highly  charged  conducting  surface,  the  good  conductors  immediately  receive  a 
charge  similar  to  that  of  the  surface  and  are  repelled,  while  the  poor  condactora  are 
much  more  Loath  to  receive  the  charge  and  therefore  not  so  readily  repelled.  If,  how- 
ever, a  material  charged  to  a  high  potential  of  the  opposite  sign  be  fed  to  the  above- 
mentioned  surface,  the  good  conductors,  as  before,  assume  immediately  the  condition 
of  the  charged  surface  and  are  repelled,  while  the  very  poor  conductors,  carrying  a 
charge  opposite  to  that  which  the  surface  carries,  by  the  above  law,  tend  to  cling  to  that 
surface,  thus  making  a  sharper  division  of  the  aeparation.  Theoretically  the  separa- 
tion of  two  minerals  does  not  require  that  one  of  them  be  a  very  good  conductor  and 
the  other  a  very  poor  conductor,  but  merely  that  there  be  a  difference  in  the  degree  to 
which  they  will  conduct  electricity.    Comroerciallyj  of  course,,  there  are  limits  to  this." 

An  example  of  the  working  of  such  a  separator  is  the  work  done  at 
Midvate,  Utah,  near  Salt  Lake  City,  at  the  plant  of  the  United  States 
Smelting,  Refining  &  Mining  Co.  This  plant  has  been  in  operation  since 
1909,  and  it  is  stated'  that  from  5,000,000  to  7,000,000  lb.  of  zinc  per  year 
is  saved  which  heretofore  had  gone  to  waste.  At  this  plant  zinc-iron  mid- 
dlings, partly  furnished  by  the  company's  concentrator,  partly  from 
custom  ore  from  the  district,  are  passed  over  a  Huff  separator.  Mac- 
Gregor  states  that  the  "feed"  to  the  mill  assays  approximately  0.04  oz. 
gold,  2.5  oz.  silver,  2.5  per  cent,  lead,  1  per  cent,  copper,  23  per  cent,  iron, 
28  per  cent,  zinc,  and  the  separated  zinc  product  assays  48  to  50  per  cent, 
zinc  with  3  to  5  per  cent,  iron,  and  the  iron  product  10  per  cent.  zinc. 
Most  of  the  gold,  silver,  copper  and  lead  is  found  in  the  iron  product, 
and  this  product  is  smelted  in  the  company's  lead  furnaces. 

In  this  connection  it  is  to  be  noted  that  the  iron  product  contained 
about  10  per  cent.  zinc.  The  assayson  other  products  given  by  MacGregor 
show  the  same  thing;  that  is,  that  in  the  "iron  product  of  the  copper 
product,"  or  whatever  name  is  given  to  the  product  which  goes  to  the 
blast  furnace  and  from  which  the  greater  part  of  the  zinc  has  been  separ 
rated,  there  is  still  anywhere  from  8  to  12  per  cent,  zinc,  and,  as  previously 
stated,  the  zinc  in  this  product  is  not  recovered. 

Flotation  Proces&ea 

The  flotation  process  has  been  briefly  described  as  follows :  A  mixture 
of  ore,  oil,  and  water  is  agitated  by  a  rotary  stir;  the  valuable  metalli- 
ferous part  of  the  ore,  through  an  affinity  of  the  oil  for  the  sulphides,  will 
float  when  assisted  by  the  air  included  by  agitation,  while  the  worthless 
gangue  will  sink. 

Based  on  this  principle,  a  selective  flotation  process  known  as  Hor- 
wood's  process  has  been  devised.     It  is  stated  by  the  Australian  Mining 

•  MacGregor,  Frank  8. :  Pr<^resH  in  Electrostatic  Ore  Dressing,  Tramaclions  of  Ike 
AmfTican  Bleiirochemiad  Sodely,  vol.  xriv,  p.  352  (1913). 
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:ul  establishment  of  this  proc- 
was  one  of  the  metallurgical 

of  mixed  lead-iinc  conceatratee 
&re  slightly  sulphatized  while  the 
net  the  zinc  alone  floats  and  the 

r  has  been  ia  operation  for  over 
ae  concentrates.  The  slimes  are 
Balt«,  then  lightly  roasted  in  an 
notation.    Typical  actual  results 


Zinc,  Lead,            Silver, 

ir  cent.  Per  cent.  Oi.  per  Ton 

40.4  14.6              21.4 

48.7  5.2              11.6 

10.2  44.2              54.6" 

nd  electromagnetic  processes, 
,ce  contains  about  10  per  cent. 

ed,  we  find  that  in  every  case 
ir  blast  furnace  does  not  con- 
lown  in  Table  III. 

liAST-FnRNACE  SUELTINO 

methods  which  are  used  for 
be  understood  as  criticising 
led,  as  they  do  the  work  for 
e  gold-silver-lead-copper-zinc 
1  shall  contain  enough  zinc  to 
ic  smelter,  and  the  other,  no 
torily  treated  in  a  copper  or 
b  furnaces,  if  the  sine  content 
plater  than  10  per  cent.,  it 
The  loss  of  this  amount  of 
le  amount  of  zinc  lost  in  this 
illustrate  the  same, 
mt.  of  zinc,  we  separate  this 
,  say,  50  per  cent,  zinc,  while 
,  copper,  and  lead,  and  about 
>riginal  product  of  50  tons  we 
ion  the  per  cent,  of  iron  pres- 

i,  No.  5,  p,  350  (May,  1914). 
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T<J>le  III- — Recovery  of  Zinc  by  Various  ConcentrcUion  Proceaaea 


Per  cent. 
Zmc  in 
Zinc 
Con- 
centrate 

Per  cent. 
Zinc  in 
Product 

going  to 
Blast 

Furnaca 

Per  cent.  Recovered 

Process 

Zn      1    Pb 

Ag 

Bern. 

95.0 
92,0 

90.0 

75-80 
78.0 

85.0 

Daly  Judge,  Park  City.Utah 

60. 0 

2S.0 
65.43 

Bufiaio  Hump  Mining  Co., 
Burke,  Idaho 

•Wetherill-Magnetic 

60.0 
48-50 
41.3 
49.3 

5-7 
10. 0 
12.6 
8.6 

66.2 

38.  B 

50.9 

48.1 
48.4 
49.2 

11,7 
14.2 
16.6 
1.1  M 

■^De  Bsvay 19U 

86.4 

74.8 

80.1 

48.7             10.2 

Hyde  Process  at  Butte  and 

88.1 
86.4 

62.6 

83.4 
80.0 

For 

i 

■  Magnetic  Separation  of  Zinc  Blende  at  Denver,  Colo.  Bngintering  and  Min 
ing  Joumai,  vol.  Ixriv,  No.  7,  p.  217  (Aug,  16,  1902^ 

'  MacGregor,  Prank  S. :  ProgreBs  in  Electrostatic  Ore  Dressing.  Transactions 
of  tlie  American  EleciTochemical  Society,  vol.  xxiv,  p.  352  (1913). 

•Hoover,  T.  J.:     Concentrating  Ores  hy  Flotation,  p.  91  (London,  1912). 

*Idem,  p.  97. 

•Idtm,  p.  105. 

ent)  of  product  containing  50  per  cent,  zinc,  and  22  tons  containing  10 
per  cent.,  and  in  addition  moat  of  the  gold,  silver,  copper,  and  lead  con- 
tained in  the  original  product.  This  latter  product  goes  to  the  blaat  fur- 
nace and  ordinarily  the  zinc  content  is  not  saved,  but  is  lost  in  the  fume 
and  slag.  This  amount  of  zinc  therefore  represents  a  loss  of  almost 
1,500,000  lb.  a  year.  Moreover,  this  zinc  is  lost  for  all  time,  as  it  cannot 
be  recovered,  and  when  we  consider  that  this  is  lost  from  the  treatment  of 
only  50  tons  of  concentrates  per  day,  we  can  readily  understand,  aa  has 
been  shown  by  those  who  have  investigated  this  subject,  that  the  amount 
of  zinc  lost  in  this  way  amounts  in  the  aggregate  to  thousands  of  tons 
annually,  and,  as  has  been  pointed  out  by  Clevenger'  and  others,  in  the 
'  Uetollurincal  and  Cheimcal  Engineering,  vol.  lii,  No.  6,  p.  299  (May,  1914). 


.coy  Google 


1422  LOSSES  OF  ZINC  IK   MINING.  HILLING  AND  SMELTING 

inability  to  recover  this  zinc  iies  one  of  the  greatest  weaknesses  of  our 
present-day  raetallui^cal  practice,  in  that  the  zinc  so  lost  represents  a 
distinct  economic  waste,  much  of  which  will  never  be  recovered,  and  that 
we  must  look  to  the  prevention  of  this  waste  as  one  of  the  sources  from 
which  we  shall  in  the  future  obtain  a  large  portion  of  our  zinc  supply. 
The  same  thing  is  of  course  true  to  some  extent  of  lead,  for  in  copper 
smelting,  if  lead  is  present,  it  is  volatilized  and  no  attempt  is  made  to 
recover  it,  and  so  the  lead  is  completely  lost.  As  before  stated,  these 
facta  are  not  presented  with  the  idea  of  bringing  an  indictment  against 
electro-mechanical  methods  of  concentration,  or  against  modem  methods 
of  copper  and  lead  smelting,  but  rather  to  emphasize  the  fact  that  al- 
though mechanical  methods  of  concentration  and  modern  methods  of 
smelting  have  reached  a  very  high  stage  of  development,  their  use  never- 
theless entails  a  very  great  loss  of  zinc,  which  is  not  recoverable,  and  that 
therefore  it  is  quite  likely  that  in  the  future  it  will  be  necessary  to  stop 
these  wastes  in  order  to  add  to  the  available  supply  of  zinc. 

POSSIBLB   FUTOBB   SOURCES   OP   ZiNC    SdPPLY 

A  study  of  the  data  as  given  in  the  preceding  tables,  etc.,  brings  out 
two  points  very  clearly;  namely,  that  only  straight  and  mixed  low-grade 
sulphide  ores  are  at  the  present  time  being  concentrated  with  any  degree 
of  success,  at  least  so  far  as  effecting  a  recovery  of  the  zinc  content  of  the 
ore  is  concerned,  and,  second,  that  low-grade  carbonate  ores — that  is, 
ores  containing  leas,  than  20  per  cent,  zioc — ^are  not  treated  at  all.  There- 
fore, we  may  say  that  at  present  zinc  ores  are  not  being  treated  by  any 
process  except  the  retort  process,  and  that  this  process  cannot  profitably 
treat  ores  containing  less  than  20  per  cent.  zinc.  Thus  we  see  that, 
so  far  as  zinc  ores  themselves  are  concerned,  we  have  as  a  possible 
future  source  of  zinc; 

1.  The  values  which  are  now  wasted  as  a  result  of  imperfect  concentra- 
tion methods; 

2.  The  zinc  which  ts  lost  in  the  slag  or  as  fume  when  ores  containing  an 
appreciable  amount  of  zinc  are  smelted  in  copper  and  lead  blast  furnaces; 

3.  The  low-grade  carbonates  which  cannot  be  treated  at  a  profit  by 
present-day  metallurgical  processes; 

4.  The  micro-crystalline  sulphides  of  zinc,  iron,  and  lead;  e.g.,  such 
ores  as  are  found  in  the  Commonwealth  mine,  near  Reno,  Nev.;  in  some  of 
the  Pioche,  Nev.,  mines;  and  in  Rico,  Colo. 

It  is  true  that  ores  of  the  latter  class  containing  sufficient  values  in 
lead  and  silver  may  be  mined  and  shipped  as  lead-silver  ore,  but  if  so,  no 
attempt  is  made  to  recover  the  zinc;  in  fact,  in  such  cases  it  constitutes  an 
interferii^  element  and  is  lost  in  the  slag  or  as  fume  when  such  ores  are 
smelted  in  copper  and  lead  blast  furnaces.    Moreover,  the  shipp«-  is 
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penalized  at  so  much  per  unit  for  the  zinc  content  of  hia  ore.  For  this 
reason,  as  above  stated,  we  may  consider  the  zinc  that  is  lost  in  this  way 
(that  is,  as  slag  and  fume  in  the  smelting  of  ore  where  zinc  is  considered 
a  harmful  impurity)  as  one  of  the  possible  future  sources  of  zinc. 

The  Problem  op  the  METALLUROisr  and  the  Present  Status  op  New 
Process  cs 

If  these  are  the  possible  sources  of  zinc,  the  problem  that  presents  itself 
is  how  to  utilize  them  in  a  commercially  feasible  manner,  and  it  is  one  to 
which  is  being  given  a  great  deal  of  time,  attention,  and  money. 

Perhaps  no  one  process  can  be  devised  which  will  solve  it,  but  that 
on  the  other  hand  local  conditions,  and  the  nature  of  the  ore  to  be  treated, 
will  determine  in  each  particular  instance  whether  an  igneous  concen- 
tration, a  chemical,  an  electro-chemical,  an  electro-thermic,  or  some  other 
process  shall  be  used  which  does  not  belong  to  any  of  the  types  of  proc- 
esses just  mentioned.  As  above  stated,  a  great  deal  of  work  has  been 
done  in  an  experimental  way  on  all  of  the  types  of  processes  above  men- 
tioned, and  inasmuch  as  they  have  been  quite  fully  discussed  from  time 
to  time  in  the  technical  journals  and  before  this  and  other  societies,  it 
is  not  necessary  to  do  so  in  this  paper. 

Aa  to  the  present  status  of  these  various  processes,  we  can  perhaps 
do  no  better  than  to  quote  from  an  editorial  on  "Developments  in  the 
Metallurgy  of  Zinc  in  1913,"  which  appeared  in  the  January  number 
(1914)  of  MeiaUurgical  and  Chemical  Engineering: 

"From  a  metallurgical  point  of  view  the  statue  of  spelter  production  was  not 
materially  changed  during  1913.  This  is  not  to  imply  a  dearth  of  experiment  and 
research  in  the  winning  of  sine;  on  the  contrary,  there  w&a  marked  activity  in 
almost  all  branohea  of  sine-ore  treatment.  Some  hopes  have  been  realiied,  and 
progress  has  been  recorded;  but  a  reduction  process  has  not  been  brought  forth 
that  can  be  considered  a  serious  competitor  of  retort  smelting. 

"On  the  whole  a  commendable  lot  of  work  has  been  done  toward  improving 
present  pnioesBea  and  in  attempts  to  develop  new  ones.  A  great  deal  of  time 
and  money  have  been  spent  in  investigation,  and  there  is  apparent  willingness  to 
test  new  ideas  of  merit.  Apparently  no  line  of  development  has  been  finally 
dropped,  and  the  coming  year  should  witness  a  nearer  approach  to  the  reoliiation 
of  the  hopes  and  ambitions  of  different  investigators." 
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Precipitation  of  Copper  from  Solution  at  Anaconda 

BY  FREDERICK  LAIST  AND  W.  V.  FRICK,  ANACONDA,  UONT. 
(Belt  Lake  Maetinc,  Auauit,  1914) 

Introduction 

In  a  leaching  process,  having  obtained  the  copper  in  solution,  the 
choice  of  the  precipitation  method  is  influenced  by  the  following  faGt<M*a: 

1.  Availability  of  precipitant. 

2.  Adaptability  to  the  leaching  process. 

3.  Final  product  desired. 

4.  It^eneration  of  leaching  solutions. 

5.  Fouling  of  Bolutions. 

There  are  three  general  classes  of  precipitation  methods: 

1.  The  use  of  iron,  scrap  or  sponge. 

2.  Electrolytic  deposition. 

3.  The  use  of  some  gas  or  reagent  by  which  the  copper  is  obtained, 
usually  in  the  form  of  an  intermediate  precipitate  which  requires  further 
treatment.  For  example,  the  precipitation  of  the  copper  as  CuiCIi 
from  chloride  solutions,  with  SOi  gas. 

Tbe  use  of  iron  is  adapted  to  almost  any  process.  It  has  the  great 
advant^e  of  extreme  simplicity,  and  the  recovery  of  the  copper  and  any 
values  present  in  a  highly  concentrated,  easily  treatable  form.  The 
disadvantages  are  the  coBt  in  isolated  places,  the  uncertainty  of  the  scrap- 
iron  market,  and  the  fouling  of  the  leaching  solutions.  The  latter  is  a 
serioua  factor,  when  a  reagent  such  as  salt  is  used  in  them,  which  makes 
necessary  their  re-use. 

Where  applicable,  electrolytic  deposition  is  very  attractive.  The 
copper  is  obtained  in  a  form  directly  marketable,  there  is  a  r^eneration 
of  acid  and  no  fouling  of  solutions.  Unfortunately,  chloride  solutions 
do  not  lend  themselves  to  electrolysis.  An  entirely  satisfactory  anode 
material  has  not  yet  been  discovered,  although  magnetite,  apart  from 
being  rather  brittle,  seems  to  answer  the  requirements  fairly  well. 

The  use  <^  a  method  of  the  third  class  is  involved  in  many  special 
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leaching  processes,  and  is  iiighly  attractive  theoretically.  Such  methods 
usually  involve  r^^aeration  of  leaching  solutions,  no  fouling  of  solutions, 
aud  the  use  of  some  cheap  reagent,  as  lime,  or  a  by-product  of  the  process 
itself,  or  of  some  process  such  as  smelting.  Some  method  of  this  kind  is 
undoubtedly  that  of  the  future  where  electrolytic  deposition  is  not  appli- 
cable. 

The  copper  solution  from  the  SO-ton  leaching  plant,  in  which  the  sand- 
treatment  method  now  beii^  installed  on  a  large  scale  was  developed, 
averaged  Cu,  1.91;  FeiO,+ AljO»,  3.88;  NaCl,  8.3  per  cent.;  Ag,  0.634  oz. 
The  copper  content  of  this  solution  cannot  be  increased  much  economic- 
ally. The  application  of  this  solution  to  successive  lots  of  roasted  tailing, 
from  which  about  10  lb.  of  copper  per  ton  can  be  recovered,  would  neces- 
sitate excessive  washing  of  the  tailing.  The  copper  can  be  precipitated 
from  this  solution  by  means  of  scrap  iron,  the  cement  coppa*  going  di- 
rectly to  the  blast  furnaces  or  converters.  The  use  of  sponge  iron  is  more 
attractive  than  the  use  of  scrap  iron,  however.  It  can  be  made  from 
calcines  which  contain  about  50  per  cent.  iron.  This  makes  the  process 
iadependent  of  the  scrap-iron  market.  But  the  use  of  iron  necessitates 
the  discard  of  about  one-fourth  of  the  solution  each  time  to  stop  the 
accumulation  of  iron  sulphate,  and  this  leads  to  the  loss  of  much  valuable 
salt. 

Owing  to  its  high  chlorine  content  the  solution  is  not  adapted  to 
electrolysis.  With  a  view  to  getting  something  better  than  scrap  iron, 
precipitation  experiments  have  been  and  are  being  conducted  on  precipi- 
tation by  sulphuretted  hydrogen  made  from  matte  (also  from  calcium 
sulphate),  sponge  iron  from  calcined  concentrates,  and  sulphiu*  dioxide 
from  roasttng-fumace  gases. 

In  the  following  discussion  we  shall  attempt  to  explain  the  operatiim, 
difficulties,  advantages  and  disadvantages,  and  the  results  obtained  with 
each  of  the^e  methods. 

Hydrogen  Sulphide 

Hydrogen  sulphide  was  used  as  the  precipitant  in  the  work  done  on 
the  experimental  plant  operated  during  the  summer  of  1912. 

The  precipitation  tank,  10  by  10  by  7  ft,,  was  equipped  with  an  ^ta- 
tor  and  a  system  of  lead  pipes  in  the  bottom  for  gas  distribution.  The 
generator  was  a  lead-lined  iron  drum  2  ft.  in  diameter  and  4  ft.  high,  it 
was  built  to  stand  90  lb.  pressure  and  fitted  with  air  and  steam  connec- 
tions. The  iron  sulphide  was  put  in  through  a  hand  hole  in  the  top. 
The  acid  was  introduced  through  an  iron  pipe  by  gravity.  The  gas  passed 
through  a  lead  main  to  the  distributing  pipes.  When  action  ceased  a 
plug  was  removed  from  the  bottom  of  the  tank,  90  lb.  air  applied  and  the 
re&idue  blown  out. 
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The  copper  sulphide  was  filtered  in  a  small  band-made  wooden  filter 
press,  the  inside  dimensions  of  the  frames  of  which  were  12  by  12  by  If 
in.  Ordinary  filter  paper  backed  up  with  heavy  canvas  was  used.  The 
copper  sulphide  was  allowed  to  settle  over  night,  the  clear  solution  drawn 
off  and  the  thickened  residue  drawn  into  a  pressure  cylinder,  from  which 
it  was  forced  with  90-Ib.  air  through  a  )-in.  lead  pipe  to  the  press. 

The  absorption  of  the  HiS  gas  was  very  inefficient.  The  gas  entered 
under  considerable  pressure  and  escaped  in  big  bubbles  through  a  depth 
of  3)  ft.  of  solution.  Some  of  the  iron  sulphide,  which  was  the  com- 
mercial kind,  was  of  very  poor  quality.  It  was  found  that  when  ground 
to  4  mesh  the  rate  of  evolution  of  the  gas  was  about  right. 

A  charge  was  400  lb.  of  water,  100  lb.  of  4-mesh  iron  sulphide,  and 
130  lb.  of  66°  Baum^  acid  which  was  slowly  added.  The  acid  strength 
on  starting  was  about  24.5  per  cent,  and  averaged  7.5  per  cent,  at  the  end ; 
2.4  lb.  acid  per  pound  of  copper  were  required  for  the  generation  of  the 
HiS.  The  efficiency  of  ttie  acid  used  in  the  generation  was  about  62 
per  cent.  The  efficiency  of  the  FeS  in  the  laboratory  was  80.2  per  cent., 
but  in  the  plant  only  54  per  cent,  was  realized,  due  to  poor  absorption  of 
the  gas. 

About  100  lb.  of  matte  were  made  by  fusing  in  proper  proportions  a 
heavy  pyrite  ere,  an  oxidized  iron  ore,  and  lime  rock,  in  graphite  cruciblefc. 
This  matte  decomposed  readily  and  was  97.2  per  cent,  as  efficient  as  the 
commercial  FeS. 

Analysis  of  Matte  and  FeS 

Matte,  FeS, 

Per  Cent.        Per  Cent. 

FeO 78.8  81.2 

S 31.1  28.8 

Cu 2,23 

Ins 0.8  0.4 

The  filtration  gave  some  trouble,  due  to  defects  in  the  press.  When 
the  press  was  working  well  the  cakes  were  of  about  the  consistency  of 
cheese  and  assayed:  Cu,  58;  8,  29.0  per  cent.;  Ag,  69.5;  Au,  0.04  oz. 
The  cakes  carried  48  per  cent,  moisture. 

With  a  generator  having  an  agitating  device,  and  a  properly  designed 
absorber,  ^there  is  no  doubt  but  that  a  high  efficiency  could  be  obtained 
by  the  use  of  this  process.  The  reaction  between  CuSO»  and  the  HiS 
liberates  1 .55  lb.  acid  per  pound  of  copper  precipitated,  and  the  reduction 
of  the  ferric  salts  also  liberates  some  acid. 

The  advantages  of  this  process  are, 

1.  R^eneration  of  acid. 

2.  No  fouling  of  solutions. 

3.  A  product  which  is  high  grade  and  can  be  readily  worked  into  the 
smelter  process. 
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4.  The  matte  used  in  generating  the  HzS  is  enriched  by  removal  of  its 
iron  and  sulphur. 

Another  method  of  generating  US  which  was  considered,  but  not 
experimented  with  in  connection  with  the  present  problem,  consists  of  sn 
adaptation  of  the  Chance  process,  which  is  most  successfully  used  for 
working  up  the  so-called  "soda  waste,"  resulting  from  the  manufacture 
of  soda  by  the  Le  Blanc  process.  "Soda  waste"  is  largely  composed  of 
calcium  sulphide  (CaS).  This  is  finely  ground  and  made  into  a  thin  mud 
with  water  and  is  then  decomposed  with  carbon  dioxide,  the  reaction 
being  as  follows;  CaS  +  CO,  +  H,0  =  CaCOi  +  H,S. 

Experiments  were  made  on  this  line  by  one  of  the  writers  several  years 
ago  and  gave  quite  satisfactory  results.  The  calcium  sulphide  (CaS) 
was  made  by  reducing  gypsum  (CaSOO  with  coal  in  a  shaft  furnace 
similar  to  a  lime  kiln.  The  gypsum  and  coal  were  formed  into  briclu 
with  water.  It  was  found  that  a  very  fair  quality  of  calcium  sulphide 
could  be  made  in  this  manner,  a  yield  of  about  75  per  cent,  of  the  theo- 
retical being  obtained. 

The  calcium  sulphide  was  decomposed  by  means  of  gases  taken  from 
the  reduction  furnace.  These  averaged  about  14  to  16  per  cent.  COi 
and  answered  the  purpose  very  well.  Tho  calcium  sulphide  absorbs 
the  COj  with  avidity.  No  heat  is  required.  A  train  of  five  cylinders, 
1  ft.  in  diameter  by  3  ft.  tall,  constructed  of  galvanized  iron  and  connected 
by  pipes  and  valves  in  such  a  way  that  any  cylinder  could  be  made  the 
first  (or  last)  of  the  series,  was  used  for  the  decomposition  of  the  CaS. 
The  COi  gaa  was  forced  through  the  cylinders  by  means  of  a  small  com- 
pressor. The  gas  on  leaving  the  last  CaS  cylinder  was  conducted  to  a 
similar  series  of  wooden  cylinders  containing  copper  solution,  no  inter- 
mediate pumping  of  the  gas  being  required.  The  absorption  of  the  HjS 
was  perfect.  No  odor  whatever  was  perceptible  at  the  outlet  of  the  last 
cylinder.  The  conversion  of  the  calcium  sulphide  into  calcium  carbonate 
by  the  carbon  dioxide  gas  was  also  perfect.  No  odor  of  HjS  could  be 
detected  when  the  residue  from  the  tanks  was  dissolved  in  dilute  hydro- 
chloric acid. 

Sponge  Iron 

In  June,  ldl3,  a  sample  of  a  concentrate  high  in  iron  sulphide  was 
roasted  to  a  calcine  assayuig:  SiOj,  4.3;  FeO,  72.2;  S,  4.2;  Cu,  6.2;  Fe, 
56.2  per  cent. 

Two  parts  of  this  calcine  were  mixed  with  one  part  of  fine  Diaraond- 
ville  coal,  sealed  in  a  graphite  crucible  and  heated  to  about  1,700°  F.  for 
a  couple  of  hours.  The  residue  had  a  copper  equivalent  of  1.77.  (The 
"copper  equivalent"  is  the  grams  of  sponge  iron  requkedto  precipitate 
1  g.  of  copper  from  a  1  per  cent,  copper  solution  prepared  from  crystalliied 
copper  sulphate.)    A  series  of  crucible  tests  followed,  which  gave  suffi- 


ce .yGoOglc 


PRECIPITATION  OP  COPPEB  1429 

ciedtly  good  results  to  warrant  the  collection  and  roasting  of  about  125 
tons  of  the  special  high  iron  sulphide  for  further  experiment. 

The  roasting  was  done  in  a  16-ft.  six-hearth  MacDougall  furnace  at  an 
average  rate  of  16.3  tons  per  day.  Oil  burners  were  used  on  the  lower 
hearths  to  maintain  the  temperature  so  that  the  roast  could  be  carried 
below  4  per  cent,  in  sulphur. 

Assays  of  Concentrates  and  Calcine 

Concentratee  Calcine 

Per  Cent.  Per  Cant. 


8 3.4 

A  retort  furnace  was  built  near  the  leaching  plant  and  operated  during 
October  and  November,  1913.  The  equipment  consisted  of  a  thre&- 
retort  coal-fired  furnace,  an  elevation  of  which  is  shown  in  Fig.  1,  and 
three  air-tight  cars  for  cooling  the  sponge.  The  retorts,  similar  to  those 
used  in  gas  making,  were  8|  ft.  long,  15  in.  deep,  and  2  ft.  wide  inside, 
had  3  in.  thick  walls,  and  cast-iron  fronts  with  gas  connections.  The 
fine  reduced  iron  reoxidized  so  easily  that  air-tight  cars  were  necessary 
for  cooling. 

The  charge  consisted  of  a  mixture  of  30  parts  ground  Diamondyille 
coal  and  70  parts  calcine.  The  first  lot  was  prepared  by  grinding  the 
coal,  mixing  with  the  calcine  and  grinding  the  mixture  so  that  96  per  cent, 
passed  40  mesh.  Later  it  was  found  that  it  was  unnecessary  to  grind  the 
calcine.  The  coal  was  ground  in  a  Hardinge  mill  so  that  90  per  cent, 
passed  60  mesh. 

The  first  charge,  only  one  muffic  used,  was  left  in  for  24  hr.  and  gave 
a  copper  equivalent  of  2.3.  This  was  continued  for  a  couple  of  weeks. 
The  temperature  was  raised  as  fast  as  possible  and  the  pyrometer  reading 
was  at  1,600°  for  at  least  4  hr.  before  discharging.  The  pyrometer  rod 
was  not  stuck  down  in  the  mixture,  but  was  above  it.  The  results  from 
these  charges  were  uniformly  good,  the  copper  equivalent  varying  from  2.2 
to  3.0  g.  iron  per  gram  of  copper.  No  special  precautions  were  taken  at 
any  time  in  charging  or  discharging.  The  samples  of  material  were  taken 
with  a  pipe  sampler  from  a  car  of  cooled  material.  The  charge  was  always 
dampened  to  prevent  too  much  dusting.  The  charges  were  about  450 
to  500  lb.  of  original  mixture.  These  gave  on  an  average,  275  to  300  lb. 
of  "iron."  One  charge  during  this  time  was  rabbled  every  half  hour  for 
9  hr.  and  the  temperature  worked  up  as  fast  as  possible.  It  was  dis- 
charged at  a  temperature  of  1,500°  F.  and  gave  a  copper  equivalent  of  2.7 
g.  iron  per  gram  of  copper. 

At  the  end  of  the  first  two  weeks  it  was  deemed  advisable  to  try  to 
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get  more  material  through  the  furnace,  and  a  scheme  was  worked  out  to 
give  each  charge  8  hr.  and  work  them  off  faster.  This  proved  unaatisfac- 
tory.  It  was  not  possible  to  obtain  more  than  1,300°  temperature  and 
the  resulting  iron  was  very  poor.  About  thia  time  the  muffles  began  to 
crack  and  let  air  in.  This  naturally  resulted  in  the  production  of  a  very 
poor  grade  of  iron. 

The  best  iron  which  was  made  under  the  foregoing  conditions  was  a 
black,  dusty  material.  It  contained  considerable  coke  and  was  quite 
light.  The  coarser  calcine  gave  as  good  results  as  the  ground  material. 
None  of  the  pyrometer  readings  was  over  1,620°.     In  all  cases  the  pyromc 


Fia.  J. — Elevation  of  Sponge  Ihon  Retort  Furn&cb. 

tcr  tube  was  over  and  not  buried  in  the  mixture.  Toward  the  end  of 
the  experiments,  the  muffles  had  quite  a  cake  in  the  lower  corners  and  on 
the  bottom,  which  seemed  to  be  more  or  less  fused  to  them,  and  was 
impossible  to  clean  out. 

It  was  early  recognized  that  while  a  good  sponge  iron  could  be  made 
in  retorts,  the  fuel  efficiency  was  low  and  the  life  of  the  retorts  limited. 
So  it  was  decided  to  try  reduction  in  a  specially  rebuilt  MacDougall 
furnace.  The  furnace  was  so  equipped  that  hot  partly  roasted  calcine 
from  another  furnace  was  fed  to  the  first  hearth  by  a  steel  conveyor. 
The  roasting  was  completed  and  the  calcine  preheated  to  1,700°  by  oil 
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burners  on  the  third  hearth.  The  three  lower  hearths  were  equipped  with 
oil-fired  muSe  floors.  Fine  coal  was  fed  in  on  the  fourth  hearth.  The 
plan  was  to  obtain  a  mixture  of  the  preheated  calcine  and  fine  coal  on  the 
lower  hearths  under  strongly  reducing  conditions  such  that  the  reduction 
would  be  accomplished.  The  oil  burners  directed  into  the  lower  hearths 
worked  alright  but  those  into  the  muffles,  due  to  the  necessarily  restricted 
size  of  the  mufHe,  localized  the  flame  too  much,  melting  the  bricks  in  the 
direct  path  of  the  flame  and  depositing  carbon  on  the  other  portions. 

The  oil  burners  were  removed  and  coal  firing  was  tried.  Two  fire 
boxes  were  installed  on  the  third  floor,  the  fine  coal  being  fed  on  the 
fourth  floor.  The  addition  of  this  cold  coal  lowered  the  temperature  to 
such  an  extent  that  the  calcine  did  not  reduce,  and  on  increasing  the 
temperature  the  coal  burned  off.  It  seemed  impossible  to  get  a  h^h 
temperature  and  a  reducing  atmosphere  at  the  same  time  on  the  lower 
hearths.  It  was  then  decided  to  add  another  fire  box.  At  first  it  was 
connected  to  the  fifth  hearth  muffle  only,  but  finally  to  both  the  fourth 
and  fifth  hearth  mufSes.  While  increasing  the  heat  in  these  hearths, 
the  muffles  were  poor  conductors  of  heat  and  the  piers  and  floors  above 
burned  out.  Gas  analyses  made  on  the  fifth  and  sixth  hearths  showed 
CO,,  15;  Oi,  2.7;  CO,  0.7  per  cent.,  the  temperature  in  the  fifth  hearth 
being  1,340*  F.  The  best  gas  sample  showed  only  2.0  per  cent.  CO  on 
the  fifth  hearth  and  this  for  only  a  ahort  time. 

Fine  coke  was  next  tried  and  had  the  same  effect  of  cooling  the  calcine. 
Though  added  on  the  third  hearth,  it  practically  all  dropped  down  to  the 
fourth  hearth  before  mixing  with  the  calcine.  By  laboratory  experiments 
it  was  shown  that  coke  did  not  have  the  same  reducing  action  on  calcines 
as  coal  or  charcoal  under  the  same  conditions  and  its  use  was  discontinued. 
No  appreciable  reduction  was  obtained  during  this  period.  The  product 
made  by  the  furnace  was  magnetic,  but  showed  no  signs  of  metallic  iron 
and  would  not  precipitate  any  copper. 

While  using  two  fire  boxes  the  coal  burned  was  4,000  lb.  per  24  hr. 
When  the  three  were  in  operation  it  required  7,500  lb.  per  24  hr.  The 
special  iron  concentrates  fed  to  MacDougall  No.  62  at  a  rate  of  26  tons 
per  24  hr.  averaged;  Insol.,  7.1;  FeO,  47.6;  and  S,  46  per  cent.  They 
were  roasted  to  5  per  cent.  S. 

Owing  to  the  cooling  effect  of  adding  the  coal  dust  to  the  calcine  in  the 
furnace,  feeding  a  mixture  of  coal  dust  and  calcine  thoroughly  mbced  was 
tried.  A  mixture  of  two-thirds  calcine  and  one-third  coal  dust  by  weight 
was  fed  into  the  top  of  the  furnace.  No  difficulty  was  experienced  in 
obtaining  a  high  heat  on  the  three  upper  hearths,  but  the  lower  hearths 
were  cold.  No  reduction  was  obtained,  due,  probably,  to  unavoidable 
leakage  of  air. 

In  January,  1914,  it  was  decided  to  start  a  new  series  of  experiments. 
A  series  of  laboratory  experiments  had  been  made  in  December  using 
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DiamondvHle  coal,  Sunnyside  coke,  and  charcoal  as  reducing  agents. 
Equally  good  reaulta  were  obtained  from  the  coal  and  charcoal,  but 
practically  no  reduction  from  the  coke  at  the  temperatures  used.  The 
significance  of  these  results  was  not  appreciated  at  the  time,  as  will  be 
explained  later. 

The  retort  furnace  was  remodeled,  a  scrap  cast-iron  hydraulic  cylinder 
8^  ft.  long  and  18  in.  in  diameter,  with  a  hinged  door,  being  installed. 
This  retort  was  operated  for  a  couple  of  weeks  with  a  mixture  of  30  part." 
fine  Diamondville  coal  and  70  parts  calcine,  with  indifferent  results. 

In  the  meantime  it  happened  that  a  crucible  run  was  made,  in  the 
laboratory,  using  lumps  of  coal  about  thumb  size  instead  of  fine  coal' 
To  our  surprise,  excellent  results  were  obtained.  A  new  line  of  experi- 
ments was  started  in  which  calcine  was  heated  and  then  mixed  with  coarse 
coal.  .  A  charge  of  calcine  was  heated  to  1,500°  in  the  retort  and  coar^ 
coal  was  charged  and  rabbled  in.  The  results  were  poor  because  of  the 
difficulty  of  rabbling  the  coarse  coal  down  into  the  fine  calcine.  How- 
ever, some  reduction  was  obtained. 

The  great  disadvantage  of  the  retort  method  is  the  low  fuel  efficiency. 
This  was  especially  true  when  Diamondville  coal,  38  per  cent,  volatile 
combustible  matter,  was  used.  The  gas  formed  carried  off  the  heat  as 
rapidly  as  applied  and  the  temperature  could  not  be  raised  above  1,000" 
F.  until  it  was  driven  off.  It  was  known  that  efficient  reduction  did  not 
take  place  under  1,000"  F.,  after  all  the  gas  was  driven  off;  also  that 
while  blast-furnace  coke  was  not  a  reducer  at  this  temperature,  charcoal 
was.  So  it  was  suggested  that  the  coke  resulting  from  the  coal  must  be 
the  reducer  and  that  the  hardness  and  character  of  the  coke  must  be 
factors  in  its  efficiency. 

Diamondville  coal  assayed  in  1912:  volatile  combustible  matter, 
38.38;  fixed  carbon,  45.28;  ash,  10.01  per  cent.  It  is  not  a  coking  coal, 
in  the  commercial  sense,  coke  resulting  from  it  being  very  soft  and  friable. 

A  charge  of  fist-size  Diamondville  coal  was  coked  in  the  retort  at 
1,400°  F.  A  charge  of  coke  was  ground,  mixed  with  calcine,  and  reduced 
in  the  retort  with  indifferent  success.  The  next  day  the  remaining  coke, 
uncrushed,  was  charged  with  calcine  into  the  retoit.  Conditions  seemed 
to  be  just  right  this  day  and  an  excellent  product  resulted.  The  residue 
was  a  gray  spongy  mass  mixed  with  coarse  unconsumed  coke  and  had  a 
copper  equivalent  of  1.4.  It  was  now  decided  to  preheat  coke  and  calcine 
under  efficient  conditions  and  mix  them  in  an  air-tight  contains. 

The  retort  was  shut  down  and  a  series  of  40  crucible  tests  made  in  the 
laboratory  to  determine  conditions  of  time,  temperature,  per  ceni.  of 
reducer,  hardness  of  coke,  possibility  of  mixing  hot,  and  other  details. 
The  results  of  these  experiments  showed  that  if  15  parts  of  Diamondville 
coke  and  85  parts  of  calcine  could  be  preheated  to  1,800"  F.,  mixed,  and 
maintained  at  this  temperature  for  an  hour,  the  resulting  residue  would 
have  a  copper  equivalent  of  1.5. 
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A  double  crucible  furnace  to  hold  two  No.  50  graphite  crucibles  was 
built.  Oil  burners  were  used  for  heating.  The  mixer  was  a  sheet-iron 
shell  2  ft.  deep  and  20  in.  in  diameter  lined  with  4^  in.  of  fire  brick. 
The  mixer  was  provided  with  an  air-tight  cover  and  three  tuyeres,  and 
placed  on  trunnions  so  it  could  be  dumped.  Coke  was  burned  in  the 
mixer  to  preheat  it,  air  being  supplied  through  the  tuyeres.  When  the 
charge  was  ready  the  coke  was  dumped  from  the  mixer  and  the  tuyeres 
clo&ed. 

Charges  of  calcine  and  coke  were  heated  in  the  crucibles  to  between 
1,700°  and  1,800°  F.  and  dumped  tf^ether  into  the  mixer.  There  was  too 
much  cooling  in  this  manipulation  and  poor  results  were  obtained.  Put- 
ting the  coke  in  the  mixer  and  heating  it  by  burning  a  part  of  it,  using 
air  through  the  tujferes,  was  tried.  This  failed,  due  to  the  difficulty  of 
getting  the  coke  heated  to  a  uniform  temperature  throughout.  However, 
a  copper  equivalent  of  3.2  was  obtained  from  a  picked  sample. 

It  was  then  decided,  to  build  two  small  hand-rotated,  oil-fired,  brick- 
lined  cylinders  for  preheating,  from  which  the  charges  could  be  very 
quickly  drawn  into  the  mixer.  The  soft  Diamondville  coke  was  heated 
in  one  cylinder  and  the  calcine  in  the  other  cylinder  to  1,800°  F.  The 
charges  were  so  small,  however,  that  when  they  were  transferred  to  the 
mixer  they  lost  about  300°  F.  in  temperature.  The  resultant  mixture, 
1,500°  F.  at  the  start,  cooled  rapidly  and  very  poor  results  were  obtained. 

Heating  a  mixture  of  the  coke  and  calcine  in  one  cylinder  to  1,800°  - 
and  then  quickly  sealing  the  ends,  gave  a  product  with  a  copper  equiva- 
lent of  2.35.  This  was  so  promising  that  a  larger  furnace  of  the  Bruckner 
type  was  made  by  lining  a  section  of  a  White  Howell  furnace,  5  ft.  in 
diameter  and  12  ft.  long,  with  4J  in.  of  fire  brick  about  the  middle 
and  a  30-in.  brick  wall  in  each  end,  with  a  I2-in.  opening  in  one  end  for 
an  oil  burner  and  an  18-in.  opening  in  the  other  for  a  stack  connection. 
A  6-in.  charging  and  discharging  door  was  put  in  one  side  midway  be- 
tween the  ends,  and  a  power  drive  arranged  which  gave  1 .28  rev.  per  min- 
ute. This  gave  a  furnace  4  ft.  3  in.  in  diameter  in&ide  and  7  ft.  long,  with 
a  capacity  of  2,400  lb.  of  charge.  Fig.  2  is  a  photograph  of  this  furnace, 
including  the  oil  burner. 

The  sheet-iron  box  around  the  middle  of  the  furnace  is  stationary 
and  makes  a  reasonably  air-tight  space  in  which  the  sponge  iron  can  be 
dischai^ed  without  excessive  oxidation.  The  discharging  door  revolves 
inside  the  box  and  the  iron  falls  into  a  rapid  stream  of  water  in  a  launder 
below,  where  it  is  quenched  and  washed  into  a  collecting  box.  Complete 
data  on  this  furnace  have  not  been  obtained.  However,  the  results  ob- 
tained so  far  are  satisfactory  and  no  difficulties  are  apparent  which  will 
prevent  the  development  of  the  process  to  a  commercial  basis. 
The  furnace  is  operated  as  follows: 
1,400  lb.  calcine  are  charged  and  heated  with  a  fuel-oil  Same  to  about 
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1,300°  F.  This  requires  about  li  hr.  In  a  commercial  plant  the  cal- 
cine would  be  drawn  hot  directly  from  the  MacDoi^all  hoppers  to  the 
furnace.  About  600  lb.  of  coal  are  then  shoveled  in  throi^h  the  front, 
in  small  lots.  The  furnace  continues  to  revolve  and  in  about  }  hr. 
after  starting  to  charge  the  coal  the  hydrocarbons  are  burned  off.  The 
oil  Bame  is  again  started.  In  1}  to  2  hr.  the  charge  is  up  to  1,680°  to 
1,700°  and  reduction  is  complete.  The  dischai^ii^  door  is  removed  and 
the  charge  quenched. 

We  are  making  sponge  iron  with  a  copper  equivalent  of  1.5  on  samples 
screened  through  a  14-mesh  screen.  The  coal  used  amounts  to  40  per 
cent,  of  the  weight  of  the  calcine.    It  is  probable  that  this  percentage 


FiQ.  2. — SpoiraB  Ieon  Fobnac*. 

can  be  reduced.  Coke  to  the  extent  of  25  per  cent,  of  the  weight  of  the 
coal  is  recovered  by  screening  the  product  discharged  from  the  furnace. 
This  coke  can  undoubtedly  be  used  again.  The  quenching  works  well, 
the  quenched  product  averaging  1.7  copper  equivalent.  The  best  results 
are  obtained  at  a  temperature  of  1,680°  to  1,700°  F.  If  the  temperature 
is  carried  much  above  1,700°  F,  there  ia  a  tendency  for  the  charge  to 
nodulize.  The  fuel  consumption  for  beating,  20  gal.  fuel  oil  to  a  ton 
charge,  is  very  reasonable  when  it  is  considered  that  the  process  is  inter- 
nlittent,  the  scale  is  small,  and  the  apparatus  is  still  in  the  experimental 
stage.  We  expect  to  present  a  paper  later  giving  a  full  account  of  this 
process. 
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Sidphur  Dioxide  Preeipitatioit 
When  cupric  copper  in  solution  is  reduced  with  SO],  in  the  presence  of 
chlorides,  there  is  a  precipitation  of  cuprous  chloride,  the  amount  of 


Fio,  3. — Two-ton  Sulpbur  Dioxidb  PanciPiTATioN  Plant. 

precipitation  depending  on  the  solubility  of  the  cuprous  chloride  in  the 
solution.  The  reaction  is,  2CuCU  +  SOi  +  2HjO  =  CuiCI.  +  HjSO* 
+  2HC1. 
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According  to  this  reactioD  the  equivalent  of  1.54  lb.  of  HiS04  is  regenw- 
ated  per  pound  of  copper  reduced.  Actually,  from  our  Bolutiona,  2  to  2.5 
lb.  of  acid  per  pound  of  copper  reduced  are  regenerated,  due  to  reduction 
of  ferric  salts  and  a  catalytic  action  of  the  cuprous  chloride.  Either  pure 
SOi,  gaseous  or  liquid,  or  a  gas  containing  10  per  cent.  SOi  by  volume,  can 
be  used  for  the  reduction.  A  gas  containing  less  than  8  per  cent.  SOi 
by  volume  does  not  give  satisfactory  results.  The  most  satisfactor}' 
conditions  for  the  reduction  and  precipitation  of  the  copper,  so  far  as  ne 
have  determined  them,  are  saturation  of  the  cold  solutions  by  passing  the 
SO:  gas  through  at  15  lb.  pressure  p^  square  inch,  heating  to  boiling  under 
20  lb.  pressure  per  square  inch  and  then  cooling  to  60°  to  70'  F.    The 


FlO.  i.—FLAS    OF  2-TON  EXFBBIMENTAL  SULPHUR  DiOXIDE  PRBCIFITATIOH  PLA-VT, 


cuprous  chloride  separates  as  a  heavy  white  cryatalline  precipitate  which 
settles  readily. 

Three  and  one-half  tons  of  the  2  per  cent.  Cu  solution  carrying  8.5 
per  cent,  NaCl  have  been  precipitated  in  500-lb.  lots.  An  average  of  80 
per  cent,  of  the  copper  and  100  per  cent,  of  the  silver  was  precipitated, 
giving  »  tail  solution  carrying  0.4  per  cent.  Cu  and  4.0  per  cent-  HjSO*,  the 
cuprous  chloride  being  soluble  in  this  8.5  per  cent.  NaCl  bolution  to  the 
extent  of  0.4  per  cent.  Cu. 

The  first  experiments  were  made  in  a  lead-lined  iron  auto-clave, 
holding  about  700  cc.    The  solution  was  saturated  under  10  II 


.coy  Google 


PHBCIPITATION   OF  COPPEB  1437 

per  square  inch  with  pure  SOg  gas,  obtained  from  cans  of  liquid  SOt, 
transferred  to  the  auto-clave,  and  heated  to  boiling  under  10  lb.  pressure 
per  square  inch.  On  a  leaching-plant  solution  carrying  1.5  per  cent.  Cu 
a  71  per  cent,  precipitation  was  made. 

The  copper  solution  used  in  the  following  experimental  work  contained : 
Cu,  2.0;  Fe,0,  +  Al,Oa,  4.6;  NaCl,  4.8  to  8.5;  H^04,  0.5  per  cent.; 
Ag,  0.45  oz. 

A  lead-lined  pressure  tank  1  ft.  in  diameter  and  2  ft.  deep,  with  a  lead 
heating  coil,  was  used.  The  copper  solution  from  the  2,000-ton  sands- 
leaching  plant  will  have  about  this  analysis  and  carry  8.5  per  cent.  NaCl. 
The  solution  was  saturated  under  pressure,  which  was  maintained  during 
the  heating  stage.  At  first  pure  SOa  was  used.  Later  10  per  cent.  S0| 
gas  made  from  pure  SQt  and  air  was  tried.  After  the  details  of  manipu- 
lation were  worked  out  a  00  per  cent,  precipitation  was  made  with  no 
trouble.     Following  are  the  data  of  one  of  these  runs: 

Volume  solution,  liters 26.5 

Per  cent.  Cu  in  head  aolution 2.0 

Per  cent,  NaCl  in  bead  aolutioti 4,8 

Per  cent.  Cu  in  tail  solution 0.2 

Per  cent.  Acid  in  head  solution 0.6 

Per  cent.  Acid  in  tail  solution 4,0 

Per  cent.  SO,  in  gas ■.  10. 0 

Saturation  time  in  hours 3.0 

Heating  time  in  hours 4,0 

Final  temperature  in  degrees  F 195.0 

Saturation  pressure  in  pounds 15.0 

Heating  pressure  in  pounds 20.0 

Per  cent,  precipitation 90.0 

Nom. — Later  by  a  change  of  st«am  connections  the  heating  was  accomplished  in 
i  br. 

Experiments  were  made  on  the  operation  of  a  MacDougall  roaster 
to  give  a  10  per  cent.  gas.  The  furnace  was  run  hot  on  a  heavy  feed  of 
undried  fine  concentrates.  The  gas,  obtained  without  difiiculty  at  10 
per  cent.,  was  drawn  from  the  second  hearth  by  a  small  compressor,  and 
compressed  to  90  lb.  in  a  5-cu.  ft.  oxygen  cylinder.  This  gas  gave  as  good 
results  as  the  mixture  of  pure  gas  and  air. 

The  success  of  the  experiments  mentioned  wari  anted  a  trial  of  the 
method  on  a  larger  bcale,  500  lb.  to  the  charge.  The  installation  shown 
in  Fig.  3  was  put  in  at  the  MacDougall  building.  It  consists  of  a  water- 
jacketed  cooling  pipe  from  the  furnace,  a  dust  catcher,  a  bag  box, 
a  small  compressor,  a  receiver,  the  absorber,  and  two  heaters.  The  gen- 
eral plan  is  shown  in  Fig.  4.  A  section  of  the  absorber  and  one  of  the 
heaters  is  shown  in  Fig.  5.  The  absorber  is  made  of  sections  of  lead-lined 
1-ft.  diameter  pipe  with  perforated  diaphragms  between  sections.  It 
holds  about  500  lb.  of  solution.    The  heaters  are  lead-lined  cylinders  4  ft. 
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long  and  1  tf .  in  diameter.    A  woolen  bag  is  used  to  remove  the  fine  dust 
and  fume.    The  reaidue  in  the  bag  consists  of  fine  dust,  elemental  sulphur, 


'^tKa»rai*?p 


Fio.  5. — Section  of  Absorbeb  and  Heater. 

arsenic,  and  sulphuric  acid,  and  is  very  corrosive,  the  bags  lasting  only 
about  6  hr. 
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The  absorber  is  charged  with  about  500  lb.  of  2  per  ceat.  copper  Bolu- 
tioQ.  The  SOi  gaa  ia  forced  in  under  the  lowest  diaphragm.  A  pressure 
of  15  lb.  per  square  inch  is  maintained  by  regulation  of  the  veat.  The 
gas  has  been  passed  through  at  rates  varying  from  0.8  to  6.1  cu.  ft.  per 
minute.  The  absorption  of  the  SOi  gas  is  almost  complete  for  the  first 
hour,  and  then  gradually  decreases  to  about  60  per  cent.  The  solutioo 
changes  from  the  blue  cupric  color  to  a  greenish-brown  color,  and  bome 
CuiCU  is  precipitated.  Samples  are  taken  every  hour,  and  after  2.5 
to  3  hr.  a  small  portion  boiled  in  an  Erlenmeyer  flask  and  cooled  has  a 
characteristic  appearance  when  the  reduction  is  completed,  which  we  have 
learned  from  experience  indicates  that  the  charge  is  ready  for  hettting. 
The  charge  is  drawn  off  in  125-lb.  lots  to  the  heaters.  The  heatii^  time 
averages  35  to  40  min.  The  pressure  is  maintained  at  20  lb.  After  35 
to  40  min.  the  pressure  is  gradually  reduced  and  the  charge  allowed  to  boil 
several  minutes.  The  four  heate  from  one  absorber  charge  are  drawn 
into  a  barrel,  and  after  cooling  over  night  the  supernatant  solution  is 
sampled  for  copper. 

The  first  18  runs  were  made  on  a  solution  ruiming  2  per  cent.  Cu  and 
4.8  per  cent.  NaCI.  An  average  precipitation  of  90  per  cent,  of  the  copper 
was  obtained.  Then  it  was  decided  to  increase  the  salt  content  of  the 
solution  to  8.5  per  cent,  the  percentage  which  will  be  carried  in  the  solu- 
tions from  the  2,000-ton  sands-leaching  plant. 

Ttable  I  bhows  the  data  of  14  runs.  In  all  these  runs,  500  lb.  of 
copper  solution  assaying  2  per  cent.  Cu,  8.5  per  cent.  NaCl,  and  0.5  per 
cent.  H]S04wasufied.  The  saturation  pressure  was  15  lb.  and  the  heating 
pressure  20  lb.  per  square  inch.  The  absorption  of  the  SOj  gas  varied 
from  60  to  75  per  cent.  The  average  copper  content  of  the  tail  solu- 
tions was  0.36  and  the  average  precipitation  81.7  per  cent. 

The  operation  of  this  plant  was  highly  satisfactory.  The  only  trouble 
experienced  with  the  plant  proper  was  the  failure  of  the  heater  linings. 
The  heaters  were  originally  lined  with  old  6-lb.  lead,  and  both  failed. 
The  first  one  which  failed,  after  relining  with  new  8-Ib.  lead,  served  for 
48  heats  and  then  showed  no  appreciable  deterioration. 

Reduction  of  Cuprous  Chloride 

There  are  three  methods  of  reduction  of  the  cuprous  chloride  which 
have  been  worked  out  to  some  extent  and  which  seem  capable  of  develop- 
ment to  a  commercial  basis. 

1.  Precipitation  with  sponge  iron. 

2.  Reduction  with  coke  with  limestone  present  to  fiux  and  hold  the 
chlorine. 

3.  Electrolytic  reduction. 
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Precipitalion  with  Sponge  Iron 

Sponge  iron,  when  mixed  with  cuprous  chloride  40  to  50  per  cent, 
solids,  gives  a  rapid  and  complete  precipitation,  with  the  evolution  of 
considerable  heat.  The  reaction  ia,  CujCli  +  Fe  =  2Cu  +  FeClj.  It  ia 
evident  from  this  reaction  that  only  one-half  as  much  iron  i3  required  to 
precipitate  the  copper  from  cuprous  chloride  as  from  a  cupric  salt.  A 
sponge  iron  with  a  copper  equivalent  of  2.30  on  a  copper  sulphate  solution 
gave  a  copper  equivalent  of  1,20  on  cuprous  chloride.  The  cement  copper 
from  the  precipitation  of  copper  from  cuprous  chloride  with  sponge  iron  is 
rather  granular,  settles  readily  and  washes  easily.  A  sample  made  from 
sponge  iron  with  a  1.20  copper  equivalent  on  cuprous  copper  assayed  56 
per  cent,  Cu  and  0.1  per  cent.  CI. 

The  precipitation  of  the  copper  from  solutions  by  the  S0»  method 
followed  by  the  treatment  of  the  cuprous  chloride  with  sponge  iron  make 
an  e£Fective  combination.  Concentrates  may  be  roasted  in  a  suitable 
furnace  to  make  the  required  SO2  gas,  and  the  hot  calcine  drawn  directly 
from  the  hoppers  beneath  the  roasting  furnace  into  the  revolving  furnace 
for  reduction  to  sponge  iron.  In  a  suitable  furnace  the  concentrates  can 
be  roasted  to  under  4  per  cent.  S  and  10  per  cent.'  gas  produced.  It  would 
figure  about  as  follows:  100  tons  concentrates  assaying,  Cu,  5.3;  in- 
soluble, 6.4;  FeO,  48.6;  Fe,  37.8;  S,  44,8  per  cent.,  will  roast  to  a 
calcine  assaying,  Cu,  8.4;  insoluble,  10.6;  FeO,  62.6;  S,  3.7  per  cent. 
About  40  tons  sulphur  or  80  tons  SOa  are  available.  About  60  per  cent, 
of  this  SOj,  or  say  SO  tons,  can  be  absorbed  in  precipitation  of  the  copper. 
The  reaction  ia,  SCuCh  +  SO,  +  2HsO  =  CujClj  +  HjSOs  +  2HC1. 
It  is  evident  from  this  reaction  that  50  tons  SOj  will  precipitate  about  100 
tons  copper. 

The  original  concentrates  contun  37.8  tons  iron,  of  which  80  per  cent. 
is  available,  for  precipitation  of  copper,  in  the  form  of  a  sponge  iron  with 
a  copper  equivalent  of  1.5  to  1.6  on  copper  sulphate  solution  and  0.8  to 
0.9  on  cuprous  copper.  Cuprous  copper  requires  0.44  lb.  pure  iron  per 
pound  of  copper  for  precipitation.  37,8  X  0,80  -i-  0,44  =  68.7  tons  copper 
precipitated.  This  gives  a  comfortable  margin  of  SO]  for  precipitation 
and  any  excess  can  be  easily  wasted.  The  above  calculation  is  rather 
rough,  because,  as  before  mentioned,  the  complete  data  of  the  sponge  iron 
process  are  not  yet  worked  out,  but  it  is  probable  that  it  is  not  far  o£f. 

The  combination  of  the  methods  has  these  advant^es: 

1.  The  conversion  of  a  large  part  of  the  SOj  from  the  roasting  process 
directly  into  suiphuiic  acid  in  the  leaching  solutions,  accompanied  by  the 
precipitation  of  the  copper  in  a  concentrated  form,  from  which  it  can  be 
recovered  by  precipitation  with  the  sponge  iron  resulting  from  the  reduc- 
tion of  the  calcine, 

2.  The  use  of  only  one-half  as  much  iron  to  precipitate  the  copper  from 
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the  cuprous  form  as  from  the  cuprio,  and  hence  the  return  of  only  one- 
half  as  much  iron  into  the  leaching  solutions  to  foul  them. 

3.  The  precipitation  of  the  copper  in  a  concentrated  condition  by  a 
simple  process,  in  a  form  easily  washed  and  handled. 

4.  The  possibility  of  the  treatment  of  the  ferrous  chloride  which  results 
in  such  a  way  that  the  valuable  chlorides  can  be  returned  to  the  leaching 
solutions  unaccompanied  by  iron. 

Reduction  wilh  Coke  in  the  Presence  of  LimesUme 

By  this  method  the  cuprous  chloride  ia  directly  reduced  to  metallic 
copper,  by  a  furnace  process,  with  the  production  of  a  calcium  chloride 
slag  from  which  the  chlorides  maybe  leached  and  returned  to  the  leaching 
process.  Cuprous  chloride  is  very  volatile  at  high  temperatures.  How- 
ever, by  having  fine  limestone  about  10  to  15  per  cent,  in  excess  of  the 
theoretical  requirements,  in  intimate  mixture  with  the  coke  and  cuprous 
chloride,  it  is  possible  to  accomplish  reduction  with  a  loss  of  not  more  than 
5  or  6  per  cent,  of  the  copper. 

A  mixture  of  100  parts  of  slightly  moist  cuprous  chloride,  65  parts 
limestone,  and  10  parts  coke  was  melted  in  a  No.  50  graphite  crucible  and 
the  melt  poured  into  a  sand  mold.  The  button  assayed  97  per  cent,  and 
the  slag  0.88  per  cent.  Cu;  93.1  per  cent,  of  the  copper  was  recovered  in 
the  button  and  1.4  per  cent,  in  the  slag,  making  a  total  recovery  of  94.5 
per  cent.  The  slag,  which  carried  86  per  cent,  of  the  original  chlorine  in 
the  cuprous  chloride,  and  assayed  35  per  cent.  CI,  was  leached  for  2  hr. 
with  warm  water;  56.6  per  cent,  was  soluble  and  the  residue  assayed  1.6 
per  cent.  CI.  This  indicated  a  recovery  of  98.7  per  cent,  of  the  chlwine 
in  the  slag  and  84.9  per  cent,  of  the  original  chlorine  in  the  cuprous  chlo- 
ride. This  recovery  was  probably  low,  due  to  loss  of  slag  in  cleaning  up. 
The  insoluble,  consisting  mostly  of  lime  and  carrying  some  copper,  settled 
readily  and  could  be  worked  up  in  the  smelter  process  for  its  copper  value 
without  trouble. 

Briquettes  were  made  of  a  mbtture  of  100  parts  moist  cuprous  chloride, 
75  parts  limestone,  10  parts  coke,  and  5  parts  cement,  by  hand  pressure, 
and  with  a  testing  machine  at  2,500  to  5,000  lb,  per  square  inch,  in  a  die 
3  in.  in  diameter.  Excellent  briquettes  resulted  in  all  cases,  assaying 
about  26  per  cent.  Cu.  A  charge  of  briquettes  was  melted  down  in  a 
small  reverberatory  about  12  in.  wide  and  20  in.  long,  using  the  flame  of 
an  oil  burner  for  heating;  94.1  per  cent,  of  the  copper  was  recovered,  87.6 
per  cent,  in  a  button  and  6-5  per  cent,  in  the  slag.  A  charge  of  briquettes 
was  also  fused  in  a  small  cupola;  93.9  per  cent,  of  the  copper  was  accounted 
for,  90. S  per  cent,  in  the  button,  which  assayed  96.1  per  cent,  Cu,  and  3-1 
per  cent,  in  the  slag,  which  assayed  1.65  per  cent.  Cu. 

In  all  cases  there  was  considerable  fume  given  off  and  the  fiame  had  a 
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characteristic  bluish  color.  It  ia  very  probable  that  with  a.  suitable 
installation  95  per  cent,  of  the  copper  could  be  recovered  in  metallic  form 
and  in  the  slag,  and  that  75  per  cent,  of  the  volatile  copper  could  be  caught 
in  a  Cottrell  treater  or  a  milk  of  Lime  absorption  tower. 

Electrolytic  Rediiction 

The  reduction  of  the  copper  from  cuproua  chloride  by  electrolysis 
requires  only  one-half  the  current  which  would  be  required  to  precipitate 


Fia.  6. — Plan  and  CRoss-ancTioN  of  6-in.  Reduction  Cell. 

it  from  the  cupric  form.  However,  it  is  difficult  mechanically,  because 
the  cuprous  chloride  is  a  solid  and  the  strongly  oxidizing  gases  given  off 
at  the  anode  must  not  come  in  contact  with  it.  This  makes  necessary 
the  use  of  a  horizontal  diaphragm  cell  and  a  circulating  depolarizing  solu- 
tion. The  solution  resulting  from  the  S0»  precipitation  after  the  cuprous 
chloride  settles  out  is  strongly  reducing  and  makes  an  admirable  depolariz- 
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ing  solution,  which  on  oxidation  gains  the  equivalent  of  about  |  lb.  of 
sulphuric  acid  per  pound  of  copper  reduced.  This  makes  the  combination 
of  this  method  with  the  SOi  precipitation  method  very  attractive.  The 
early  eTtperimenta  were  made  in  a  cell  6  in.  square,  shown  in  plan  and  sec- 
tion in  Fig.  6.  It  consisted  of  a  wooden  box  (a)  with  a  copper-plate 
bottom;  a  tray  (b)  with  wooden  sides  and  a  sheet-copper  bottom;  a  canvas 
diaphragm;  a  graphitized  carbon  anode;  and  intake  and  outlet  pipes  for 
the  depolarizing  solution.  The  cuprous  chloride,  filtered  and  washed, 
was  mixed  with  about  10  per  cent.  NaCl,  which  made  it  thin  enough  so 
it  could  be  readily  poured  into  the  tray.  The  reducing  solution  was  cir- 
culated until  there  was  a  noticeable  smell  of  chlorine  from  about  theanode. 
As  the  run  approached  completion  there  was  considerable  evolution  of 
gas  from  under  the  diaphragm.  Part  of  the  copper  was  deposited  firmly 
adhering  to  the  starting  sheet  and  part  in  a  loose  form.  The  data  of  one 
of  these  runs  were: 

Depth  of  cuprouB  chloride,  inches 2.0 

Average  amperage. 3.32 

Average  voltage 2.67 

Current  denaity,  amperes  per  square  foot 19. 14 

Theoretical  wipper  deposited,  grams 537.4 

Copper  actuiJly  deposited: 

Adhering  to  starting  sheet,  grams 225.2 

Loose,  grams 229.0 

Assay  of  copper: 

Adhering  to  starting  sheet,  per  cent 99.56 

Loose,  per  cent 07.03 

Pure  copper  deposited,  grams 446.4 

Current  efficiency,  per  cent 83.06 

Power  consumption  per  pound  of  copper,  kw-br 0.615 

Volume  depolarizing  solution,  liters 15,27 

Average  acidity  of  head  solution,  per  cent.  H1SO4 5.23 

Average  acidity  of  tail  solution,  per  cent.  H^Oi 6.97 

A  combination  of  three  cells  similar  to  those  shown  in  Fig.  T'was  then 
tried.  Graphitized  carbon  immersed  electrodes  were  used,  the  anode 
of  one  cell  serving  as  the  cathode  of  the  one  above  it.  Each  cell  had  its 
own  circulating  arrangements. 

The  data  of  the  run  were: 

Inside  dimensions  of  trays,  inches 1  by  4  by  4 

Depth  of  cuprous  chloride,  inchee 1.0 

Total  time  of  passing  current,  hours 36. 16 

Average  amperage 2.41 

Average  voltage 7.46 

Average  voltage  per  cell 2.49 

Current  density,  amperes  per  square  foot 21.72 

Theoretical  amount  of  copper  deposited,  grams 620. 1 
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Copper  depoaited: 

Adhering  to Marting  sheet,  grama 256.0 

Loose,  grama 193.7 

Assay  ot  copper: 

Adhering  to  starting  sheet,  per  tent 95. 18 

Loose,  per  cent 94 .  04 

Pure  copper  deposited,  grams 425.8 

Current  efficiency,  per  cent 68.66 

Kw-hr.  per  pound  of  copper 0.69S 

Volume  depolarizing  solution,  liters 18.74 

Avg.  acidity  head  depolarizing  solution,  per  cent.  H,SOi.  4.07 

Avg.  acidity  tail  depolarizing  solution,  per  cent.  HjSOi.  5.64 


Fia.  7, — Plan  a 

It  was  thea  decided  to  try  the  method  on  a  larger  scale.  Ten  cells 
as  shown  ia  Fig.  7  were  built  and  set  in  a  frame  so  that  a  cell  would  slide 
out  from  over  the  one  below  it,  exposing  the  tray  of  the  lower  cell  for 
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fiUii^  or  removal.  The  cells  were  set  on  an  incliae  of  f  in.  to  the  foot, 
the  overfiow  bide  being  the  high  side.  This  made  unnecessary  the  use  of 
a  dam  on  the  overflow  side  to  bring  the  solution  in  contact  with  the  anode 
surface. 

Ab  yet  the  cell  haa  not  been  worked  out  to  an  entirely  satisfactory 
basis,  but  it  seems  capable  of  development. 
Conduaion 

At  present  it  seems  advbable  to  precipitate  the  copper  directly  from 
the  copper  solutions  of  the  2,000-ton  sands-leaching  plant  with  sponge 
iron.  The  precipitation  of  the  copper  from  such  solutions  with  sponge 
iron  la  being  worked  out  and  promisee  to  be  simple.  Until  the  leaching 
process  is  estabUshed  on  a  definite  operating  basis  it  does  not  seem  advis- 
able to  introduce  a  comphcated  precipitation  method. 

The  acid  plant  now  building  will  have  ample  capacity  for  the  first 
2,000-ton  Leaching  unit.  When  the  time  comes  to  build  further  units, 
the  installation  of  an  SOj  precipitation  plant  will  depend  on  considerations 
of  first  cost  of  acid  and  precipitation  plants,  cost  of  operation  and  otiier 
factors  which  undoubtedly  will  develop. 
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Smeltiiig  Lead  Ores  in  the  Blast  Furnace 
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(Skit  L«ka  Meetlni,  Auaiut,  1914) 

During  the  post  15  years  in  this  country  there  have  been  few  additions 
to  the  Uterature  of  lead  smelting.  After  the  consolidation  of  the  principal 
smelting  companies  at  the  beginning  of  this  period  it  became  the  policy 
of  the  larger  company  not  to  permit  the  pubhcation  of  details  in  regard 
to  many  of  its  metallurgical  processes.  This  led  to  similar  action  on  the 
part  of  some  of  its  competitors.  The  result,  of  course,  was  a  decided 
decrease  in  the  number  of  papers  written  upon  the  practical  side  of  the 
subject.  Even  upon  the  theoretical  side  the  contributions  have  been 
few.  It  would  seem  that  the  industry  as  a  whole  has  suffered  from  this 
general  unwillingness  to  exchange  information.  While  it  is  true  that  a 
given  company  is  entitled  to  the  reward  that  may  come  from  its  own 
development  of  a  new  process,  it  is  also  true  that  a  still  greater  reward 
might  be  the  result  of  a  free  exchange  of  ideas  with  other  plants.  This 
principle  has  been  recc^nized  for  a  long  time  in  other  metallurgical  in- 
dustries, notably  those  engaged  in  the  smelting  of  iron  and  themanufacture 
of  steel.  It  is  pleasing  to  note  that  the  leading  lead-smelting  company 
has  very  recently  decided  to  modify  its  policy  of  secrecy,  and  to  permit 
the  publication  of  papers  covering  some  details  of  its  metallurgical 
methods. 

The  statement  has  been  made  that  there  has  been  but  little  progress 
ID  lead  smelting  during  the  period  just  referred  to.  This  impression 
is  due  in  part  to  the  scarcity  of  papers  written  on  the  subject.  There 
has  been,  it  is  true,  some  discussion  of  the  new  sintering  processes,  but 
with  little  reference  to  detail,  and  to  the  effect  that  blast  roasting  has  had 
upon  the  industry  as  a  whole.  In  spite  of  the  prevailing  belief,  it  may  be 
said  that  lead  smelting,  in  common  with  other  metallurgical  industries, 
has  made  steady  and  substantial  progress. 

It  is  the  purpose  of  the  present  paper  to  discuss  briefly  some  features 
of  the  industry  as  it  is  now  conducted,  with  special  reference  to  the 
hlast-fumace  practice  in  the  larger  silver-lead  smelting  plants  of  the 
United  States  and  Mexico. 
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It  is  generally  conceded  that  the  greatest  advance  made  in  lead  smeltr 
ing  in  recent  years  has  been  eEFected  by  the  introduction  of  the  various 
sinter-roasting  processes.  The  past  decade  has  witnessed  the  practical 
abandonment  of  hand  roasting,  and  of  mechanical  roasting  in  which  the 
product  is  not  eventually  sintered.  As  will  be  shown  later,  this  im- 
provement has  greatly  increased  the  efficiency  of  the  blast  furnace,  both 
as  regards  tonnage  and  as  to  the  character  of  the  work  done. 

Second  in  importance  has  been  the  general  adoption  of  mechanical 
methods  in  the  handling  of  materials.  The  labor  problem  has  always  been 
a  serious  one  in  theindustry.  Owing  to  the  comparatively  small  tonnages, 
the  great  variety  of  ores,  the  necessity  of  careful  beddii^  and  mixing, 
and  the  delicacy  of  the  various  metallurgical  processes,  it  has  never  been 
possible  to  do  away  with  hand  labor  to  the  extent  that  it  has  been  ac- 
complished in  iron  and  copper  smelting.  Biit  a  great  deal  has  been  done 
in  this  direction,  and  further  improvements  are  being  considered. 

The  agitation  in  many  locahties  against  smelter  smoke,  as  well  as  a 
more  careful  study  of  fume  losses,  has  led  to  the  construction  of  hag 
houses  at  a  number  of  smelting  and  refining  plants.  These  bag  houses 
have  not  only  effected  a  saving  of  values,  but  have  thrown  considerable 
light  upon  the  whole  subject  of  metal  losses.  Th^  have  added  new 
problems  as  well,  because  of  the  large  amount  of  volatile  by-products 
collected  by  them. 

There  has  been,  also,  an  increase  in  the  size  of  the  blast  furnaces 
and  of  other  equipment  employed  in  lead  smelting.  The  increase  has  been 
moderate,  however,  and  there  have  been  no  radical  changes,  either  in  size 
or  in  general  arrangement.  In  this  connection  it  may  be  said  that  the 
opportunities  for  experimenting  along  these  lines  by  the  average  metal- 
lurgist are  limited.  Most  companies  are  unwilling  to  stand  the  exp^ise 
of  conducting  experiments  on  a  large  scale.  Even  when  the  money  is 
forthcoming  the  difficulties  in  the  way  of  testing  properly  a  large  blast 
furnace,  for  example,  are  great.  It  has  been  the  general  practice  to  in- 
crease the  size  of  blast  furnaces  at  new  plants,  or  at  plants  that  are  being 
rebuilt,  and  in  these  cases  the  other  equipment  can  be  constructed  to 
conform. 

Let  us  now  consider  some  of  the  details  of  present-day  practice: 

The  blast  furnace  is  the  central  feature  of  a  smelting  plant.  The 
buildings  and  equipment  should  be  constructed  with  the  idea  of  serviim 
the  blast  furnaces  economically  and  efficiently.  That  this  is  not  the  case 
in  some  plants  is  a  well-known  fact,  and  is  partly  responsible  for  their 
reputation  for  conservatism. 

As  intimated  above,  there  has  not  been  much  change  in  the  construc- 
tion of  the  lead  blast  furnace  in  recent  years.  At  the  present  time  the 
maximum  length  of  the  furnaces  that  are  used  in  this  country  is  200  in. 
at  the  tuyere  level,  and  the  maximum  width,  48  in.     At  most  of  the  huge 
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smelting  plants  the  length  varies  from  136  to  160  in.,  and  the  width, 
from  42  to  46  in.  So  extreme  a  widt  has  62in.,  as  in  some  foreign  countries 
has  not  found  favor,  in  the  United  States.  A  width  of  less  than  48  in.  is 
preferred  by  some  because  of  their  belief  that  hotter  slaga  are  produced. 

The  angle  of  the  bosh  has  been  the  subject  of  considerable  oontro-  - 
versy,  as  well  as  of  experimenting.  With  the  furnace  charge  constituted 
aa  at  present  at  most  plants,  the  weight  of  experience  is  decidedly  in 
favor  of  a  moderate  bosh.  At  a  plant  with  which  the  writer  is  familiar 
the  furnaces  were  built  with  a  20°  bosh,  so  that  the  width  at  the  top  of 
the  6-ft,  jackets  was  84  in.,  or  36  in.  greater  than  at  the  tuyere  level. 
Whenever  a  furnace  was  blown  in,  and  for  some  time  thereafter,  it  was 
noticed  that  there  was  a  tendency  for  the  charge  to  hang  at  the  bosh, 
and  to  descend  irregularly.  The  assays  of  the  slags  and  mattes  were 
usually  higher  than  those  of  the  furnaces  longer  in  blast.  After  a  week 
or  two  the  furnace  work  would  b^in  to  improve,  and  later  would  become 
normal.  On  blowing  out  a  furnace,  after  a  campaign,  it  was  almost 
invariably  observed  that  the  space  on  each  side  of  the  furnace  above 
the  bosh  had  been  filled  in  with  partly-fused  charge,  changing  the 
furnace  lines  so  as  to  form  a  gently  flaring  shaft  60  in.  wide  at  the  top 
of  the  jacket,  or  with  a  flare  of  about  1  in.  to  the  foot  on  each  side.  The 
furnace  had  thus  accommodated  itself  to  the  descending  charge,  and, 
as  stated,  better  work  was  done  aa  a  consequence.  The  extra  width  of 
the  furnace  above  the  bosh  was  not  only  useless,  but  detrimental.  With 
the  furnace  charges  as  they  are  now  prepared  and  until  the  fusion  zone 
is  reached  there  is  but  little  contraction  in  volume  as  they  descend 
in  the  shaft.  There  is  also  a  much- more  rapid  movement  of  the  charge. 
In  addition,  the  narrower  shaft  insures  a  better  distribution  of  the 
ingredients  of  the  charge,  and  as  a  rule  produces  hotter  slags. 

The  tuydres  are  usually  spaced  16  in.  apart  from  center  to  center 
and  have  openings  varying  from  2j  to  4  in.  in  diameter.  On  this  point 
of  tuySre  area  there  is  considerable  difference  of  opinion.  With  coarse 
chaises,  wide  furnaces,  and  the  comparatively  low  blast  pressures 
now  used,  there  b  a  tendency  to  employ  a  smaller  tuyere  opening,  in  order 
to  give  a  better  penetration  to  the  blast.  With  a  tight  charge  and  high 
blast  pressure  the  question  of  tuyfere  area  is  not  so  important. 

The  proper  height  of  the  charge  column  is  a  matter  that  depends  very 
largely  upon  the  physical  character  of  tte  materials  of  which  it  is  com- 
posed. There  has  been  a  reaction  from  the  low  column  formerly  used, 
because  of  the  flue-dust  and  fume  losses,  and  of  the  excessive  speed,  which 
often  results  in  foul  slags  and  mattes.  On  the  other  hand,  a  very  high 
column  has  been  found  to  decrease  the  furnace  speed  and  to  increase  the 
tendency  for  the  fire  to  creep  up  in  the  shaft.  In  the  large  furnaces  now 
in  use  the  charge  is  usually  maintained  at  a  height  of  from  15  to  18  ft. 

The  water  jackets  are  now  commonly  made  of  soft  steel.    While 
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their  cost  is  greater  than  that  of  cast-iron  jackets,  they  last  long^  and 
can  be  easily  repaired  when  damaged.  To  avoid  burning,  caused  by  the 
accumulation  of  mud  and  scale  in  the  bottom  of  the  jackets,  they  are 
washed  out  at  r^uiar  intervals.  In  a  late  improvement  the  bottom  of 
.the  jacket,  instead  of  being  horizontal,  is  inclined  at  an  angle  toward 
the  outside  of  the  furnace,  thus  throwing  the  scale  and  mud  away  from 
the  fire  sheet.  Burned  jackets  are  often  the  result  of  irregularities  in  the 
furnace  work. 

At  the  larger  plants  hand  feeding  of  the  furnaces  has  been  generally 
superseded  by  mechanical  feeding;  that  is,  the  chaise  is  dropped  from 
a  car  which  is  run  over  the'  furnace  top.  The  car  discht^es  either 
from  the  center  or  from  each  side.  In  either  case  the  furnace  is  provided 
with  what  are  known  as  "spreaders."  These  spreaders  serve  to  throw 
the  charge  toward  the  sides  of  the  furnace,  thus  distributing  a  large 
proportion  of  the  fine  ore  along  the  sides,  while  the  coarser  parts  of  the 
charge  roll  toward  the  middle  line  of  the  furnace.  The  natural  tendency 
of  the  blast  being  to  follow  the  sides  of  the  shaft,  it  is  counteracted  in  this 
way.  There  are  few  things  in  lead  smelting  that  have  given  the  metal- 
lurgist more  concern  than  this  {foint  of  securing  a  proper  distribution  of 
the  charge  in  the  furnace.  It  is  difficult  to  secure  the  right  adjustment. 
Often  it  can  be  obtained  only  after  repeated  trials.  To  get  the  best 
results  there  must  be  taken  into  consideration  the  character  of  the  charge, 
the  size  and  shape  of  the  furnace,  the  height  of  the  charge  column,  and 
the  construction  of  the  car.  It  is  one  of  the  proofs  of  the  sensitive  nature 
of  lead  smelting  that  a  slight  modification  of  the  spreading  devices  often 
affects  profoundly  the  tonnage  and  efficiency  of  the  furnace.  Im}N-oper 
feeding  often  neutralizes  the  effect  of  good  work  in  all  the  other  de- 
partments of  the  plant. 

The  preparation  of  the  furnace  charge  is  an  important  feature  in  the 
operation  of  a  lead-smelting  plant.  Every  lead  metallurgist  knows  that 
the  efficiency  of  the  blast  furnace  is  very  largely  depend^t  upon  the 
physical  character  of  the  charge.  It  is  a  difficult  problem  to  prepare  a 
charge  that  will  smelt  rapidly  and  also  produce  clean  slags  and  mattes, 
and  that  is  the  reason  why  it  is  so  difficult  to  introduce  satisfactory 
methods  for  the  mechanical  handling  of  ores  and  by-products.  It  is  this 
that  makes  lead  smelting  so  widely  different  from  iron  and  copper  smelting. 

The  elimination  of  the  greater  portion  of  the  fines  from  the  furnace 
chaise  has  long  been  considered  one  of  the  essentials  of  good  work.  In 
order  to  avoid  the  evil  effects  of  a  tight  charge  it  was  formerly  the  custom 
at  some  plants  to  screen  the  oxidized  ores,  and  then  briquette  the  fine 
with  flue  dust,  slime,  concentrate,  and  fine  roasted  ore  from  themechanical 
roasters.  The  product  of  the  hand  roasters  ordinarily  was  not  briquetted. 
But  briquetting  is  an  expensive  process,  and  the  briquettes  made  were 
often  so  friable  that  they  fell  to  powdw  in  the  upper  part  of  the  blast 
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furnace.  However,  something  had  to  be  done  with  the  excessive  amount 
of  fine  material  that  had  to  be  smelted,  and  briquetting  was  considered 
a  necessary  evil.  The  practice  undoubtedly  increased  the  furnace  speed 
and  efficiency,  but  it  was  often  carried  to  excess. 

As  noted  at  the  beginning  of  this  paper,  probably  the  greatest  ad- 
vance made  in  lead  smelting  in  recent  years  has  been  the  general  in- 
troduction of  blast-roasting  processes,  such  as  the  Huntington-Heberlein 
and  the  Dwight-Lloyd.  In  these  processes  roasting  and  sintering  are 
accomplished  in  one  operation,  giving  a  product  that  greatly  increases 
the  capacity  and  efficiency  of  the  blast  furnace  in  which  it  is  smelted. 
Sintering  pots  and  machines  have  largely  replaced  the  old-fashioned 
roasters  and  the  briquetting  presses.  The  common  practice  is  to  sinter 
a  mixture  conusting  of  oxidized  fines,  siliceous  sulphides,  concentrate, 
slime,  and  pre-roasted  ores  high  in  sulphur.  Almost  any  fine  ore  can  be 
used,  provided  the  sulphur  of  the  entire  mixture  does  not  exceed  or  fall 
below  a  certain  figure,  which  usually  varies  from  12  to  14  per  cent. 
Ordinarily  only  high-sulphur  ores  and  lead  mattes  are  subjected  to  a  pre- 
roasting.  In  the  latest  practice  this  is  done  in  Wedge  mechanical  roasters, 
in  which  a  large  tonnage  can  be  roasted  to  almost  any  desired  degree  of 
oxidation,  using  practically  no  fuel.  The  sintering  processes  enable  the 
lead  metallui^ist  to  handle  cheaply  and  satisfactorily  nearly  all  the  classes 
of  fine  material  with  which  he  has  to  deal,  except  flue  dust.  This  latter 
product  usually  interferes  with  the  sintering  process,  and,  in  the  opinion  of 
the  writer,  should  be  briquetted.  If  a  smelting  plant  be  properly  con- 
ducted  the  amount  of  flue  dust  made  will  be  small.  By  using  a  mixture 
of  roaster  and  blast-furnace  flue  dust  usually  a  self-binding  material  can 
be  obtained.  It  is  also  sometimes  advisable  to  briquette  high-grade 
concentrate,  rather  than  to  subject  it  to  the  sintering  process.  It  is 
hardly  necessary  to  condemn  the  practice  of  simply  wetting  flue  dust  and 
then  charging  it  into  the  blast  furnace.  Yet  this  was  done  only  a  few 
years  ago  at  a  large  plant  in  Mexico. 

The  advantages  of  the  sintered  ore  as  a  material  for  the  blast  fut^ 
naces  are  to  be  found  in  its  coarseness,  its  porosity,  and  in  its  similarity 
in  composition  to  the  general  average  of  the  chaise.  The  latter  is  an 
important  point.  It  is  often  held  that  the  detrimental  effects  of  fines 
on  the  charge  are  largely  mechanical,  such  as  decreasing  the  furnace 
speed,  increasing  the  amount  of  fine  dust  made,  and  causing  the  formation 
of  accretions  and  blow-holes.  As  a  matter  of  fact,  one  of  the  most  seri- 
ous objections  to  fines  is  that  they  cause  irregularities  in  the  forniar 
tion  of  the  slag  and  matte.  The  fines  of  a  charge  naturally  precede 
the  coarse  material  in  getting  to  the  lower  part  of  the  furnace.  This 
is  due  both  to  the  natural  fall  through  the  topenings  in  the  charge  and 
to  the  jigging  effect  of  the  blast.  This  jigging  action  is  sometimes 
considerable.     When  the  first  furnace  of  one  of  the  Mexican  smelting 
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plants  was  blown  in  a  few  years  ago  the  blast  was  supplied  by  a  blower 
delivering  300  cu.  ft.  of  air  per  revolution.  Owing  to  the  size  of  the 
blower  it  was  run  much  below  ita  normal  speed,  causing  the  blast  to  be 
delivered  in  slow  pulsations.  The  furnace  charge  descended  so  ir- 
regularly that  a  satisfactory  slag  could  not  be  made,  and  the  metal 
losses  were  high.  When  more  furnaces  were  blown  in  and  the  speed  of  the 
blower  increased  the  furnace  work  rapidly  improved. 

The  metallurgist  computes  the  slag  and  matte  composition  from  an 
analysis  of  the  entire  charge.  In  order  that  the  slag  and  matte  may  be 
forme.d  quickly  and  uniformly  it  is  necessary  that  all  of  the  constituents 
of  the  charge  should  be  well  mixed  and  arrive  at  the  fusion  zone  of  the 
furnace  at  approximately  the  same  time.  If  they  do  not  arrive  at  the 
same  time  it  is  evident  that  at  any  given  moment  some  ingredient  of  the 
slag  and  matte  to  ht  produced  will  be  either  too  much  or  too  little.  As 
nearly  as  possible  all  of  the  reactions  involved  in  the  slag  and  matte 
formation  should  take  place  simultaneously.  The  heat  due  to  these 
reactions  is  thus  evolved  in  the  shortest  possible  time.  Irregularities 
are  almost  sure  to  occur  when  the  fines  of  the  charge  differ  greatly  in 
composition  from  the  rest  of  the  mixture,  as  when  lead  carbonates  and 
sulphides,  raw  iron  sulphides,  and  limonite  ore  are  used  as  fiux.  Finely 
divided  lead  ore  is  particularly  bad ;  much  of  it  is  imperfectly  reduced  and 
thus  goes  in  part  into  the  matte  and  sla£.  On  the  other  hand,  a  portion 
of  the  lead  carbonate  fine  is  reduced  too  soon,  and  the  upward  rush  of  the 
blast  carries  small  particles  of  metal  to  the  upper  part  of  the  furnace, 
when  they  again  combine  with  oxygen  or  sulphur,  forming  accretions,  or 
going  into  the  dust  chamber.  Shaft  accretions  always  contain  a  large 
proportion  of  lead  sulphide,  even  though  the  charge  be  almost  free  from 
galena.  If  the  fines  consist  largely  of  lead  and  zinc  sulphides  the  reduc- 
tion is  unsatisfactory.  Zinc  sulphide  is  considered  to  be  about  the  worst 
mineral  with  which  the  lead  metallurgist  has  to  deal.  It  is  the  only 
sulphide,  ordinarily  met  with,  that  does  not  alloy  in  all  proportions  with 
the  other  sulphides  found  in  lead  mattes.  When  present  in  considerable 
quantity  it  floats  on  top  of  the  matte,  formmg  apasty  scum  and  prevent- 
ing a  good  separation  of  the  matte  and  slag.  Poor  roasting  is  almost  in- 
variably followed  by  poor  work  in  the  blast  furnace.  Insufficiently  roasted 
ore  usually  contains  an  undue  proportion  of  lead  and  zinc  sulphides,  owing 
to  the  fact  that,  in  any  roasting  process,  these  two  sulphides  are  the  last 
to  be  oxidized.  The  writer  is  familiar  with  a  case  where  a  pyrite  con- 
centrate containing  a  large  percentage  of  zinc  was  subjected  to  a  pre- 
liminary roasting  in  a  Wedge  furnace  sufficient  to  oxidize  nearly  all  of  the 
iron.  An  analysis  of  the  product  showed  that  over  90  per  cent,  of  the 
zinc  contents  remained  as  sulphide.  Tests  have  shown  that  even  in  well- 
roasted  Dwight-Lloyd  sinter,  low  in  zinc,  nearly  half  of  the  zinc  is  present 
as  sulphide.    Asthe  fine  produced  in  the  sintering  processes  contain  most 
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of  the  unaltered  sulphides,  it  can  be  seen  how  important  it  is  to  keep  it  as 
low  as  possible. 

The  reduction  of  lead  and  silver  from  sulphides  is  effected  mainly 
by  metallic  iron  and  by  the  well-known  reactions  between  oxides  and  sul- 
phides, and  between  sulphides  and  sulphates.  The  direct  reducing  ac- 
tion of  the  coke  is  small,  except  in  the  case  of  carbonates.  It  is  evident, 
therefore,  that  to  obtain  the  best  reducing  action  the  lead  and  silver 
bearing  portion  of  the  charge  must  be  in  close  proximity  to  all  of  the 
other  principal  ingredients.  At  one  of  the  Mexican  smelting  plants  some 
years  ago  the  furnace  charges  were  made  up  largely  of  coarse  siliceous 
ores,  coarse  lime  rock  and  limy  ores,  and  iron-lead  carbonates  containing 
a  lai^e  percentage  of  fines.  Blast-furnace  flue  dust,  and  raw  lead  concen- 
trates and  pyrite  ores  were  frequently  added.  The  smelter  had  no 
sintering  plant  and  no  briquetting  press.  The  charge  as  a  whole  was 
very  open,  as  was  indicated  by  the  low  blast  pressure  for  a  given  volume 
of  air.  Yet  the  tonnage  smelted  was  low  and  the  lead  losses  high.  The 
furnaces  ran  irregularly  and  there  were  continual  crucible  troubles. 
The  fine  of  the  lead  and  iron  ore,  the  concentrate  and  the  flue  dust,  sifting 
down  through  the  charge,  were  the  first  to  reach  the  fusion  zone,  thus 
destroying  the  adjustment  of  conditions  necessary  to  good  work.  It  was 
found  that  by  crushing  the  lime  ores  and  adding  siliceous  fines  to  the 
charge  a  material  improvement  in  the  results  could  be  effected.  In 
Pueblo,  Colo,,  at  one  time  it  was  a  common  occurrence  for  finely  divided 
Cripple  Creek  ore  to  pass  unfused  into  the  slag.  The  fine  was  refractory 
and  fed  in  large  quantity.  The  furnace  tonnage  was  low.  It  should 
be  stated  that  careful  assays  showed  that  the  gold  tellurides  had  been 
thoroughly  leached  out  of  the  unsmelted  ore. 

The  best  illustration  of  the  disadvantage  of  using  fines  is  to  be  found 
in  the  present  practice  in  matte  concentration.  Formerly  it  was  the 
custom  at  all  plants  to  calcilie  the  first  matte  in  hand  roasters.  The 
product  was  rather  fine,  although  pretty  free  from  dust.  The  charge  for 
concentrating  this  to  a  high-grade  matte  was  prepared  by  mixing  the 
roasted  matte  with  coarse  siliceous  ore  and  coarse  lime  rock.  Chemically 
considered,  the  charge  could  not  have  been  better,  yet  the  furnace  work 
was  poor.  The  tonnage  was  usually  low,  and  the  mattes  and  slags 
high  in  lead.  There  was  a  considerable  reduction  of  metallic  copper, 
with  resulting  crucible  troubles.  Often  no  attempt  was  made  to  keep 
the  lead-well  open,  and  the  lead  was  run  out  with  the  slag  and  matte. 
Sometimes  the  anomaly  would  be  presented  of  a  copsiderable  formation 
of  speiss,  as  indicated  by  the  assays  of  the  slag  and  matte,  in  spite  of  poor 
reduction.  The  fine  roasted  matte  descended  irregularly  through  the 
charge  and  was  partly  reduced  before  it  could  react  properly  with  the 
silica  and  lime  rock.  The  present  practice  in  matte  concentration  at  the 
more  advanced  smelters  is  to  pre-roast  the  matte  and  then  sinter  it  with 
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siliceous  fines.  This  gives  a  coarse,  fairly  neutral  product  which  with 
the  lime  rock  and  siliceous  ore  descends  uniformly  in  the  furnace  and 
causes  no  segregation  at  the  fusion  zone.  The  result  is  that  the  speed  and 
reduction  of  the  matte-concentration  furnaces  are  often  better  than  is  the 
case  with  the  furnaces  smelting  ore.  Using  sintered  matte  the  writer 
has  seen  concentration  furnaces  run  steadily  month  after  month,  produc- 
ing clean  matte  and  slag,  making  but  little  speiss  and  metallic  copper, 
and  having  no  crucible  trouble. 

There  must  be  a  certain  amount  of  fine  material  on  the.  charge,  other- 
wise this  is  90  open  as  to  cause  too  rapid  smelting  and  insufficient  reduction. 
The  fines  should  be  of  the  same  general  composition  as  the  rest  of  the 
charge.  Segregation  of  doarse  and  fine  material  would  not  then  result 
in  irregularity.  Sufficient  fines  for  this  purpose  are  usually  obtained  in 
connection  with  the  various  sintering  processes. 

The  larger  pieces  of  the  different  ingredients  of  the  charge  should  be 
crushed  to  a  fairly  uniform  size.  Oxidized  ores  are  now  ordinarily 
sampled  mechanically,  and  according  with  previous  crushing.  Lime  rock, 
sintered  ore,  and  return  sl^  are  often  fed  in  larger  razes,  but  better  results 
are  secured  by  moderate  orushii^. 

It  is  also  now  recognized  that  thoroi^h  mixing  of  the  charge  is  con- 
ducive to  the  best  furnace  work.  In  the  old  days  stress  was  sometimes 
placed  upon  the  necessity  of  feeding  the  ore,  flux,  fine,  and  slag  in  layers. 
With  the  mechanical  feeding  now  in  general  use  such  a  practice  would 
be  impossible,  even  were  it  desirable.  The  better  the  mixing  the  more 
rapid  and  efficient  will  be  the  smeltii^.  This  principle  has  never  been 
questioned  in  making  a  crucible  fusion  in  the  assay  'furnace,  and  the 
blast  furnace  is  simply  a  crucible  on  a  lai^e  scale.  The  reactions  taking 
place  in  it  are  practically  the  same  as  those  occurring  in  the  crucible. 
In  the  blast  furnace  we  attempt  to  correct  the  disturbing  effect  of  the 
moving  charge  column  and  the  upward  rush  of  the  blast  by  adopting  the 
methods  of  preparation  which  have  been  described. 

The  use  of  sintered  ore  in  the  lead  blast  furnace  has  proved  so  success- 
ful that  at  least  one  plant,  that  of  the  International  Smelting  &  Refijung 
Co.,  at  Tooele,  Utah,  has  adopted  the  plan  of  sintering  a  large  proportion 
of  the  total  blast-furnace  charge.  The  tonnage  of  the  blast  furnaces 
is  high,  but  little  information  as  to  the  metal  recoveries  has  been  published 

Dwight-Lloyd  sintering  machines  are  used.  These  machines  un- 
doubtedly represent  the  most  advanced  tjrpe  of  sintering  apparatus.  It 
has  been  urged  against  them  that  they  are  extremely  sensitive.  That  is 
true;  but  it  is  also  true  of  the  blast  furnace.  In  both  cases  the  work  is 
continuous  and  there  must  be  a  constant  adjustment  of  the  conditiiHis 
necessary  to  good  results.  In  the  sintering  process  the  sulphur  must  bo 
maintained  within  rather  narrow  limits.  In  addition,  the  crushing,  mix- 
ing, moistening,  and  feeding  of  the  charge  demand  close  attention.    The 
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working  out  of  the  mechamcal  details  in  connection  with  the  process  has 
been  a  difficult  problem,  and  no  doubt  further  improvements  will  be 
made.  Most  of  the  inferior  results  ascribed  to  the  Dwight-Lloyd  process 
can  be  attributed  to  the  defective  aupervision  and  to  irr^ularities  in  the 
feed. 

To  offset  the  troubles  caused  by  frozen  ore  and  concentrates  various 
methods  for  thawing  have  been  devised.  In  severe  climates  this  becomes 
quite  a  problem,  and  much  remans  to  be  done  before  it  ia  satisfactorily 
worked  out. 

The  chemical  composition  of  the  slags  produced  has  always  been  an 
important  point  in  lead  smelting.  In  recent  years,  however,  the  views 
of  metallurgists  in  general  upon  the  subject  have  been  considerably  modi- 
fied. Experience  has  shown  that  many  of  the  irregularities  in  furnace 
work,  formerly  thought  to  be  due  to  the  composition  of  the  slag,  are  the 
results  of  other  causes.  Laboratory  experiments  have  thrown  some  light 
upon  the  constitution  of  lead  slags.  It  is  now  known  that  these  slags, 
instead  of  being  definite  chemical  compounds,  are  in  reaiity  mixtures 
of  a  number  of  compounds  and  oxides,  probably  eTtisting  in  a  different 
state  of  combination  while  in  the  molten  condition  than  when  solidified. 
These  compounds  can  exist  in  a  great  variety  of  proportions  without 
materially  changing  the  fusibility  or  fluidity  of  the  slag.  It  is  recognized, 
also,  that  certain  oxides,  such  as  those  of  aluminum  and  zinc,  may  not  be 
combined  with  silica  at  all,  but  may  be  in  igneous  solution  in  the  slag. 

The  physical  properties  of  the  slag  are  dependent  upon  the  iiumber 
and  kind  of  its  variouB  components,  but,  within  reasonable  limits,  there 
is  not  so  much  variation  as  was  formerly  supposed.  The  present-day 
practice  is  to  place  more  emphasis  upon  the  questions  of  temperature 
and  fluidity.  No  slag,  no  matter  what  its  composition,  will  work  well 
if  it  does  not  flow  freely  from  the  furnace  and  does  not  remain  liquid 
long  enough  to  permit  of  a  good  separation  of  the  stag  and  matte.  In 
many  cases  this  is  simply  a  question  of  heat.  With  the  larger  furnaces 
and  the  improved  methods  of  preparing  the  chaise  now  in  use  hotter 
slags  are  produced.  This  has  led  to  the  employment  of  slags  formerly 
conudered  to  be  too  refractory  for  lead-furnace  work.  The  slags  still 
conform  generally  to  the  singuto-silicate  type,  but  often  there  is  a  con- 
siderable proportion  of  bisilicate.  In  selecting  the  proper  sl^  the  metal- 
lurgist is  guided  very  lai^ely  by  commercial  reasons.  In  some  localities, 
for  instance,  where  there  is  a  surplus  of  siliceous  ores,  he  will  make  a  slag 
high  in  silica,  so  as  to  smelt  more  of  the  ore  which  is  most  abundant.  So 
also  he  will  generally  use  as  much  Ume  as  possible,  because  it  is  a  cheaper 
flux  than  iron.  In  this  cotmection  it  may  be  said  that  high-lime  slags 
are  more  in  use  than  they-  were  in  times  past.  The  higher  temperatures 
employed  and  the  lower  zinc  contents  of  the  present-day  charges  have 
made  this  possible.    Of  <;o\)rae  it  \»  generally  held,  also,  that  high- 
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lime  slags  are  beneficial  metallurgically.  The  old  idea  that  lime  and 
iron  oxide  should  exist  in  the  slag  in  certain  definite  molecular  proportions 
has  been  discarded  by  most  metallurgists.  This  so-called  "type  theory" 
was  supported  for  a  long  time,  and  was  considered  by  some  to  be  extremely 
essential.  Theory  and  practice  have  combined,  however,  to  indicate 
that  the  things  to  be  considered  in  adding  lime  to  a  charge  are  the  qu^ion 
of  cost,  and  the  percentages  of  silica,  alumina,  zinc,  and  magnesia  present, 
rather  than  the  ratio  of  the  lime  to  the  iron. 

Ordinarily  all  the  lime  possible  that  will  still  permit  the  slag  to  flow 
readily  will  be  used. 

Lead  slags  are  now  regularly  made  carrying  from  35  to  37  per  cent,  of 
silica  and  from  24  to  26  per  cent,  of  lime,  including  magnesia  and  barium 
oxide  figured  as  lime.  In  these  slags  the  zinc  and  alumina  are  generally 
low.  High-silica  slags  are  usually  considered  as  being  liable  to  coatain  a 
rather  high  percentage  of  lead.  To  some  extent  this  is  true,  but  such  a 
slag  runs  well,  chills  slowly  and  keeps  the  furnace  in  good  condition.  It 
is  conducive  to  long  campaigns.  Furnace  accretions  are  always  ba^c, 
and  high-silica  charges  discourage  their  formation. 

A  discussion  of  slag  composition  naturally  leads  to  a  consideration 
of  the  subject  of  metal  losses.  With  the  introduction  of  bag  houses, 
better  methods  of  sampling,  and  the  general  use  of  the  wet  assay  for  lead, 
a  much  closer  check  can  now  be  made  upon  the  efficiency  of  a  smelting 
plant.  These  refinements  have  shown  that  in  most  cases  the  metal  losses 
are  greater  than  they  were  formerly  supposed  to  be.  They  have  led  the 
metallurgist,  also,  to  modify  his  views  somewhat  as  to  what  constitutes 
a  good,  economical  slag.  Twenty  years  ago  it  was  usually  the  aim  of  the 
lead  metallurgists  to  produce  slags  and  mattes  containing  the  lowest 
possible  percentages  of  the  valuable  metals.  Comparatively  little  atten- 
tion was  paid  to  any  other  feature.  The  evils  of  over-reduction  were 
recognized  by  some,  but  not  very  clearly.  The  character  of  the  work  done 
was  judged  mainly  by  the  slag  and  matte  assays.  About  ten  years  ago  a 
large  smelting  plant  in  Colorado  was  noted  for  the  extremely  olean  slags 
which  it  was  producing.  The  average  lead  content  of  the  waste  slag  for 
one  year  was  0.67  per  cent.  The  mattes  also  were  very  low  in  lead.  The 
metallurgist  congratulated  himself  upon  the  figures.  There  was  no  ba^ 
house,  but  careful  determinations  of  the  lead  smelted  and  recovered  for 
the  period  showed  that  the  lead  losses  really  were  very  high.  This  was 
confirmed  later  by  analyses  of  the  flue  gases.  The  furnace  tonnage  was 
low.  At  another  plant,  operating  upon  the  same  class  of  ores,  the  speed 
of  the  furnaces  was  greatly  increased  by  screening  most  of  the  oxidized 
ores  and  briquetting  the  fine.  The  slags  and  mattes  were  unusually 
clean.  A  low-silica  slag  was  made,  and  a  considerable  production  of 
speiss  showed  a  condition  of  very  strong  reduction  all  the  time.  Yet  the 
lead  losses  were  extremely  high,  as  shoWP  by  the  balance  sheets  at  the  end 
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of  each  month.  The  work  not  improving,  experiments  were  begun  for  the 
purpose  of  determining  the  flue-dust  and  volatilization  losses.  The 
dust  at  the  foot  of  the  blast-furnace  stack  was  found  to  contain  60  per 
cent,  of  lead,  and  analyses  of  the  gases  passing  out  of  the  stack  showed 
where  the  lead  was  going.  The  furnaces  were  low  and  a  high  blast 
pressure  was  maintained  to  force  the  tonnage.  Some  improvement  was 
effected  by  lowering  the  blast  pressure  and  tightening  the  charge.  These 
illustrations  show  that  the  slag  and  matte  assays  are  not  the  only  points 
to  be  considered  in  lead  smelting. 

The  question  of  flue  dust  and  fume  has  always  been  a  difficult  one  for 
the  lead  metallui^ist.  While  bag  houses  are  usually  effective,  they  are 
expensive  to  build  and  to  operate.  Often  they  show  practically  no  profit. 
Collecting,  as  they  do,  all  of  the  volatile  solids,  such  as  arsenic,  cadmium, 
selenium,  and  tellurium,  they  have  introduced  new  problems  into  the 
industry.  In  the  latest  practice  roaster  gases  are  neutralized  and  filtered 
also,  thus  increasing  the  sulphur  and  zinc  contents  of  the  bag-house  fume. 
The  epigram  of  Anton  Eilers,  enunciated  years  ago,  that  "the  best. way 
to  handle  flue  dust  is  not  to  make  any,"  still  holds  good  as  the  ideal  toward 
which  the  metallurgist  should  strive.  Modem  practice  has  succeeded 
in  reducing  the  fiue-dust  and  fume  losses  very  materially.  This  has 
been  the  result  largely  of  the  changes  in  methods  that  have  been  re- 
ferred to. 

At  Midvale,  Utah,  the  blast-furnace  bag-house  dust  formerly  carried 
from  40  to  55  per  cent,  of  lead.  This  has  been  cut  to  an  average  of  under 
20  per  cent.,  on  a  smaller  amount  of  dust.  In  the  meantime  the  arsenic 
has  risen  to  about  40  per  cent. '  The  arsenic  is  eliminated  almost  en- 
tirely through  the  flue  as  sulphide.  Practically  no  speiss  is  made  and 
the  bullion  is  remarkably  free  from  arsenic,  even  though  the  percentage 
of  that  element  is  .high  in  the  charge.  As  this  smelter  is  equipped  with 
an  arsenic  plant  the  lai^e  percentage  of  arsenic  in  the  fume  is  no  disad- 
vantage. Where  there  are  no  facilities  for  collecting  and  refining  arsenic 
it  simply  forms  one  more  undesirable  product  of  the  bag  house. 

The  formation  of  arsenical  speiss  is  an  evil.  It  consumes  iron,  re- 
duces the  furnace  speed,  increases  the  volatilization  of  lead,  causes  trouble 
in  the  crucible  and  settling  boxes,  and  coi^itutes  a  troublesome  by- 
product which  has  to  be  rehandled.  It  is  the  accompaniment  of  low- 
silica  slags,  low  sulphur  in  the  charge,,  and  powerful  reducing  action. 
Its  production  can  be  controlled  in  almost  every  case. 

The  question  of  coke  consumption  in  the  lead  blast  furnace  has  been 
the  cause  of  some  controversy.  The  literature  of  the  subject  is  vague  and 
often  misleading.  It  is  usually  stated  that  a  certain  percentage  of  coke 
is  used  under  certain  conditions.  No  information  is  given  as  to  the 
chemical  and  physical  characteristics  of  the  coke.  Every  metallui^ist 
knows  how  serious  are  the  troubles  caused  by  irregulariti^  in  the  grade 
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of  the  coke.  With  the  chaises  as  now  prepared,  the  main  function  of  the 
fuel  18  to  produce  heat.  The  reducing  action,  except  of  lead  carbonates 
and  iron  oxides,  is  largely  secondary.  But  there  are  other  sources  of 
heat  in  the  charge.  The  oxidation  of  sulphur  and  arsenic,  the  combina- 
tion of  metallic  iron  with  sulphur,  arsenic,  and  oxygen,  and  the  energetic 
reactions  which  take  place  in  the  formation  of  the  matte  and  slag  all 
produce  heat.  The  amount  of  coke  to  be  added,  therefore,  depends  to 
some  extent  upon  the  heat-producing  power  of  the  charge  itself.  In 
addition,  there  must  be  considered  the  chemical  and  physical  constitution 
of  the  coke,  the  physical  condition  of  the  charge,  the  temperature  of  the 
atmosphere,  the  amount  of  moisture  in  the  charge  and  in  theair,  the  condi- 
tion of  the  furnace,  and  the  composition  of  the  slag.  There  must  be 
sufficient  fuel  to  produce  a  hot,  easily  running  elag.  Experiments  have 
shown  that  considerable  lead  and  silver  can  be  separated  from  some  slags 
by  simply  subjecting  them  to  a  very  high  temperature.  This  causes  a 
still  more  complete  series  of  reactions  between  the  various  oxides,  sul- 
phides, and  silicates  in  the  slag.  With  a  good  charge  and  with  good  coke, 
an  amount  equivalent  to  10  per  cent,  of  fixed  carbon,  as  figured  against  the 
weight  of  the  charge  (less  slag  and  fuel),  may  be  considered  the  nunimum 
that  can  be  used.  Sometimes  less  is  sufficient.  Often  it  will  be  necessary 
to  use  more,  up  to  llj  or  12  per  cent.  In  any  case  the  metallui^ist  must 
be  guided  by  conditions,  and  vary  the  amount  of  coke  as  he  would  lime 
rock  or  any  other  item. 

The  excessive  amount  of  fine  ore  formerly  smelted  led  to  the  practice 
of  wetting  the  charge  before  putting  it  into  the  blast  furnace.  As  in  the 
sintering  processes,  this  moisture  renders  fine  ore  porous  by  preventing 
it  from  packing.  It  keeps  the  furnace  top  cool  and  reduces  the  amount  of 
flue  dust  made.  In  slow  ruaaing  there  is  always  a  tendency  for  the  heat 
to  creep  up  in  the  furnace.  This  is  counteracted  by  the  water  in  the 
charge.  Owing  to  the  fineness  of  the  ore  particles  and  the  slowness  with 
which  they  descend,  the  charge  is  perfectly  dried  by  the  waste  heat  of  the 
furnace  bef(»%  it  reaches  the  fusion  zone.  Experience  has  shown  that  with 
fine  ore  a  wet  chfu'ge  can  be  smelted  with  less  coke  than  a  dry  one.  With 
the  coarse  charges  and  rapid  running  which  is  now  the  practice  there  is 
need  for  but  little  water.  The  pieces  of  ore  are  so  lai^  and  descend  so 
rapidly  that  if  they  are  saturated  with  moisture  they  may  not  be  dried 
out  in  time,  and  thus  may  chill  the  furnace.  With  a  coarse  charge'and 
fast  running,  also,  there  is  little  tendency  for  the  heat  to  creep  up,  and 
little  flue  dust  is  made.  Sufficient  water  should  be  added,  however,  to 
moisten  the  fine.  I  have  known  a  heavy  rain  or  snow  storm  to  be  followed 
by  cold  slags  and  poor  reduction  at  the  blast  furnaces.  To  remedy  this 
condition  it  is  necessary  to  add  more  coke. 

The  volume  and  the  pressure  of  blast  required  yary  so  much  that  it 
is  hard  to  give  any  definite  figures.     In  general  it  may  be  stated  that 
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the  pressures  now  used  are  not  so  high  as  they  were  when  tight  charges 
were  the  rule,  but  comparatively  high  pressures  are  still  used  to  increase 
the  furnace  tonnage,  when  the  other  conditions  are  such  as  to  permit  it. 
The  air  pressure  should  be  kept  as  constant  as  possible,  and  should  oome 
from  the  power  house  in  rapid  pulsations.  At  most  of  the  larger  plants 
the  blast  pressures  used  range  from  30  to  40  oz.  per  square  inch. 

To  produce  a  sufficiently  heavy  matte  fall,  coarse  iron  pyrite,  low 
in  zinc,  is  often  added  to  the  charge.  This  usually  raises  the  slag  and 
matte  temperatures  and  facilitates  the  elimination  of  arsenic.  Aa  at 
present  conducted  there  is  often  considerable  pyritic  action  in  the  lead 
blast  furnace,  with  a  large  production  of  sulphur  dioxide. 

Much  time  and  money  have  been  devoted  to  the  problem  of  a  proper 
separation  of  the  matte  and  slag.  Settling  furnaces  have  been  devised 
on  the  reverberatory  principle,  using  fuel  to  keep  the  slag  hot  and  Quid. 
Most  of  these  have  been  abandoned.  Usually  there  has  been  trouble  on 
account  of  zinc,  which  gradually  accumulates  in  the  furnace.  The 
volatilization  losses  have  been  high  and  there  has 'been  also  the  extra 
cost  of  the  fuel  used.  In  most  cases  the  slag  and  matte  are  separated  in 
the  fore  hearth.  This  requires  considerable  attention  and  must  be 
changed  frequently.  It  is  effective,  however,  when  the  furnaces  are 
working  properly.  Experiments  have  shown  that  prolonged  settling  is 
unnecessary  in  the  case  of  hot,  properly  made  slags.  It  is  now  known 
that  slaga  have  a  slightly  solvent  action  for  the  sulphides  of  silver, 
lead,  and  copper.  Beyond  a  certain  point,  therefore,  these  sulphides  can- 
not be  settled  out.  An  earlier  recognition  of  this  fact  would  have  saved 
much  time  and  money. 

In  the  foregoing  review  of  the  subject  only  the  more  important 
features  in  the  modem  practice  of  lead  smelting  have  been  considered. 
■It  is  impossible  to  refer  to  many  important  details.  In  the  industry 
there  are  many  factors,  the  right  adjustment  of  which  is  necessary  to 
success.  As  already  intimated,  the  lead  blast  furnace  is  sensitive  to 
adverse  conditions.  In  a  smeltii^  plant  the  ores  and  fluxes  received  are 
continually  changing,  and  the  metallurgist  finds  that  be  must  accommodate 
himself  to  a  new  situation  almost  daily.  Usually  there  is  a  shortage  or  a 
surplus  of  some  important  ingredient  of  a  good  charge.  At  the  silver- 
lead  plants  there  is  nearly  always  a  deficiency  in  the  supply  of  lead,  and  an 
excessive  amount  of  sulphides.  Often  the  metaliui^ist  puts  a  charge  on 
his  furnaces  that  he  knows  will  not  give  the  best  results.  But  he  must 
keep  his  furnaces  going,  and  he  smelts  what  he  has. 

As  the  object  of  smelting  is  to  make  money,  the  commercial  side  of  the 
industry  must  be  kept  uppermost.  Apparently  poor  metallurgical  work 
may  mean  the  greatest  financial  success.  As  between  processes,  thst  one 
will  be  selected  which  gives  the  largest  returns  in  money.  At  most  plants 
there  are  local  considerations  that  may  modify  what  is  generally  held  to 
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be  the  best  practice.  In  hardly  any  other  metallurgical  industry  is  it  so 
difficult  to  lay  down  general  rules.  But  the  underlying  principles  have 
been  worked  out  and  the  conditions  that  are  essential  to  good  practice 
are  known.  That  the  results  obtained  are  oft^  not  what  they  should  be 
is  due  to  the  fact  that  these  conditions  could  not  be  realized. 
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The  ^praisal  of  Coal  Land  for  Taxation 

BT  H.  U.  CHANCE,  PHILADELPHIA,  PA. 
(finlt  Lkke  MaetiDg.  Ausuit,  1614) 

Within  the  last  10  years  the  subject  of  mine  taxation  in  its  relation 
to  coal-mining  interests  has  come  to  have  growing  importance,  not  only 
to  those  ei^aged  in  the  mining  of  coal,  but  also  to  the  owners  of  land 
underlain  by  coal.  A  disposition  has  developed  among  legislators  to 
accept  the  principle,  which  has  been  laid  down  by  many  judicial  decisions, 
that  coal  underlying  the  surface  must  be  regarded  as  a  part  of  the  real 
value  of  all  properties  so  underlain,  and  aa  such  is  chargeable  with  such 
burdens  of  taxation  as  the  necessities  of  the  government  may  impose. 
These  necessities  arise  from  the  normal  expense  of  maintaining  State  and 
local  governments,  and  inthe  past  have  beenmet  principally  by  taxesbased 
upon  assessments  of  real  estate  values,  which  values  in  many  cases  have 
been  confined  principally  or  wholly  to  the  value  of  the  surface,  without 
taking  into  consideration  the  value  of  minerals  underlying  the  surface. 

It  is  not  proposed  here  to  deal  with  the  question  of  Federal  taxation, 
whether  levied  on  production,  or  on  products  transported  from  one  State 
to  another,  or  exported  from  the  country,  or  upon  the  gross  or  net  earnings 
of  corporations  engaged  in  interstate  commerce,  or  upon  the  production  of 
materials  which  may  be  transported  from  one  State  to  another,  or  levied 
upon  the  profits  or  upon  the  obligations  of  corporations.  The  present 
discussion  will  be  confined  to  the  appraisal  of  coal  lands  as  assessed  for 
State,  county,  township,  or  borough   taxation. 

The  methods  heretofore  and  at  present  in  use  in  the  different  States 
vary  widely  and  have  resulted  in  more  or  less  litigation.  Discussions 
appearing  from  time  to  time  in  the  technical  and  trade  journals  and  in  the 
proceedings  of  minii^  and  engineering  associations  frequently  direct 
attention  to  the  need  for  the  adoption  of  fixed  principl  e  in  levying  taxes, 
and  of  uniform  methods  for  applying  such  principles,  but  there  does  not 
seem  to  be  a  general  demand  from  the  public  for  the  adoption  of  such 
methods. 

The  greatest  burden  of  taxation  must  always  be  from  taxes  levied  to 
meet  local  requirements,  because  the  maintenance  of  schools,  of  the  poor, 
of  roads  and  bridges,  of  local  courts,  of  prisons  and  hospitals,  of  the 


.coy  Google 


1462  THE   AFPBAIBAL   OF   COAL   lAND    FOB  TAXATION 

police,  of  roads  and  highways  and  their  lighting,  and  of  sanitary  mpw- 
vision,  will  always  cost  far  more  per  capita  than  the  cost  of  maintaining 
the  Federal  or  State  governments. 

As  taxes  for  local  purposes  are  cbllected  under  authority  conferred  by 
State  legislation,  and  as  the  constitutions  of  the  several  States  contun 
provisions  concerning  the  rights  of  persons  and  property  which  require 
uniformity  in  methods  of  taxation,  and  as  the  courts  have  general^ 
afGrmed  the  principle  that  coal,  if  of  material  or  determinable  value, 
must  be  regarded  as  assessable  and  taxable  property,  differing  in  no 
respect  from  other  forms  of  property,  this  principle  is  supposed  to  underlie 
tbe  methods  in  general  use. 

In  connection  with  matters  relating  to  the  application  of  this  principle 
in  the  determination  of  taxable  values,  an  investigation  was  made  recentlj' 
to  learn  as  fully  as  possible  the  details  of  present  practice  in  the  States  in 
which  coal  mining  is  an  important  industry.  This  inquiry  resulted  in  tbe 
compilation  of  a  large  mass  of  data,  giving  perhaps  a  better  insight  into 
these  conditions  than  anything  that  has  yet  been  available.  It  disclosed 
the  fact  that  few  of  the  States  have  definitely  adopted  the  principles 
upon  which  mineral  (or  coal)  land  shall  be  appraised  for  the  purposes  of 
taxation,  and  that  few  States  have  uniform  methods  applyii^  to  all  partx 
of  the  State  for  fixing  such  values. 

The  investigation  upon  which  this  article  is  based  included  the  principal 
coal-mining  portions  of  Alabama,  Arkansas,  Colorado,  Illinois,  Iowa, 
Kansas,  Kentucky,  Missouri,  Montana,  Ohio,  Pennsylvania,  Tennessee, 
Texas,  Utah,  Virginia,  West  Virginia,  and  Wyoming.  It  involved  cor- 
respondence with  about  350  State,  county,  and  township  officials  en- 
gaged directly  or  indirectly  in  the  assessment  of  the  value  of  coal  land 
for  taxation,  and  includes  more  or  less  useful  and  authoritative  infor- 
mation obtained  from  about  120  of  these  officials. 

While  the  inquiry  disclosed  the  fact  that  imiformity  in  making  such 
assessments  is  in  practice  almost  unknown,  entirely  different  methods 
often  being  used  in  adjoining  townships  in  the  same  county,  or  in  adjotnii^ 
counties  in  the  same  State,  it  did,  however,  clearly  indicate  that  in  nearly 
all  of  the  coal-mining  States  certain  broad  principles  were  recognised, 
and  these  tend  to  establish  a  basis  to  which  future  practice  will  doubtless 
be  made  to  conform.  While  these  principles,  however,  are  theoretically 
assumed  as  governing  factors  in  fixing  the  basis  for  assessments,  the 
methods  by  which  they  are  applied,  or  are  attempted  or  supposed  to  be 
applied,  present  extraordinary  variations  and  inconsistencies.  This 
condition,  in  some  cases,  has  led  to  attempts  to  remedy  such  incomdst- 
encies  by  the  creation  of  State  commissions,  or  boards,  or  courts,  charged 
with  the  duty  of  equalization. 

The  principles  that  appear  to  have  received  most  general  recognition, 
and  tbe  exceptions  to  the  same,  are  as  follows: 


.coy  Google 


THE  AFFOAIBAI.  OF  COAL  LAND  FOB  TAXATION  1463 

1.  That  the  coal,  or  coal-mining  right,  when  not  owned  by  the  owner 
of  the  surface,  shall  be  assessed  as  the  property  of  the  individual  or 
corporation  claiming  ownership.  Exceptions  to  this  rule  are  found  in 
Kansas,  Kentucky,  Iowa,  Illinois,  Missouri,  Michigan,  Utah,  Wyoming, 
and  possibly  some  other  States,  such  exceptions  generally  applying  to 
localities  in  which  the  coal,  through  lack  of  knowledge  as  to  its  thickness, 
quality,  etc.,  has  no  definable  or  appraisable  value.  This  principle  has 
been  affirmed  and  reaffirmed  by  judicial  decisions  in  many  States. 

2.  When  the  coal  and  surface  are  owned  by  the  same  individual  or 
corporation,  the  assessed  value  is  usually  fixed  at  a  sum  per  acre 
supposed,  intended,  or  assumed  to  cover  the  value  of  both  coal  and 
surface;  assessors  rarely  attempting  to  assess  the  value  of  the  coal  and 
surface  separately.  The  exceptions  to  this  practice  are  found  principally 
in  those  States  and  districts  in  which  coal  has  the  largest  values;  examples 
of  such  exceptions  are  found  in  Pennsylvania,  Kentucky,  Ohio,  Virginia, 
and  Wyomii^. 

3.  Coal,  or  the  coal-miiung  right,  is  generally  assumed  to  be  assessable 
at  a  value  representing  the  price  obtainable  at  voluntary  sale,  or  at  a 
definite  percentage  (ranging  all  the  way  from  20  up  to  80  per  cent.)  of  such 
value.  While  the  legal  validity  of  this  principle  has  been  sustained  by 
many  judicial  rulings  and  it  is  presumed,  or  assumed,  to  be  applied  in 
many  States,  exceptions  are  fouad  almost  everywhere.  Some  of  the 
Western  States  have  substituted  for  this  principle,  methods  of  fixing 
the  taxable  value  based  partly  or  wholly  upon  the  value  of  the  output,  or 
upon  the  net  or  gross  returns,  or  upon  an  arbitrarily  assumed  value 
per  ton  of  such  output.  Thus  in  Wyoming  the  value  of  the  output 
(fixed  at  from  60c.  to  95c.  per  ton)  determines  the  assessable  value. 
Ebcceptions  to  the  application  of  this  principle  are  found  in  Alabama, 
Arkansas,  Illinois,  Iowa,  Kansas,  Kentucky,  Ohio,  Pennsylvania,  Ten- 
nessee, Vii^nia,  and  West  Virginia,  the  exceptions  being  most  numerous 
in  localities  where  the  owners  of  the  surface  (farmers)  still  own  the  coal. 
In  such  localities  the  owners  of  the  coal,  generally  being  anxious  to  sell  it, 
and  believing  that  high  assessments  of  value  will  tend  to  retard  sales, 
usually  succeed  in  keeping  the  assessed  values  far  below  the  price  obtain- 
able at  voluntary  sale. 

4.  Great  differences  exbt  both  as  to  principle  and  practice  in  assessing 
the  value  of  coal  leaseholds;  that  is,  the  equity  of  a  lessee  in  the  coal  which 
he  controls  under  a  lease.  The  equity  of  a  lessee  in  the  coal  is  not 
assessed  as  taxable  property  in  Alabama,  Arkansas,  Colorado,  Kansas, 
Missouri,  Utah,  and  Virginia.  Such  equity  may  be  assessed  as  taxable 
property  in  Illinois,  Iowa,  Kentucky,  Tennessee,  Ohio,  Pennsylvania, 
Weet  Vurginia,  and  Wyoming,  but  the  practice  is  not  uniform  throughout 
au^  one  of  these  States;  in  the  aggr^ate  only  a  comparatively  small 
number  of  leaseholds  being  assessed  for  taxation.    The  whole  vtUue  o( 
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coal  held  under  lease  is  usually  assessed  to  the  owner  of  the  property,  the 
equity  of  the  lessee  being  disregarded.  This  practice,  in  many  cases, 
doubtless  originates  in  the  difficulty  experienced  by  assessors  in  attempt- 
ii^  to  determine  the  value  of  the  equity  of  the  lessee,  and  also  because 
the  assessors  assume  that  as  the  coal  value  (in  such  case  perhaps  being 
determined  by  the  royalty  per  ton  paid  by  the  lessee)  is  assessed  to  the 
owner  of  the  leased  premises,  and  the  value  of  the  improvements  owned 
by  lessee  is  assessed  to  the  lessee,  the  operation  as  a  whole  is  thus  bearing 
its  full  share  of  the  burdens  of  taxation.  Cases  in  which  the  terms  of  the 
lease  provide  that  any  increase  in  the  taxes  assessed  after  the  execution 
of  the  lease  shall  be  borne  by  the  lessee,  also  tend  to  prevent  the  assess- 
ment of  leasehold  equities  separately  from  the  coal  value  assessed  to  the 
owner  of  the  land.  On  the  other  hand,  leases  which  are  so  drawn  as  to 
constitute  a  sale  of  the  coal  in  the  ground,  tend  to  encourage  assessors  to 
assess  a  portion  of  the  coal  value  to  the  lessee  as  the  owner  of  the  same. 

5.  The  proposal  to  base  the  assessment  of  coal  value  arbitrarily  upon 
the  quantity  of  coal  (as  defined  in  foot-acre  or  other  units)  and  a  fixed 
value  per  ton  or  per  foot  per  acre,  to  apply  uniformly  over  a  prescribed 
district,  is  steadily  losii^  ground,  probably  because  it  does  not  seem  to  be 
in  conformity  with  the  principlelaid  down  by  the  courts,  that  assessments 
must  be  fixed  by  the  price  obtainable  at  voluntary  sale.  This  proposed 
method,  therefore,  is  hereafter  likely  to  be  used  only  as  a  auxiliary  means 
of  determining  the  voluntary  sale  value,  and  not  as  a  method  for  directly 
fixing  the  assessable  value. 

Many  officials  are  inclined  to  be  pessimistic  as  to  the  possibiU^  ol 
securii^  greater  uniformity  in  methods  of  making  assessments,  apparently 
because  the  subject  appeals  to  them,  and  to  the  residents  of  each  district, 
more  in  the  light  of  a  local  issue  than  of  one  of  broader  importance. 
Some  of  the  suggestions  illustrating  the  trend  of  thought  as  to  proposed 
changes  and  the  securing  of  better  or  more  satisfactory  results  may  be  of 
interest  thus: 

"By  making  the  tax  directly  upon  the  output." 
"Now  being  considered  by  the  State  Tax  CommigBionera." 
"By  revising  method  of  taxation  for  all  property." 
"By  eetimates  of  quantity  of  coal  in  each  tract." 
"Most  any  other  way  would  be  an  improvement." 
"Revision  of  lawa  to  provide  asseaament  at  fair  eales  value." 
''Bevison  of  lawa  to  determine  asaessmenta  by  amount  invested." 
"By  assessing  surface  and  coal  separately." 
"Revision  desired,  but  no  prospect  of  getting  revision." 
"Tax  should  be  on  the  production." 

"State  officials  now  considering  method,  but  no  conclusiona  reached." 
"Should  be  controlled  by  a  Tax  Commiaaioner." 

'No  one  eeema  to  be  thinking  about  it,  are  aatiefied  with  preecnt  methods." 
"By  the  appointment  of  County  Tax  Commissioners." 
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"  AsBesamente  should  be  low  enough  to  permit  operators  to  bold  (unworlced)  coat 
Und." 

"By  clABsif^ing  coal  land  aa  working,  reserved  and  undeveloped  acreage." 

"Depth,  length  of  time  to  reach,  accessibility  and  other  conditions  should  be 
considered.'' 

"By  asseaaing  each  field  separately  at  unit  prices  governed  by  the  average  selling 
price." 

"By  employing  engineers  to  assist  Tax  OommiBBioners." 

"By  distinguishing  betweot  coal  to  be  mined  soon  and  that  not  to  be  operat«d  for 

"By  assessing  all  coal  lands  at  their  commercial  value." 
"  By  taxing  on  an  output  basis." 

"A  tonnage  tax  is  inequitable  and  should  not  be  favored." 
"Opposed  to  a  tonnage  tax." 

"According  to  output,  value  of  plant  and  profits,  all  to  be  considered  in  finng 
assessment." 

"Should  be  fixed  by  the  net  profits  per  ton." 

"  Mining  engineers  should  be  employed  to  assist  in  making  assessments." 
"There  should  be  a  better  nay  found;  present  methods  most  unsatisfaotory." 
"  By  classification  of  lands  and  the  actual  production." 


Of  those  ofi^ciala  who  were  willii^  to  express  a  de&nite  opimon,  about 
85  per  cent,  believe  that  whUe  the  methods  are  faulty,  the  results  are 
generally  satisfactory  to  land  owners,  operators,  and  the  general  public; 
about  10  per  cent,  believe  that  both  methods  and  results  are  unsatisfac- 
tory ,'  and  about  5  per  cent,  think  that  the  methods  and  results  are  partly 
satisfactory.  It  will  be  understood  that  these  are  the  expressed  opinions 
of  officials  engaged  in  assessing  coal  land  for  taxation  and  may  not  repre- 
sent the  opinions  of  coal-land  owners  and  operators.  An  explanation  of 
the  statement  that  the  assessments  as  made  are  geaerfdly  satisfactory  to 
owners  and  operators  is  found  in  the  fact  that  in  many  mining  districts 
the  assessors  are  influenced  in  greater  or  lesser  degree  by  the  views  and 
desires  of  a  majprity  of  the  residents  of  the  district,  and  adjust  the  basis  for 
making  assessments  to  meet  the  approval  of  a  majority  of  those  most 
interested.  This  condition  accounts  for  the  wide  divergence  in  methods 
and  results  often  noted  in  adjacent  districts,  and  again  suggests  the 
conclusion  that  the  assessment  of  coal  land  for  taxation  is  at  present 
largely  regarded  as  a  local  issue  and  b  determined  independently  in 
different  districts  by  considerations  of  local  expediency. 

That  the  values  at  which  coal  land  or  coal-mining  rights  are  actually 
assessed  for  taxation  in  the  principal  coal-producing  States  seldom  bear 
any  fixed  relation  to  the  value  as  determined  by  prices  realized  at 
voluntary  sale,  is  illustrated  by  the  following  condensed  summary: 
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County  Assessments 


Highest  Assessed 

Lowest  Asseased 

State 

. 

Value  of  Coat,  Not 

Value  of  Coal,  No( 

Including  Surface, 

Including  Surfaa, 

per  Acre 

per  Acre 

Alabama 

"Sappoeed  to  be  assessec 
at  60  per  oent,  but  rarely 

is  assessed  at  more  than 

25per  cent,  of  value."... 

».00to<  40.00 

S0.12tol3-(n 

Arkansas 

"Supposed  to  be  assessed 
at  50  per  cent.,  or  less,  of 

value  at  voluntary  sale." 

5.00 

2.50 

Colorado 

to  railroads.** 

60.00 

25.00 

Ulinois 

"Usually  at  about  20  per 
cent,    of   voluntary    sale 

value." 

76.00 

2.00 

Iowa 

lO.OOto    30.00 

6.00  to  25.00 

Kansas 

"Supposed   to   be   at    its 
market  value." 

20.00to    60.00 

5.00  to  10  00 

Kentucky 

"Assessors     ott«n     adopt 

2.00  to    15.00 

l.OOto   4.00 

(Data  not  complete.) 

Ohio 

value."    "More     guess- 
work than  anything  else." 
"Actual  values  tried  to  be 

ascertained." 

20.00  to    80.00 

10.00  to  20.00 

Pennsylvania 

Methods  vary  greatly.... 
(Bituminous  region  only.) 

10.00  to  900.00 

6.00  to  60,00 

20,00 

3.00 

Utah 

Data  incomplete 

20.00 

10,00 

Virginia 

At    fair  market  value  as 

per  Act  of  March  7,  1912. 

100.00  to  500.00 

l.OOto   8,00 

West  Virginia 

"Supposed  to  be  at  volun- 

tary sale  value." 

8,00  to  180.00 

3,00  to  15,00 

Wyoming 

"On  net  value  of  output." . 
(Data  incomplete.) 

20.00  to    30.00 

20.00 

This  summary  is  not  thought  to  be  complete,  or  free  from  error. 
Many  of  the  wide  variations  in  assessments,  perhaps  most  of  them, 
merely  reflect  actual  differences  in  the  real  values  of  coal  land.  Individual 
cases  in  which  the  assessments  are  higher  or  lower  than  those  given  in 
this  summary  doubtless  occur  in  each  of  the  States  above  enumerate 
The  table  Is  introduced  to  show  the  maximum  assessments  in  the  two 
counties  that  show  the  highest  and  lowest  maximum  value  and  the 
minimum  assessments  in  the  two  countiesthat  show  the  highest  and  lowest 
a  value,  for  the  counties  of  which  a  record  is  available. 

logic 


DISCUSSION  OF  THIS  PAPER  13  INVITED.  It  ihould  pnfenbly  b«  prewntad  ia  panon  »t  ths 
Stlt  LaVe  meeting,  Auguat.  1914,  wheo  u  ibBCruiC  of  the  pI^KI  will  be  reiid,  II  tfaia  is  imponble. 
Ihen  diKuwan  In  wrltinE  mBy  be  Hut  to  Che  Editor,  Ameiicui  loatituta  of  Mining  Engineen,  36  Weat 
tmth  Street,  New  York,  N.  ¥.,  for  preuntation  by  ths  Searetuy  ar  other  repieHnlativs  of  its  author. 
Unleaa  ■h<!ia1  artacKsment  ii  made,  the  dioauBglon  of  thii  paper  will  nlose  Oct.  1, 1914.  Any  dlaovuaioD 
oBeted  thereafter  ahould  preferably  be  in  the  form  of  a  new  paper. 


Mining  Claims  within  the  National  Forests 


BR,  UISBOULA,  MONT. 
(Salt  Lake  Meeting,  August,  1014) 

.  When  the  National  Forests  were  created,  all  lands  embraced  in  their 
boundaries  were  exempted  from  all  forms  of  entry,  except  mineral 
claims.  Later,  by  Act  of  June  11,  1906,  and  as  amended  by  Act  of  Aug. 
10,  1912,  provision  was  made  allowing  homesteads  on  areas  chiefly 
valuable  for  agriculture  and  not  necessary  for  the  public  use.  Patents 
to  mining  claim  in  the  Forests  are  granted  the  same  as  on  land  not  in 
the  Forests,  irrespective  of  timber  or  other  values. 

It  is  the  policy  to  encourage  the  highest  use  of  the  Forests.  As  a 
business  proposition,  it  is  a  good  policy  to  have  mines  developed  in  the 
Forests.  Their  development  in  remote  or  inaccessible  regions  causes  the 
country  to  be  opened  up  and,  in  addition  to  the  local  market  which  the 
mines  create,  means  of  transportation  are  afforded  to  outside  markets. 

No  examination  of  mining  claims  is  made  until  patent  has  been  applied 
for,  unless  they  are  actively  interfering  with  the  administration  of  the 
.Forest  In  this  case,  an  examination  is  made,  and  if  there  is  evidence 
that  the  claims  are  being  held  in  good  faith  they  are  in  no  way  interfered 
with.  Timber  is  never  sold  from  a  mining  claim  except  with  the  consent 
of  the  claimant,  or  unless  it  is  clearly  shown,  after  an  examination,  that 
the  claim  is  abandoned.  In  the  case  of  lire-killed  timber,  which  rapidly 
deteriorates  by  standing,  a  contract  bond  arrai^ement  can  be  made  for 
the  sale  of  the  timber  which  protects  the  interests  of  both  the  minii^ 
claimant  and  the  government. 

The  promiscuous  locating  of  mining  claims  has  in  the  past  caused 
considerable  trouble.  It  has  been,  and  still  is,  the  custom  in  some  parts 
of  the  West  to  locate  a  mining  claim  when  the  surface  rights  of  any 
particular  area  are  desired,  irrespective  of  the  mineral  character  of  the 
ground.  This  has  been  done  to  hold  power  sites,  town  sites,  summer 
residences,  springs,  etc.  When  the  ground  is  desired  for  any  of  these 
purposes,  what  is  known  as  a  Special  Use  Permit  will  be  issued  at  a 
nominal  sum,  to  legalize  the  occupancy.  In  most  instances,  it  is  far 
cheaper  to  take  out  one  of  these  permits  than  to  do  the  annual  assessment 


.coy  Google 


1468  HININO   CLAIUS   WITHIN   THE  NATIONAL   FORESTS 

work  on  a  mining  claim,  but,  of  course,  patent  to  tbe  ground  cannot  be 
obtained  in  this  manner. 

If  mineral  was  discoTered  on  the  land  covered  by  a  Special  Use  Permit, 
it  would  ordinarily  be  the  policy  to  cancel  the  permit  if  it  was  clearly 
shown  that  the  land  in  question  was  more  valuable  for  miiung  than  for 
the  purpose  for  which  the  permit  was  granted.  The  burden  of  proof  in 
such  a  case  must  be  on  the  mining  claimant.  For  example,  in  the  case 
of  a  permit  for  a  large  storage  reservoir,  it  would  take  a  very  good  mineral 
showing  to  justify  its  cancellation.  If  a  valid  mineral  claim  occupied 
ground  previous  to  the  application  for  a  Special  Use  Permit,  none  would 
be  granted  without  the  consent  of  the  mining  claimant. 

An  unpatented  mining  claim  in  aNationalForest  cannot  be  put  to  any 
use  inconsistent  with  the  development  of  the  claim,  without  a  permit, 
which  would  be  charged  for  at  the  regular  rate. 

In  the  past,  before  the  government  inspected  ground  prior  to  issuiog 
patent,  many  valuable  power  sites,  town  sites  and  timber  areas  have  been 
patented  as  mining  claims  when  the  ground  was  in  no  respect  mineral- 
It  has  often  been  stated  that  the  patenting  of  mining  claims  is  seriously 
delayed  if  they  are  within  a  National  Forest.  Out  of  over  150  claims 
examined  during  each  of  the  years  1912  and  1913  in  Montana  and  Idaho, 
north  of  Salmon  river,  only  17  1/2  per  cent,  were  contested.  The 
records  show  no  delay  longer  than  three  months  except  where  patent  was 
applied  for  during  a  time  of  year  when  field  examinations  could  not  be 
made  on  account  of  climatic  conditions. 

-    Patenting  ClaiTm 

Very  few  claims  that  come  up  to  patent  comply  with  all  the  Federal, 
and  State  laws  in  every  particular.  Most  of  this  non-compliance,  how- 
ever, is  due  to  ignorance  of  the  law.  One  reason  for  this  ignorance  b 
that  the  requirements  for  staking  and  patenting  miiung  claims  are  not 
the  same  in  all  States.  Most  prospectors  and  miners  operate  in  more 
than  one  State  and  many  times  confuse  the  various  regulations. 

In  accordance  with  the  mining  laws,  patent  on  a  mining  claim  should 
be  issued  when  the  claimants  show;  first,  good  faith;  second,  the  requisite 
amount  of  work  done;  and  third,  a  mineral  discovery  made.  No  jwotest 
is  made  against  issuance  of  patent  by  the  Forest  Service  when  the  loca- 
tion is  not  in  accordance  with  all  of  the  State  laws,  or  for  any  non-cwnpli- 
ance  with  the  minor  technicalities  of  the  Federal  law.  For  instance,  an 
application  for  patent  would  not  be  protested  for  the  reason  of  the  vein 
not  being  in  the  middle  of  the  claim  or  for  striking  across  it. 

GoodFaith. — On  a  claim  that  is  cliiefly  valuable  for  mining,  good  iaiib 
is  assumed  to  have  been  shown  when  the  requiate  amount  <rf  work  has 
been  performed  and  a  mineral  discovery  made.     When  it  is  evident 
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that  the  ground  is  more  valuable  for  other  purposes  than  for  mining,  a 
merely  technical  compliance  with  the  requirements  of  the  law  does  not 
suffice  to  make  clear  the  good  faith  of  the  applicant. 

Developmerti  Work.— Five  hundred  dollars  is  required  to  be  expended 
on  or  for  the  benefit  of  a  claim  before  patent  is  granted.  When  a  claim 
is  examined  for  patent  the  value  of  the  work  is  estimated  as  closely  as 
possible  from  the  facts  at  hand,  but  when  any  doubt  exists  the  claimant  is 
always  given  the  benefit  of  the  doubt.  When  work  is  done  on  another 
claim  for  the  benefit  of  the  one  in  question,  the  Service  does  not  take 
a  narrow  and  technical  view  of  what  would  tend  to  develop  it. 

Mineral  Discovery. — Application  is  often  made  for  patent  on  claims 
held  in  apparent  good  faith  but  on  which  no  mineral  discoveries  have  been 
made.  Such  claims  are  the  so-called  protection,  or  side,  claims,  and  the 
odd  claims  in  large  groups,  These  protection  claims  in  many  cases  are 
really  necessary  to  the  group  to  avoid  possible  future  trouble  with  later 
locators  and  for  tunnel  sites,  etc. ;  but,  no  matter  how  necessary  they  are, 
the  law  requires  that  a  mineral  discovery  must  be  made  on  each  claim 
before  a  valid  location  can  be  made.  Most  claims  which  are  contested 
by  the  government  are  of  this  character. 

When,  after  a  sufficient  expenditure  has  been  made,  patent  is  desired 
on  a  group  that  includes  claims  which  do  not  contain  mineral  discoveries, 
the  common  improvement  work  shoidd  be  credited  to  all  of  the  locations 
and  application  made  only  for  those  which  meet  the  requirements  of  the 
law.  Patent  can  be  asked  for  thd  protection  claims  under  a  separate 
and  later  application  after  mineral  discoveries  have  been  made.  As  long 
as  ihe  assessment  work  is  kept  up,  possession  of  such  clfums  can  be 
retained. 

There  is  a  great  difference  of  opinion  as  to  what  constitutes  a  mineral 
discovery.  According  to  late  decisions  of  the  Commissioner  of  the 
General  Land  Office  in  the  East  Tintic  case  of  June  15,  1912,  and  again  in 
the  Jefferson  Montana  Copper  Mining  Co.  case  of  Sept.  5,  1912,  it  was 
'  held  that  the  following  elements  are  necessary  to  constitute  a  valid  dis- 
covery upon  a  lode  mining  claim: 

1.  There  must  be  a  vein  or  lode  of  quartz  or  other  rock  in  place. 

2.  The  quartz  or  other  rock  in  place  must  carry  gold  or  some  other 
valuable  mineral  deposit. 

3.  The  two  preceding  elements,  when  taken  together,  must  be  such 
as  to  warrant  a  prudent  man  in  the  expenditure  of  his  time  and  money 
in  the  effort  to  develop  a  valuable  mine. 

In  passing  on  a  mining  claim,  the  Forest  Service  Mineral  Examiner 
tAkes  into  consideration  the  general  geological  conditions  of  the  locality. 
For  instance,  in  the  Coeur  d'  Al§ne  and  the  Butte  districts  the  ore  or 
mineral  values  do  not  usually  outcrop  at  the  surface,  and  the  presence 
<^  a  well-defined  vein  with  the  characteristic  ironrstained  vein  matter 
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upon  a  claim,  considering  the  experience  gained  on  other  veins  in  the 
districts,  would  afford  a  reasonable  expectation  of  finding  ore  at  depth. 

In  determining  a  mineral  discovery  on  s  placer  claim,  the  values  found 
are  considered  together  with  the  extent  of  the  gravel  and  mining  condi- 
tions, A  very  small  value  to  the  pan  of  gravel  would  be  considered  as  a 
mineral  discovery  where  conditions  were  such  that  there  was  any  possibil- 
ity that  the  ground  would  ever  be  mined,  but  a  few  isolated  colors  found 
on  a  claim  would  not  in  themselves  constitute  a  mineral  discovery.  In 
examining  a  placer,  the  same  as  a  lode  claim,  the  good  faith  of  the 
claimant,  and  the  value  of  the  land  for  other  purposes,  are  taken  into 
consideration. 

The  Land  Office  records  will  show  that  only  a  small  proportion  of  the 
cases  on  which  contests  have  been  initiated  by  the  Forest  Service  ever 
come  to  a  hearing,  as  the  claimants  do  not  file  answers  to  the  chai^ 
against  the  claims  or  do  not  put  in  an  appearance  before  the  Register 
and  Receiver  of  the  local  Land  Office  at  the  date  set  for  hearing.  Final 
decisions  by  the  Department  of  the  Interior  on  all  mineral  cases  contestal 
since  July  1,  1911,  by  the  Forest  Service  in  District  1,  which  comprises 
Montana,  northern  Idaho,  eastern  Washii^ton,  and  western  South 
Dakota,  with  the  exception  of  one  claim,  have  been  favorable  to  the 
government. 

The  examination  and  protesting  of  worthless  claims  in  the  National 
Forests  often  protects  the  public  from  "wildcats."  There  have  been 
instances,  particularly  in  the  outskirts  of  large  districts,  where  companies 
have  been  formed  and  stock  has  been  sold  to  develop  ground  without  any 
real  mineral  value.  To  further  the  stock-selling  schemes,  patents  have 
been  desired  and  applied  for,  but  when  the  claims  were  protested  they 
have  generally  been  abandoned. 

Timber  on  a  mining  claim  can  be  cut  and  used  for  the  development  of 
the  claim.  No  permit  from  the  Forest  Service  is  necessary  and  no  charf^e 
is  made.  The  locator  cannot,  however,  sell  the  timber  or  use  it  for  any 
purpose  foreign  to  the  development  of  the  claim.  If  more  timber  is 
needed  for  development  than  what  is  on  the  claim,  it  may  be  obtained 
elsewhere  in  the  Forest  without  any  charge  under  a  free-uae  permit 
When  a  mine  has  become  productive  and  still  needs  more  timber,  a 
charge  is  made  for  it.  The  government,  in  making  timber  sales  to  out- 
side consumers,  always  considers  the  local  miners  and  leaves  their 
supply  unimpaired. 

Had  it  not  been  for  the  establishment  of  the  National  Forests,  a 
large  part  of  the  timbered  areas  now  embraced  within  the  Forests  would 
by  this  time  have  passed  into  the  hands  of  private  interests  as  timber  and 
stone  claims.  Once  one  of  these  claims  is  patented,  the  patentee  not  only 
controls  the  timber  and  surface  rights,  but  any  miner^  that  may  he 
discovered  on  the  ground.     These  non-mineral  entries  not  only  discourage 
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prospecting,  but  tie  up  the  mineral  development  of  large  tracts.  In 
addition  to  being  taken  up  under  the  non-mineral  laws,  these  claims 
would  gradually  come  into  the  possession  of  large  timber  companies 
who  have  no  interests  in  mining.  Even  an  unpatented  timber  and  atone 
claim  is  a  drawback  and  discourages  mining. 

Any  one  who  has  ever  had  a  mining  claim  conflicting  with  a  claim 
of  this  kind  can  testify  to  the  cost  and  annoyance  of  protesting  the 
patent  to  the  timber  and  stone  claim  and  fighting  protests  against  the 
issuance  of  patent  on  his  own  claim.  The  location  of  timber  and  stone 
claims  cannot  be  made  within  the  National  Forests  and  any  one  is  free 
to  enter  the  Forests  for  prospecting  and  the  location  of  legitimate  mining 
claims. 

The  niiners  are  gradually  coming  to  realize  that  the  reason  for  the 
difficulty  in  patentii^  some  mining  claims  is  in  the  law  itself,  and  that  the 
Forest  Service  has  no  arbitrary  power  to  change  the  statutes. 
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The  Mill  and  Metallurgical  Practice  of  the  Nipissing  Mining  Co.,  Ltd., 
Cobalt,  Ont,  Canada 


,   PALO  ALTO,  CAL. 
(8*11  L^e  M»eUii«,  AmtMt,  1914) 

(Ckintiniiing  the  discuaaion  of  the  paper  of  James  JohoBtoD,  preseated  at  the  New 
York  meeting,  February,  1914,  aod  printed  in  Bulletin  No.  85,  January,'  1914,  pp.  107 
to  133.) 

This  paper  cannot  fail  of  being  of  great  interest  and  value  to  all  who 
are  interested  in  the  cyanide  process,  on  account  of  the  important  develop- 
ments which  it  records,  Mr.  Johnston  is  to  be  commended  for  the  large 
amount  of  detail  which  he  gives,  and  the  company  and  its  management  for 
permitting  the  publication  of  data  of  this  character,  which  while  of  great 
value  to  others  could  well  be  considered  private  property. 

It  might  be  discussed  from  a  number  of  standpoints:  First,  as  an  ex- 
ample of  recent  practice  in  mill  and  cyanide  plant  construction;  second, 
the  mill  practice;  third,  the  cyanide  practice;  and  fourth,  the  new  features 
in  cyanide  treatment  involved.  Perhaps  a  more  vivid  way  of  expressing 
it  would  be :  First,  the  equipment  or  tools  with  which  the  various  operations 
are  carried  on,  are  they  the  best  and  most  efficient  which  could  have  been 
selected  for  their  respective  uses;  and, -second,  is  the  best  use  in  every  case 
made  of  tjiese  tools?  It  may  be  well  inquired  is  the  highest  possible 
recovery  of  silver  made  at  the  lowest  cost  per  ounce  recovered?  For 
after  all,  the  making  of  the  greatest  ultimate  proht  is  inseparably  asso- 
ciated with  successful  metallurgical  practice;  there  must  therefore  be  at 
all  times  a  careful  balance  maintained  between  recovery  and  cost  of 
obtaining  it. 

I  wish  to  call  attention  in  a  very  general  way  to  the  equipment  used 
and  to  an  anticipation  of  questions  which  are  bound  to  arise  in  this  con- 
nection. However,  the  bulk  of  my  discussion  will  be  confined  to  the 
presentation  of  certain  additional  data,  together  with  a  more  or  less  general 
discussion  showing  the  line  of  development  which  leads  up  to  the  present 
practice  and  the  applicability  of  certain  features  of  it  to  similar  problems 
elsewhere. 

There  are  a  number  of  vital  points  of  broad  general  interest  involved  in 
Nipissing  low^rade  practice  upon  which  metallurgists  will  by  no  means 
be  agreed  to  which  I  wish  to  call  particular  attention  in  the  hope  that  it 
will  lead  to  the  presentation  of  data  by  others  of  practice  in  other  districts 
which  will  assist  in  reconciling  this  divergence  of  opinion. 
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It  wUI  be  noted  that  the  crushing  equipment  cloaely  follows  recent 
South  African  practice.  The  use  of  a  silex  lining  in  the  tube  mills  might 
be  questioned  from  the  standpoint  of  economy;  but  quite  aside  fromtbb' 
point,  upon  which  1  am  not  prepared  to  give  authoritative  data,  there  are 
perhaps  two  distinct  advantages  possessed  by  this  type  of  lining  in  this 
particular  case.  With  the  very  fine  grinding  practised  at  this  plant  there 
would  be,  with  iron  or  steel  liners,  a  much  larger  proportion  of  finely 
divided  iron  in  the  pulp.  My  experience  with  the  treatment  of  the  high- 
grade  ore  showed  that  the  presence  of  iron  interfered  with  the  extraction 
of  the  silver.  It  is  also  a  well-known  fact  that  metallic  iron  in  an  ex- 
tremely finely  divided  state  may  cause  an  important  cyanide  consump- 
tion. The  installation  of  the  old  type  of  mechanical  agitator  will  he 
questioned  by  many  operators,  particularly  as  there  is  an  air  lift  used  in 
each  tank  in  addition  to  the  mechanical  stirring  gear. 

There  has  been  considerable  misconception  regarding  the  character  of 
the  low-^rade  ore,  and  certain  writers  have  made  rather  sweeping  state- 
ments regarding  the  non-suitability  of  Cobalt  ores  for  vacuum  filtration, 
presumably  upon  the  assumption  that  the  low-grade  ore  had  a  hea^T 
gangue  similar  to  the  high-grade  ore.  The  specific  gravity  (2.70  to  2.72) 
of  the  low-grade  ore  is  not  very  different  from  that  of  the  siliceous  ores  of 
other  districts.  My  own  experience  in  making  the  large-scale  tests  was 
that  it  was  a  most  favorable  ore  for  vacuum  filtration.  This  statement 
I  do  not  wish  misconstrued  aa  meaning  that  the  vacuum  type  of  filter  if 
unqualifiedly  the  best  for  Cobalt  ores  for  so  far  as  I  am  aware  comparative 
tests  of  the  different  types  of  filters  have  never  been  made  in  this  district. 

Briefly  the  status  of  metallui^ical  practice  in  the  Cobalt  district  at  the 
time  that  we  began  the  investigation  of  the  treatment  of  Nipissing  ore? 
was  as  follows:  The  high-grade  ore  was  separated  by  sorting  and  jigging 
at  surface  plants,  and  sold  to  smelters  outside  the  district,  there  not  being 
up  to  the  time  of  the  advent  of  the  Nipissing  high-grade  mill  an>'  of  this 
ore  treated  locally.  The  low-grade  ore,  constituting  the  portion  rejected 
in  separating  the  high-grade  ore,  the  dumps,  and  the  low-grade  material 
taken  directly  from  the  mine,  was  originally  treated  exclusively  by  con- 
centration, the  concentrates  being  sold  to  smelters.  Later  certain  of  the 
concentration  mills  provided  cyanide  annexes  for  the  purpose  of  makii^  a 
further  saving  from  their  tailings.  Thencame  the  building  of  mills  which 
were  primarily  cyanide  plants  in  which  concentration  was  to  be  depended 
upon  for  the  removal  of  the  refractory  minerals,  and  the  major  portion  of 
the  silver  recovered  as  bullion  through  the  medium  of  the  cyanide  process. 

While  the  mills  using  the  cyanide  process  unquestionably  made  a 
higher  ultimate  recovery,  the  mills  which  had  confined  their  efforts  to  the 
development  of  their  concentration  practice,  although  realizing  a  lower 
recovery,  appeared  to  be  making  as  great  and  in  some  cases  a  greater 
ultimate  profit  than  the  mills  employing  a  combination  process.    In  other 


.coy  Google 


MILL  AND  PRACTICE  OF  THE   NIPISSING   MINIKQ  CO..   LTD.        1475 

words,  the  greater  recovery,  which  necessarily  required  a  greater  capital 
expenditure,  did  not  in  all  cases  mean  a  greater  ultimate  profit. 

Early  in  the  course  of  our  work  we  considered  the  treatment  of  the 
low-grade  ore  and  in  this  connection  made  a  number  of  small-scale  tests. 
These  clearly  indicated  that  the  ore  could  be  treated  by  cyanidation, 
but  they  had  not  proceeded  far  enough  for  us  to  determine  certain 
diiGculties,  and  problems,  which  even  at  this  early  date,  we  were  quite 
sure  would  arise  on  account  of  the  experience  of  others  in  the  district. 
At  this  time  we  had  not  worked  up  to  the  maximum  extraction  or  assured 
ourselves  that  concentration  could  be  dispensed  with.  It  might  be 
mentioned  that  from  the  first  we  were  determined  to  treat  all  the  ore 
produced  by  the  Nipisaing  company  by  hydrometallurgical  processes 
and  that  nothing  but  refined  silver  was  to  leave  the  premises.  Shortly 
after  making  the  preliminary  tests  mentioned  our  efforts  were  centered 
upon  developing  and  getting  into  successful  commercial  operation  the 
process  for  treating  the  high-grade  ore.  This  fully  occupied  our  time 
until  late  in  the  summer  of  1911,  when  the  treatment  of  the  high-grade 
ore  was  upon  a  well-established  commercial  basis,  and  we  agmn  turned 
our  attention  to  the  treatment  of  the  low-grade  ore.  After  a  thorough 
study  of  the  practice  and  results  of  other  mills  in  the  district,  the  manage- 
ment and  ourselves  were  unanimous  in  the  opinion  that  the  issue  lay 
squarej;/  between  the  relative  economy  of  straight  concentration  and  a 
process,  preferably  as  near  straight  cyanidation  as  possible,  which  would 
produce  only  refined  silver.  The  middle  ground  involving  concentration 
and  cyanide  treatment  did  not  appear  attractive  for  various  reasons. 

The  object  of  concentration  in  cases  where  it  is  practised  in  con- 
juDction  with  the  cyanide  process  is  to  recover  gold  and  silver  not  soluble 
in .  cyanide  solution,  or  to  remove  interfering  elements,  but  experience 
shows  it  to  do  this  but  imperfectly,  and  further,  it  invariable  removes  gold 
and  silver  which  are  readily  soluble  in  cyanide  solution,  which  could  be 
to  better  advantage  dissolved  by  the  solution  and  recovered  as  bullion. 
In  cases  where  it  is  feasible  to  concentrate  after  cyanide  treatment  this 
last  objection  of  course  is  not  valid;  but  this  cannot  be  readily  done  for  it 
means  repulping  of  the  tailing  and  provision  for  a  regular  feed  to  the 
concentration  devices,  moreover,  the  conditions  of  fine  grinding  which 
make  for  the  best  results  in  cyanide  treatment  are  not  those  most  con- 
ducive to  the  best  work  in  concentration.  A  more  or  less  complete  con- 
centration plant  means  a  greater  capital  expenditure  and  it  further  means 
the  control  of  two  separate  operations  which  involve  entirely  different 
principles  and  methods  of  operation.  Generally  you  are  attempting  to 
operate  a  concentrator  and  a  cyanide  plant  with  neither  up  to  full 
efficiency.  The  conditions  of  the  two  processes  are  therefore  at  v 
and  it  is  the  constantly  growing  opinion  that  concentration  in  c 
tion  with  cyanide  treatment  should  only  be  turned  to  as  a  last  resort. 
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Many  small-scale  tests  were  made  involving  varioiu  combinatjons 
of  treatment.  The  results  of  these,  together  with  the  other  data  which 
had  been  collected  in  the  district,  led  us  to  make  the  first  large-Bcale  tests 
along  rather  conservative  lines,  particularly  as  regards  the  removal  of  the 
native  silver  and  dyscrasite.  The  preliminary  examination  of  these  ores 
indicated  that  the  silver  occurred  in  three  general  forma:  First,  native 
silver,  of  greater  or  less  purity,  and  dyscrasite,  which  on  account  of  their 
coarseness  would  not  readily  pass  into  solution;  second,  sliver  minerals 
readily  dissolved  by  cyanide  solutions;  and  third,  some  combination  of 
silver  which  resisted  ordinary  cyanide  treatment  and  only  was  dissolved 
after  extremely  fine  grinding,  and  a  long  period  of  agitation. 

In  order  to  show  the  general  character  of  the  low-grade  ore,  the  results 
of  four  large-scale  tests  made  upon  lots  of  ore  representative  of  the  type 
of  ore  produced  by  the  Nipissing  company,  and  involving  a  total  of  about 
36  tons  are  quoted  from  rather  fully. 

Each  lot  of  ore  was  first  sent  to  the  sampler  where  it  was  w^ghed, 
crushed  to  4-mesb  and  the  assay  sample  separated.  It  was  tbeii 
transported  to  the  point  where  the  tests  were  to  be  made.  It  might  be 
explained  that  these  large-scale  tests  were  run  in  the  high-grade  mill 
and  the  time  available  for  them  was  determined  by  the  time  necessary 
to  make  certain  necessajy  alterations  and  repairs  to  the  mill.  The  tube 
mill  had  just  been  relined  and  therefore  contained  no  amalgam.  Agi- 
tator tanks,  settler  and  other  equipment  were  cleaned  out  very  thoroughly 
and  before  running  the  tests  proper,  low-grade  ore  was  passed  through 
the  entire  system.  I  have  every  reason  to  believe  that  in  general  there 
was  no  salting  except  in  the  case  of  perhaps  four  or  five  samples.  At  any 
rate,  if  there  was  any  error  the  probability  would  be  that  the  residues 
actually  assayed  higher  than  the  true  value,  therefore  the  percentages  of 
extraction  noted  would  be  lower  than  those  to  be  expected  in  actual 
practice,  when  employii^  the  same  method. 

Thegeneralmethod  of  procedure  in  each  case  waste  grind  the  ore,  2 
tons  at  a  time,  with  a  ton  of  solution,  the  proper  amount  of  lime,  and  a 
part  of  the  cyanide,  for  a  period  of  4  hours.  The  time  of  grinding  has 
been  previously  determined  by  grinding  a  sample  of  the  ore  in  the  tube 
mil)  for  varying  lengths  of  time  and  making  sizing  tests.  The  aim  was  to 
have  practically  everything  pass  a  100-mesh  screen.  This  method  (rf 
unit  grinding  had  to  be  adopted  on  account  of  there  being  no  arrangement 
for  the  ordinary  method  of  continuous  feed  and  discharge.  After  grind- 
ing, each  charge  was  dumped  into  a  settler  containing  622  lb.  of  mercury, 
and  after  each  charge  the  tube  mill  was  rinsed  out  with  cyanide  solution 
which  was  also  allowed  to  run  into  the  settler.  The  oak-shod  muUer 
was  raised  well  above  the  bottom  of  the  settler  so  that  there  would  be  no 
grinding  effect  upon  the  mercury.  Each  charge  was  agitated  in  the  settler 
for  a  period  of  one  hour.    It  wilt  be  noted  that  no  mercury  was  used 
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during  the  grinding.  The  idea  was  to  give  an  opportunity  for  any  parti- 
cles of  metallic  silver  or  dyscrasite,  which  might  have  resisted  grinding, 
to  settle  out  so  that  they  would  not  be  carried  down  into  the  treatment 
tanks  where  they  would  cause  trouble.  The  mercury  at  the  bottom  of 
the  settler  simply  acted  as  a  collector  for  these  particles.  Particles  of 
native  silver  and  dyscrasite  fine  enough  to  remain  in  suspension  in  the 
pulp  during  agitation  were  assumed  to  be  fine  enough  for  satisfactory 
extraction  by  solution  in  cyanide.  My  idea  of  this  operation  was  that 
it  was  a  mechanical  method,  involving  settling  rather  than  amalgamation, 
of  separating  a  portion  of  the  silver  which  would  either  not  be  dissolved 
in  the  treatment  tanks  or  would  require  an  undue  amount  of  grinding 
to  reduce  it  to  a  state  of  subdivision  fine  enough  to  be  readily  dissolved. 
After  agitation  in  the  settler  the  pulp  was  drawn  off  into  agitator  tanks  of 
the  ordinary  mechanical  type  fitted  with  means  of  introducing  air  and 
so  connected  that  the  charges  could  also  be  agitated  with  a  centrifugal 
pump.  The  progress  of  the  treatment  was  recorded  by  determinations 
made  upon  samples  taken  every  six  hours.  The  effect  of  various  forms 
of  agitation  was  studied  and  in  this  connection  pump  agitation  was  found 
to  be  the  most  effective  for  the  refractory  silver  minerals  which  dissolved 
very  slowly  at  the  last.  A  small  amount  of  air  was  introduced  during  the 
whole  agitation  period.  Pump  agitation  was  not  resortied  to  until  at 
the  last. 

The  following  assays  of  the  four  lots  of  ore  treated  show  the  dis- 
tribution of  the  silver: 


Lot  A  Lot  B  Lot  G  Lot  D 

OuDcea  Ounces  Ounoes  Ounces 

per  Ton  per  Ton  per  Ton  per  Ton 

Pulp 29.70  30.10  47.80  27.10 

Metallica  on  100  mesh 0.01  0.01  0,16  0.05 

MetalUcson  20  meeh 0.1»  0.07 

MetaUics  on  8  mesh 4.18  3.23  5.29  2.79 

MetallicB  on  4  mesh 1.24  1.33  0.46  0.98 

Commercial  assay 35.13  34.67  53.90  30.99 

Correction  on  pulp 1.30  2.00  2.90  1.10 

Corrected  assay 36.43  36.67  56.80  32.09 


The  following  analysis  by  Denny'  of  a  sample  of  the  low-grade  o 
will  show  its  general  composition. 


voL  cvii,  No.  13,  p,  487  (Sept.  27,  1913). 
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Per  Per 

cent.  cent. 

Silver 0.106  Lead O.OM 

Copper 0.270  Calcium  oxide 9.020 

ArscDic 1.880  Magnesium  oxide 4.330 

Iron 1.920  Aluminum  oitide.. . .  .-■. 10. (BO 

Sulphur 0.840  Carbon  dioidde 11.060 

Bismuth 0.010  Mercury tnre 

Nickel  and  cobalt 0.730  Inaoluble 59,840 

An  analysis  made  by  Johnson  and  Sons*  upoo  a  sample  of  the  residues 
from  the  high-grade  ore,  shows  antimony  3.8  per  cent.,  bismuth  0.09 
per  cent.,  tellurium  1.39  per  cent.,  and  traces  of  tin,  zinc,  and  magnanese, 
These  elements  are  all  undoubtedly  present  in  the  low-grade  ore  as  there 
te,  unavoidably  mingled  with  it,  more  or  less  high-grade  ore. 

I  have  also  observed  the  presence  of  a  small  amount  of  graphite  in 
Nipissing  ores. 

The  extraction  of  the  silver  by  gettling  averaged  46.7  per  cent.,  and 
the  total  extraction  by  settling  and  cyanide  treatment  at  the  end  of  four 
hours  of  grinding  and  one  hour  of  settling,  averaged  66.5;  19.8  per  cent, 
of  the  silver  was  dissolved  during  this  period  by  cyanide.  At  the  end 
of  the  first  six  hours  of  agitation,  the  total  extraction  had  reached  76.3 
per  cent.  At  the  end  of  the  next  30  hr.  of  agitation  or  a  total  agitation 
period  of  36  hr.,  the  extraction  was  87.6  per  cent.  To  raise  the  extrac- 
tion 4.2  per  cent,  or  to  reach  a  total  extraction  of  91.8  per.  cent,  required 
a  long  additional  agitation  period.  Of  the  8.2  per  cent,  of  silver  remain- 
ing after  long-continued  agitation,  3.7  per  cent,  was  soluble  in  hot  dilute 
nitric  acid.  The  average  total  percentage  of  silver  which  could  be  ex- 
tracted by  combined  settling,  cyanide  treatment,  and  dilute  nitric  acid 
was  95.5  per  e.ent.  The  proportion  of  silver  extracted  during  four  hours 
of  grinding  and  one  hour  of  settling  with  lots  C  and/),  which  were  similar 
in  character,  was  considerably  higher  than  with  lots  A  and  B,  but  the 
extraction  curves  for  C  and  D  as  the  cyanide  treatment  continues, 
straighten  out  and  soon  fall  below  the  curves  for  A  and  B.  A  continued 
slow  increase  in  extraction  was  particularly  noted  with  lot  C,  which  con- 
tains a  somewhat  higher  proportion  of  silver.  The  peculiar  character  of 
these  extraction  results  is  doubtless  due,  at  least  to  a  certain  extent,  to 
the  presence  of  a  large  proportion  of  dyscrasite,  the  coarse  portion  of  which 
settles  readily,  while  the  finely  divided  portion  dissolves  very  slowly 
in  cyanide  solution. 

Although  these  results  clearly  indicated  that  a  cyanide  plant  would 
be  most  advantageous,  it  was  the  general  consensus  of  opinion  that  more 
experimental  work  should  be  carried  on  to  simplify  and  improve  the  proc- 

*R.  B.  Watson:  Nipissing  High-grade  Mill,  Cobalt,  Engm«enng  and  Minai 
JounuU,  vol.  xciv,  No.  23,  pp.  1078-1079  (Dec.  7,  1B12). 
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ess,  if  pos^ble.  From  the  first,  there  was  a  strong  prejudice  against  the 
use  of  mercury  ia  the  low-grade  mill.  This  is  best  appreciated  by  those 
who  have  had  experience  in  handling  large  amounts  of  mercury  in  mill 
practice.  Although  certain  of  my  early  small-scale  experiments  had  not 
been  very  promising  when  it  waa  attempted  to  treat  the  whole  ore 
directly  by  cyanidation,  Mr.  Butters  Strongly  adhered  to  the  idea  of  grind- 
ing the!  whole  ore,  native  silver,  dyscrasite,  etc.,  to  such  a  degree  of  sub- 
division that  all  the  silver  could  be  dissolved  by  cyanide.  Tests  were 
accordingly  made  in  this  direction,  and  through  the  guidance  of  Mr. 
Butters,  gradually  led  into  the  present  system  of  treatment  where  the 
same  idea  of  grinding  the  native  silver  and  dyscrasite  to  a  state  of  sub- 
division such  that  it  can  be  dissolved  by  cyanide  solutions  is  practised, 
the  desulphurizing  treatment  being  only  effective  in  altering  the  sulphides 
and  sulpho-antimonides. 

Now  I  wish  to  make  this  point  very  clear,  for  this  problem  of  handling 
metallic  gold  and  silver  in  ores  which  are  cyanided,  is  one  that  has  often 
perplexed  metallurgists  and  one  that  has  resulted  in  a  variety  of  solu- 
tions. The  usual  answer  to  this  problem  although  other  methods  have 
been  used,  is  either  amalgamation  or  concentration.  On  the  one  hand, 
we  have  Mr.  Butters  who  has  taken  the  extreme  view  that  an  ore  con- 
taining native  silver  and  dyscrasite,  some  of  which  will  remain  upon  a 
4-tne8h  screen,  can  be  ground  and  cyanided  direct,  on  the  other  hand,  we 
find  some  metallurgists  amalgamating  comparatively  low-grade  gold 
ores  preliminary  to  cyanide  treatment,  where  the  actual  weight  of  metallic 
gold  to  be  ground  would  be  many  times  smaller  than  the  weight  of  the 
metallic  silver  in  Nipissii^  ore  and  everything  considered  much  easier 
to  grind  and  dissolve  than  Nipissing  silver. 

Mr.  Butters  has  demonstrated  that  his  plan  is  possible  with  Nipis- 
sing  ore,  for  the  results  being  obtained  in  the  mill  bear  testimony  to  that 
fact;  but  quite  naturally,  it  will  be  asked  at  what  cost?  Is  the  ore  ground 
excessively  simply  that  the  more  resistant  metallic  silver  and  dyscrasite 
may  be  reduced  fine  enough  to  pass  readily  into  solution  and  the  whim  of 
recovering  everything  by  cyanidation  be  satisfied?  It  is  true  of  course  that 
selective  grinding  can  be  practised  to  a  considerable  extent  with  heavy 
brittle  minerals,  but  this  is  less  true  of  the  metallic  silver  and  dyscrasite  of 
Nipissing  ore.  By  selective  grinding,  I  mean  grinding  of  an  ore  consist- 
ing of  a  relatively  light  gangue  and  a  heavy  brittle  mineral  so  that  the 
mineral  becomes  more  finely  divided  than  the  gangue.  This  auto- 
matically takes  place  in  a  closed  circuit  of  classifiers,  other  than  screens, 
and  a  tube  mill.  This  often  causes  a  mineral  to  be  ground  down  suffi- 
ciently fine  for  satisfactory  extraction  of  gold  and  silver  without  excessive 
grinding  of  the  gangue. 

As  a  result  of  the  first  experiments  which  were  made  upon  this  ore,  I 
called  particular  attention  to  the  necessity  of  extremely  fine  grinding  and 
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this  point  has  been  confirmed  by  all  who  have  since  investigated  its 
treatment.  Now  bearing  in  mind  the  necessity  for  this  extremely  fine 
grinding,  presumably  for  certain  of  the  brittle  silver  minerals,  it  is  readily 
conceivable  that  when  this  necessity  for  fine  grinding  is  satisfied  in  a 
closed  circuit  of  tube  mills  and  classifiers,  all  of  the  metallic  silver  and 
dyscrasite  will  also  have  been  reduced  to  a  degree  of  subdivision,  such 
that  it  readily  passes  into  solution.  After  all,  Mr.  Butters  may  be  right 
in  this  ease,  due  to  the  formation  of  the  ore  by  "  Dame  Nature  "  to  fit  bis 
metallurgical  ideas,  or  he  may  have  recc^nized  this  peculiarity  from  the 
outset,  and  as  all  wise  men  should  do,  has  taken  advantage  ef  it.  Under 
other  conditions  than  those  which  possibly  obtain  with  Nipissing  ore, 
such  a  procedure  could  readily  lead  to  poor  economy  through  the  ex- 
cessive grinding  of  worthless  gangue  in  order  that  metallic  gold  or  sUver 
might  be  dissolved  by  cyanide  solutions,  and  other  methods  of  recovery 
dispensed  with. 

The  so-called  desulphurizing  process  is  of  interest  as  being  the  first 
large-scale  application  of  the  use  of  a  reducing  agent  to  effect  certain 
chemical  changes  prior  to  cyanide  treatment.  To  the  thinking  operator, 
it  is  indeed  refreshing  in  this  day  of  excessive  oxidation  and  aeration  in 
cyanide  treatment,  to  note  that  at  times  there  may  be  virtue  in  reduction. 
I  might  mention  that  this  mania  for  oxidation  has  even  gone  so  far  that 
certain  operators  have  aerated  their  pr^nant  solutions  prior  to  precipi- 
tation. When  it  is  remembered  that  precipitation  is  distinctly  an  opera- 
tion of  reduction,  the  fallacy  of  this  course  is  apparent.  That  the  dde- 
terious  effect  of  air  upon  precipitation  is  no  mere  theory,  will  be  confirmed 
by  operators  usii^  zinc-dust  precipitation  who  have  experienced  air  leaks 
in  the  suction  of  their  precipitation  pump. 

The  i'dea  of  using  a  preliminary  treatment  involvii^  the  use  of 
aluminum  and  caustic  soda  in  connection  with  the  treatment  of  precioua- 
metal  ores,  is  by  no  means  new  or  original  as  many  have  supposed.  Over 
10  years  ago  Walker*  published  an  account  of  experiments  made  in  this 
direction  by  himself  and  Martin.  As  cyanide  operators  generally  are  not 
familiar  with  this  work,  I  will  quote  from  it  at  some  length. 

"  bi  an  experiment  designed  to  determine  the  effect  of  chlorine  and  cyanogen  at  tbe 
moiDent  of  liberation  at  the  anode,  ore  was  spread  on  a  piece  of  platinum  foil  iromened 
in  a  solution  of  salt  and  potassium  cyanide.  The  electrode  intended  to  act  as  cathode 
was  suspended  from  above.  Through  an  error  the  teed  wires  were  crossed  and  tbe 
platinum  plate  on  which  rested  the  ore  was  made  the  cathode.  Almost  immediately 
after  turning  on  the  current  a  purplish-red  color  was  observed  around  the  plate  and 
subsequently  a  black  cloud  was  thrown  off.  Upon  removing  the  ore  the  gold  was  found 
securely  plated  upon  the  platinum,  while  the  black  cloud,  when  collected  and  analyied, 
proved  U)  be  tellurium.    To  prove  that  the  anions  CI  and  CN  played  no  part  in  tbe 

•Walker,  W,:  H.  Note  on  the  Electro-MetaDurgy  of  Gold.  TramaOiona  t^  At 
Amtrican  Eleelrochemieal  Society,  vol.  iv,  pp.  61-53  (1003). 
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reactioD,  cauatic  sods  was  substituted  as  electrolyte  and  identical  resulta  obtained. 
Evidently  the  gold  was  being  recovered  by  cathodic  reduction  alone.  /(  was  fmmd, 
that  in  general,  any  method  which  atii^ected  the  teliuride  to  the  adion  of  naaetnt  hydrogen 
t'n  an  iMaline  aotuium  vxntld  effect  the  reduction;  or  to  put  it  differently,  tehenever  gold 
teliuride  in  the  presence  of  alkali  came  in  contact  vntk  a  Tnelal  from  which  hydrogen  wan 
being  liberated,  tdluriwn  toot  «el  free,  and  metallic  gold  appearing  on  the  metal.  Thus 
for  example,  when  powdered  teliuride  is  placed  upon  metallic  aluminum  and  moistened 
with  caustic  soda  decomposition  immediately  takes  place.  The  same  is  true  of  zinc, 
although  the  reaction  is  much  slower.  Sodium  amalgam  breaks  up  the  grains  of 
teliuride  with  great  ease.  When  an  electric  current  is  used  the  reaction  seems  to  be 
independent  of  the  metalforming  the  cathode,  and  to  take  place  in  any  neutral  or  alka- 
line solution.  ' 

"When  a  dilute  aeid  was  used  as  an  electrolyte  a  reduction  of  the  gold  was  eEfected 
with  the  greatest  difficulty.  Only  by  employing  a  very  dilute  acid  and  a  large  current 
density  could  any  apparent  decomposition  be  obtained. 

"A  possible  explanation  of  the  reaction  taking  place  is  the  following:  The  hydro- 
gen evolved  first  unites  with  the  tellurium,  farming  hydrogen  teliuride  and  free  gold. 
In  the  presence  of  alkali  this  compound  is  immediately  broken  up  with  the  formation  of 
an  alkaline  teliuride  which  is  easily  soluble,  and  thus  removes  the  tellurium  from  the 
sphere  of  action.  This  alkaline  teliuride  is  in  turn  oxidized  with  the  formation  of  free 
alkali,  and  metallic  tellurium.  In  the  presence  of  acids,  however,  the  hydrogen  teliu- 
ride is  immediately  broken  up  and  the  free  tellurium  deposited  in  situ,  as  it  were,  upon 
the  gold,  thus  protecting  it  from  further  action.  This  is  indicated  by  the  fact  that  a 
silver-white  piece  of  gold  teliuride  becomes  black  when  placed  upon  the  cathode  in  an 
acid  electrolyte,  -and  also  by  the  fact  that  when  the  amount  of  activity  of  the  acid  is 
decreased  by  diluting  the  solution  a  slight  deposition  of  gold  can  be  obtained. 

"When  the  rate  of  decomposition  is  rapid  the  gold  in  the  small  pieces  of  mineral  is 
not  evenly  deposited,  but  frequently  retains  the  original  shape  of  the  mineral 
fragment. 

"Quantitative  runs  were  made  on  a  rather  rich  sulpho-telluride  with  caustic  soda 
as  electrolyte,  and  mercury  for  the  cathode.  By  maintaining  gold  agitation  it  was  not 
difficult  toobtain  an  extraction  of  93  per  cent,  of  the  assay  value.  The  presence  of  finely 
divided  tellurium  in  the  electrolyte  seemed  to  cause  excessive  flowering  of  the  mercury 
and  much  trouble  was  experienced  from  this  cause.  When  lead  or  other  solid  metal 
was  used  as  cathode  much  gold  was  lost  by  the  abrasion  of  the  moving  ore. 

"Good  results  were  also  obtained  by  agitating  the  ore  with  aluminum  shavings  in 
the  preoence  of  caustic  soda  solution,  washing  out  the  tellurium  and  amalgamating  the 
tree  gold." 

Reed*  has  pointed  out  that  reduction  of  a  metal  from  one  of  its 
compounds  by  solution  of  another  metal,  is  not  due  to  nascent  hydrogen 
evolved  by  dissolving  the  metal  added  but  to  the  electromotive  force 
which  is  maintained  by  the  energy  of  the  dissolving  metal. 

I  was  familiar  with  the  work  of  Walker  and  Martin  a  number  of  years 
before  ^we  began  the  Nipissing  investigation  and  had  considered  the 
possible  application  of  this  method  of  reduction  as  a  preliminary  treat- 
ment for  silver  ores  which  were  to  be  cyanided.  But  it  had  seemed  to  me 
that  as  the  practice  of  fine  grinding  and  various  other  refinements  in 

'Heed,  C.  J.;  The  Nascent  State,  TTanaadiont  of  the  American  Electrochemtei^ 
Societu,  vol,  i,  PP..69-78  (1902). 
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the  cyanidation  of  silver  ores,  or  ores  in  which  silver  predominated, 
developed,  extractions  had  reached  such  a  high  stage  in  the  majority  of 
cases  that  there  was  little  room  for  the  introduction  of  an  extra  operation 
with  its  attendant  complication  and  expense,  even  though  at  the  outset  it 
were  conceded  that  a  slightly  better,  or  possibly  a  more  rapid  extraction, 
could  be  obtained.  It  must  be  remembered  that  moat  silver  minerals 
(there  are  exceptions)  are  soluble  in  cyanide  solutions  of  proper  strength 
when  reduced  to  a  sufficiently  finely  divided  state  and  given  the  proper 
time  of  contact.  This  is  even  true  of  Nipissing  low-^ade  ore;  But  with 
certain  of  the  ores,  excessively  fine  grinding  is  required  and  an  almost 
prohibitive  time  of  contact  to  recover  the  last  of  recoverable  silver.  Judg- 
ing from  a  rather  extensive  experience  in  the  treatment  of  silver  by  the 
cyanide  process,  together  with  the  fragmentary  and  at  times  contradic- 
tory data  available  upon  the  solubility  of  silver  minerals  in  cyanide 
solutions,  I  am  forced  to  believe  that  there  is  a  great  difference  in  the 
rate  of  solubiUty  of  the  same  silver  mineral  occurring  in  different  localities. 

At  Virginia  City,  Nev.,  the  predominant  silver  combinations  are  the 
sulphides  and  sulpho-antimonides.  My  experience  with  Comstock  ores 
covering  many  small-scale  tests  as  well  as  actual  mill  operation,  for  a 
considerable  period,  is  that  these  ores  are  favorable  for  cyanide  treatment 
either  direct  or  in  combination  with  concentration. 

The  more  recent  experience  of  Symmes'  at  the  Mexican  mill,  Virginia 
City  bears  this  out,  as  he  has  very  successfully  treated  these  ores  without 
concentration  or  other  preliminary  treatment.  This  is  often  true  of  the 
ores  from  other  districts  in  the  United  States  and  Mexico  where  the 
sulphide  and  sulpho-antimonide  minerals  of  silver  predominate.  It  ifi, 
however,  true  that  the  same  degree  of  comminution,  strength  of  solu- 
tion in  alkaline  cyanide,  and  a  period  of  contact  is  not  in  all  cases  equally 
effective.  It  is  therefore  evident  that  there  is  a  very  marked  difference 
regarding  the  solubility  of  the  sulphide  and  sulpho-antimonide  minerals 
occurring  in  different  districts,  and  even  at  times  in  the  same  mine.  There 
are  unquestionably  many  plants  now  treating  ores  in  which  the  sul- 
phide and  sulpho-antimonide  of  silver  predominate  where  it  would  not 
prove  profitable  to  introduce  this  preliminary  treatment.  However,  it 
should  be  realized  that  there  might  be  special  cases  where  it  would  be 
advantageous. 

The  use  of  this  preliminary  reduction  in  other  districts  should  there- 
fore be  approached  with  caution  and  only  adopted  after  it  has  been 
clearly  demonstrated  that  the  extraction  is  sufficiently  improved  or 
facilitated  to  produce  an  additional  profit  above  the  cost  of  the  extra 
operation  involved. 

The  conditions  obtaining  in  the  treatment  of  telluride  ores  are  some- 

'Symmes,  Wbitman:  Personal  oommunioation. 
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what  different  in  that  on  account  of  the  supposed  insolubility  of  the  tellu- 
ride  minerals  some  kind  of  preliminary  treatment  is  deemed  necessary  if 
the  gold  or  silver  is  to  be  dissolved  by  cyanide,  however,  here  reduction 
would  have  to  compete  with  other  forms  of  preliminary  treatment 
already  in  successful  operation. 

The  tellurides  of  gold  and  silver  are  generally  assumed  to  be  insoluble 
in  cyanide  solutions,  athough  certain  experimental  data  and  mill  results 
lead  me  to  think  that  this  statement  is  not  strictly  true.  At  any  rate 
even  in  the  treatment  of  the  lowest  grade  ores,  as  for  example  in  the 
Cripple  Creek  district,  where  concentration  precedes  cyanide  treatment, 
the  average  extraction  of  the  gold  does  not  perhaps  exceed  75  per  cent. 
Aside  from  these  very  low-grade  ores  where  the  extraction  must  be 
sacrificed  for  costs  in  order  that  the  greatest  ultimate  profit  may  be 
obtained,  the  practice  has  been  and  still  is  to  roast  preliminary  to  fine 
grinding  and  cyanide  treatment.  It  will  thus  be  seen  that  the  preliminary 
treatment  of  roasting  for  the  breaking  up  of  the  telluride  combination 
(chiefly  with  gold  in  this  case)  or  the  partially  effectual  operation  of 
concentration  for  the  removal  of  the  telluride  minerals  in  the  case  of  the 
low-^rade  ore  is  deemed  absolutely  necessary  for  the  most  satisfactory 
results  in  present-day  practice.  However,  there  is  no  telling  what  the  fu- 
ture will  bring  forth. 

Ores  containing  the  telluride  minerals  of  gold  and  silver  are  not  of 
great  commercial  importance  in  this  country  except  in  the  Cripple  Creek 
district.  Therefore  a  consideration  of  possibilities  in  this  district  will  be 
of  interest.  With  these  ores  the  issue  would  be  between  preliminary  treat- 
ment by  reduction  followed  by  cyanide  treatment  as  against,  of  the  case 
of  the  low-grade  ore,  concentration  and  cyanide  treatment  (in  most  cases 
the  concentrates  are  shipped  to  outside  reduction  plants)  and  in  the  case 
of  the  higher-grade  ore,  roasting  followed  by  cyanide  treatment. 

Due  to  favorable  location  and  cheap  fuel  the  cost  of  roasting  of  the 
Cripple  Creek  ores  has  been  brought  to  a  very  low  figure  and  the  per- 
centage of  extraction  is  very  high  upon  the  properly  roasted  ore.  Of 
course  it  is  only  fair  to  say  that  there  are  losses  occurring  during  roasting 
through  dusting  and  volatilization  which  should  be  added  to  the  cost 
of  roasting;  but  in  the  case  of  the  two  modern  mills  operating  at  Colorado 
Springs  these  losses  are  doubtless  small,  so  that  in  the  present  discussion 
as  they  are  not  definitely  known,  they  will  have  to  be  ignored.  It  there- 
fore appears  that  the  extraction  would  have  to  be  fully  as  high  by  an 
all-wet  method  as  when  roasting  was  used.  At  the  present  time  we  have 
no  means  of  knowing  what  it  would  be  with  telluride  gold  ores.  The 
problem  also  arises  as  to  whether  reduction  would  be  as  effective  upon  the 
Bulpho-tellurides  as  upon  the  simple  tellurides.  It  would  thereifore  appear 
that  where  this  method  has  to  compete  with  the  lowest  cost  roasting 
practice  in  the  world  (dead  oxidizii^  roast  of  gold  ores)  that  it  might  not 
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prove  advantageous.  The  relative  cost  of  a  roasting  plant  and  a  plant 
for  the  wet  treatment  would  of  course  be  a  factor  which  would  have  to  be 
given  due  consideration  in  building  new  plants.  If  we  assume  that  both 
methods  are  equally  effective  it  would  appear  that  the  wet  treatment  plant 
fora  given  tonnage  would  cost  less  than  the  roasting  plant  but  in  thecase 
of  Cripple  Creek  ores  where  the  roasting  plants  are  already  installed,  in 
view  of  the  relative  cost  of  the  two  operations,  it  would  appear  difficult 
for  the  wet  process  to  supplant  roasting  in  this  district,  unless  at  least  as 
good  an  extraction  be  conceded  to  .be  possible  with  the  wet  process. 
However,  loi^  range  predictions  are  extremely  difficult  to  make  and  a 
careful  investigation  of  this  subject  in  connection  with  Cripple  Creek 
ores  would  prove  most  interesting  and  might  lead  to  important  develop- 
ments. 

In  a  district  producing  telluride  ores,  where  the  cost  of  roasting  was 
high  due  to  local  conditions,  and  such  a  district  might  be  discovered  in  the 
future,  this  process  of  reduction  would  merit  particular  consideration. 

The  data  now  available  upon  preliminary  reduction  is  limited  to  its 
application  upon  a  working  scale  to  the  treatment  of  the  sulphides  and 
sulpho-antimonides  of  silver  at  one  property,  and  the  use  in  this  case  oi 
aluminum  and  caustic  soda  as  a  reducii^  agent.  Small-scale  experiments 
have  been  made  upon  gold  tellurides  in  which  reduction  has  been  obtained 
by  aluminum  and  caustic  soda  as  well  as  by  electrolysis.  The  effect  of 
reduction  upon  other  combinations  and  associations  of  the  precious  metals 
as  well  as  an  inquiry  into  the  effectiveness  and  economy  of  other  methods 
of  obtaining  reduction  should  be  made  in  a  thorough  manner. 

One  question  which  at  once  arises  is  the  reduction  selective,  or  in 
other  words  what  other  combinations  than  those  of  the  precious  metals 
are  decomposed?  And  in  what  order  are  they  decomposed?  This  would 
seem  to  be  a  vital  point  for  if  in  certain  cases  it  would  be  necessary  to  de- 
compose a  large  proportion  of  valueless  minerals  before  the  reagent  be< 
came  effective  upon  the  precioua-nietal  combinations,  it  would  certainly 
be  a  most  serious  drawback.  There  might  also  in  certain  cases  be  reduc- 
tion products  formed  which  would  interfere  with  cyanide  treatment  or 
cause  a  high  cyanide  loss. 

.Another  question  which  arises,  particularly  in  regard  to  the  sulpho- 
antimonides:  Whatistherelativeeffect  of  using  a  preliminary  treatment 
with  caustic  soda  alone  as  against  the  use  of  caustic  soda  in  combination 
with  aluminum.  There  is  a  certain  amount  of  evidence  which  seems  to 
indicate  that  there  are  cases  where  all  that  would  be  necessary  would 
be  to  use  a  preliminary  treatment  with  caustic  soda  solution  or  caustic 
soda  in  combination  with  the  cyanide  solution. 

A  number  of  years  ago,  an  investigation  was  earned  on  under  the 
direction  of  C.  W.  Merrill*  in  connection  with  the  treatment  of  the  so- 
*  Personal  Communication. 
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called  refractory  blue  ores  of  the  Black  Hills  of  South  Dakota.  In  the 
course  of  this  work  it  was  discovered  that  a  preliminary  treatment  with 
caustic  soda  solution  in  conjunction  with  air  rendered  the  ore  amenable 
to  cyanide  treatment.  There  has  been  at  least  one  case  in  Australia  where 
an  antimonial  gold  ore  was  rendered  amenable  to  cyanide  treatment  by  a 
preliminary  treatment  with  caustic  soda.  At  about  the  same  time  that 
the  Nipissing  process  was  being  developed,  I  had  under  consideration  the 
treatment  of  some  roasted  telluride  concentrate  which  bad  already  been 
treated  by  the  cyanide  process.  Realizing  that  perhaps  the  maximum 
effect  had  been  obtained  in  the  direction  of  an  oxidizing  treatment  and 
remembering  the  work  of  Walker  and  Martin,  I  made  a  series  of  tests  in 
which  reduction  treatment  with  aluminum  and  caustic  soda,  and  zinc  and 
caustic  soda  preceded  cyanide  treatment.  The  extractions  were  most 
satisfactory,  but  a  further  series  of  tests  hi  which  the  aluminum  and  zinc 
were  omitted  gave  equally  good  extractions.  It  might  be  mentioned  that 
the  effect  was  not  due  to  the  presence  of  tellurides,  for  all  the  tellurides 
had  been  decomposed  and  the  tellurium  removed  by  roasting,  as  proved 
by  determinations  made  for  tellurium,  but  to  another  condition  which  I 
am  not  at  present  at  liberty  to  enlarge  upon. 

Johnston  states  in  the  article  under  discussion,  that  the  working 
solutions  at  the  Nipissing  mill  are  more  active  thim  freshly  made  up 
solutions.  Denny'  attributes  this  to  the  presence  of  caustic  soda  in  the 
solution,  and  its  effect  in  aiding  the  decomposition  of  dyscrasite  (an 
antimonide  of  silver  of  varying  composition).  It  is  also  well  to  bear  in 
mind  that  this  mineral  is  not  affected  by  the  reducti9n  treatment. 

To  quote  further  from  Walker,  it  will  be  noted  that  he  greatly  magnified 
the  difficulty  of  applying  reduction  upon  a  large  scale.  It  must  however 
be  remembered  that  his  work  was  done  over  10  years  ago  and  at  that 
time  fine  grinding  was  not  generally  used  in  connection  with  the  treatment 
of  gold  and  silver  ores.  In  other  words,  the  time  was  not  ripe  for  the 
practical  application  of  the  idea. 

"The  enormous  practical  difficulties  in  the  way  of  using  a  method  of  this  kind  is 

appreciated  when  we  coneiderthat  every  minute  aparticle  of  mineral  scattered  through 
the  relatively  enormous  quantity  ot  gangue  must  be  brought  into  direct  contact  with 
the  Burfaoe,  liberating  the  hydrogen  before  any  reaction  will  take  place.  The  fact 
that  telluiidea  of  gold  are  insoluble  in  potaaaium  cyanide,  and  bo  far  as  electrolytic 
methods  are  concerned  are  affected  only  by  cathodic  reduction  may  explain  why  many 
electrolytic  processes  have  promised  well  when  experimenting  with  rich  ores  but  have 
failed  when  worked  upon  poor  or  lean  ores.  With  a  rich  ore  on  a  small  scale  it  is  not 
difficult  to  bring  a  large  percentage  ot  the  individual  particles  into  direct  contact  with 
the  active  surface  and  thus  get  a  high  extraction,  even  though  the  experimenter  was 

'  Denny,  James :  Desulphurizing  Silver  Ores  at  Cobalt,  Mining  and  Sdenlific  Prest, 
vol.  cvii,  No.  13,  p.  488  (Sept.  27,   1913). 

'  Walker,  W.  H, :  Note  on  the  Electrometallurgy  of  Gold,  Tramaclion*  of  the  Ameri- 
can EUdTochemicta  Society,  vol.  iv,  pp.  63-64  (1903). 
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ignorant  of  the  reaction  by  which  the  values  are  recovered.  In  a  lean  ore,  however, 
on  a  practical  scale  each  particle  of  ore  is  surrounded  by  such  a  great  quantity  of  gangue 
that  an  amount  of  agitation  sufficient  to  keep  the  ore  in  suspension  and  to  allow  tbe 
passage  of  the  electric  current  is  not  capable  of  effecting  complete  reduction  at  the 
cathode  or  other  active  surface." 

There  would  seem  to  be  several  condrtiona  which  would  have  to  be 
fully  met  to  make  the  operation  both  effective  and  economical.  Pirst, 
every  particle  of  miaeral  should  be  brought  directly  in  contact  with  the 
reacting  substances;  this  presents  quite  a  problem  as  the  mineral  particles 
to  be  decomposed  form  a  very  small  proportion  of  the  total  mass  which 
it  is  necessary  to  subject  to  reduction;  second,  the  presence  of  any  excesa 
of  the  metal  used  in  the  pulp  to  be  cyanided,  would  cause  permature 
precipitation  and  would  therefore  be  fatal  to  the  best  results;  third  the 
reaction  would  be  sufficiently '  slow  so  that  reduction  would  precede 
without  undue  waste  of  the  reagent.  To  sum  up :  The  reduction  of  the 
refractory  mineral  should  take  place  as  completely  as  possible  with  a 
minimum  consumption  of  reagents  and  without  any  excess  of  tbe  metal 
used  remainir^  in  the  pulp  at  the  end  of  the  treatment  and  where-iinc 
precipitation  was  used  caustic  soda  should  be  eliminated  so  far  as  possible. 

The  passage  of  the  pulp  through  the  tube  mill  containingtheolumbum 
slugs  seems  to  fulfill  all  these  conditions. 

The  author  seems  to  be  strongly  of  the  opinion  that  zinc  dust  could 
not  have  been  used  as  a  precipitant  in  the  Nipissii^  low-grade  mill  on  ac- 
count of  the  fouling  of  the  solution  as  solutions  containing  arsenic  and 
zinc  were  shown  togive  a  diminished  extraction. 

Hamilton*  is  also  of  the  same  opinion,  but  Denny'"  is  not  so  sure  that 
it  would  not  have  been  possible  to  overcome  the  difficulties  which  arose 
when  zinc  was  used  as  a  precipitant-  In  some  of  the  experiments  whichhe 
made  in  which  zinc  dust  was  used,  he  found  that  after  the  solution  was 
allowed  to  st^id  eight  days,  it  recovered  its  original  dissolving  power,  but 
he  was  at  a  loss  to  explain  this  phenomenon.  A  very  plausible  explanation 
for  this  is  apparent  when  the  behavior  of  zinc  precipitation  in  treating  the 
high-grade  ore  is  considered.  Apparently,  so  far  as  I  have  been  able  to 
observe,  this  difficulty  does  not  arise  in  treating  the  high-grade  ore 
although  the  amount  of  deleterious  impurities  as  well  as  zinc  paarang 
into  solution  is  many  times  that  encountered  with  the  low-grade  ore. 
The  cyanide  concentration  is  of  course  much  higher,  which  is  not  without 
its  influence;  but  further  than  that  the  real  explanation  seems  to  be  that 
the  arsenic,  antimony,  etc.,  separate  during  and  after  precipitation  from 
the  solution  to  a  concentration  which  does  not  interfere  under  the  condi- 

*  Hamilton,  E.  M.:  Aluminum  Precipitation  at  Nipissing,  Bnifineenno  and  Min- 
ing Journal.,  vol.  xev,  No.   19,  p.,  935  (May  10,  I9I3). 

'°  Denny,  James  J.:  Desulphurizing  Silver  Orea  At  CobaXt,  Mining  and  Sriettlifit 
Press,  vol.  cvii..  No.  13,  p.  48  {  Sept.  27,  1913) 
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tions  of  treatmeat  maintained.  Tlie  precentage  of  zinc  is  also  reduced 
upon  standing  as  well  as  by  reactions  whicti  take  place  when  the  solu- 
tion comes  in  contact  with  a  fresh  lot  of,  ore  and  the  mercury  during 
amalgamation. 

Shortly  after  starting  the  high-grade  plant,  I  observed  that  there 
was  a  considerable  amount  of  finely  divided  black  precipitate  being 
carried  over  from  the  foot  of  the  precipitation  boxes  into  the  sump. 
This  was  at  first  thought  to  be  a  silver  precipitate  in  suspension  due  to  the 
violent  action  in  the  boxes,  but  it  was  soon  demonstrated  that  it  contained 
a  relatively  small  proportion  of  silver.  At  times  the  solution  leaving  the 
foot  of  the  boxes  would  be  a  clear  wine  color.  A  sample  of  this  colored 
solution  when  allowed  to  stand  in  a  glass  beaker  for  some  time  became  the 
color  of  the  ordinary  solution  while  at  the  bottom  of  the  beaker  there  was 
deposited  a  black  precipitate.  Watson"  gives  the  followit^  analysb  of 
the  precipitate  which  collects  in  the  bottom  of  the  sumps  at  the  High- 
Grade  mill : 

Pet  Cent.  Per  Cent. 

Silver 0.394  Iron 5.040 

Mercury 2.510  Nickel 9.060 

Antimony 3.300  Cobalt 7.030 

Arsenic 32.640  Lime 9.240 

Sulphur 10.130  Carbon  dioxide 7.260 

Silica. 5.362  Manganese trace 

Zinc 2.257 

It  is  evident  that  these  impurities  are  much  more  difficult  to  precip- 
itate than  the  silver  for  they  seem  to  separate  largely  at  the  foot  of  the 
precipitation  boxes,  and  indeed  a  part  of  it  goes  over  as  a  colloidal 
solution  from  which  the  precipitate  separates  completely,  only  after  stand- 
ing several  days  in  the  sump  tanks.  It  might  be  mentioned  that  agita- 
tion seemed  to  facilitate  this  separation.  In  precipitating  the  solutions 
from  the  first  lai^e-scale  tests  by  zinc-shaving  precipitation,  the  wine- 
colored  colloidal  solution  was  noted  at  times  at  the  foot  of  the  precipita- 
tion boxes.  However,  in  general,  it  was  not  apparent  with  the  low-grade 
ore  on  account  of  the  much  smaller  percentage  of  the  deleterious  elements 
which  it  contains.  In  general  zinc-shaving  precipitation  throughout 
my  testa  gave  very  complete  and  statisfactory  precipitation;  but  it  must 
be  remembered  that  conditions  were  somewhat  different  than  those 
obtaining  in  the  treatment  later  developed.  My  own  observation  together 
with  facta  given  by  Denny,  lead  me  to  think  that  zinc  precipitation  under 
proper  conditions  would  not  have  been  impossible  in  the  cynidation  of 
Nipissing  low-grade  ore.  However,  it  would,  no  doubt,  have  required  a 
very  careful  investigation  of  the  conditions  governing  the  separation  of 
the  undesirable  impurities  from  solution  during  and  after  precipitation. 

"Watson,  R.  6.;  Nipiasing  High  Grade  Mill,  Engineering  and  Mining  Journal,  vol. 
xciv.  No.  23,  p.  1080  (Dec.  7,  1912). 
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Perhaps  the  chief  iDterest  in  the  discussioQ  of  this  feature  of  Nipissing 
practice  centers  about  its  applicability  elsewhere.  This  is  a  subject  which 
must  be  approached  with  considerable  caution  for  despite  the  general 
prej  udice  which  has  existed  against  zinc  since  the  cyanide  process  was  first 
introduced,  zinc  has  in  the  great  majority  of  cases  been  giving  most 
excellent  results,  particularly  when  used  in  the  form  of  zinc  dust.  Thi$ 
statement  is  made  as  aresult  of  a  most  critical  consideration  of  the  whole 
field  of  precipitation  with  a  view  of  findii^  a  substitute  for  zinc  which 
would  perform  all  its  functions.  The  use  of  aluminum  or  even  aluminum 
dust  as  a  precipitant,  is  by  no  means  a  new  idea  so  that  if  it  did  not 
possess  some  very  obvious  disadvantages  it  would  have  come  into  general 
use  as  a  precipitant  for  gold  and  silver  from  cyanide  solutions  long  ere 
this.  I  am  inclined  to  think  that  its  future  use  will  be  still  confined  to 
special  cases. 

Moldenhauer'*  first  proposed  the  use  of  aluminum  as  a  precipitant 
and  obtained  a  patent  for  its  use  in  1893. 

Early  experiments  with  it  by  Julian'*  in  South  Africa  in  the  form  of 
plates  and  shavings  with  solutions  containing  gold,  did  not  prove  satis- 
factory. The  following  quotation  from  Julian  will  give  an  idea  of  the 
difficulties  encountered: 

"  It  is  necessary  for  efficient  precipitatioa  ttiat  either  free  alkali  or  free  acid  should 
be  preaent  in  the  solution.  For  obvious  reaaona,  the  latt«r  is  difficult  to  apply,  if  nol 
impracticable,  in  the  cyanide  process.  It  was  found  aft«r  the  process  bad  been  at 
work  some  weeks  that  aluminum  began  to  deposit  on  the  ahavipg,  which  retarded 
precipitation  of  the  gold.  This  was  easily  rectified  by  the  addition  of  a  little  allcali 
at  the  head  of  the  box,  but  as  time  went  on  the  ever  increasing  quantity  of  alumina  in 
the  working  eolutions  became  more  and  more  troublesome.  Attempts  were  made  to 
remove  the  alumina  by  precipitating  it  in  the  solution  tanks,  and  then  leave  it  behind 
in  the  ore,  but  it  was  found  that  tnhenever  alumina  uvu  precipiifUtd  in  a  cyanide  solu'ton 
it  alw  carried  down  a  large  proportion  of  the  free  cyanide.  Methodshave  been  si^gested 
for  overcoming  the  difficulty,  but  at  a  prohibitive  cost." 

Kirkpatrick'*  began  experiments  in  1906  with  aluminum  dust  as  a 
precipitant  and  states  that,  when  used  in  the  form  of  dust,  the  difficulties 
experienced  by  the  earlier  experimenters  are  overcome.  Nevertheless, 
it  is  difficult  to  see  how  this  could  have  any  effect  upon  the  formation  and 
separation  of  alumina  from  the  solutions.  The  use  of  aluminum  dust 
was  first  applied  commercially  by  the  Deloro  Mining  &  deduction  Co.  in 
1908  and  was  in  use  as  late  as  June,  1913,  in  connection  with  the  cyanida- 
tion  of  the  speiss  resulting  from  the  smelting  of  Cobalt  high-grade  ores- 
The  same  interests  introduced  its  use  at  the  O'Brien  mill,  in  the  Cobalt 

"  Moldenhnuet,  Carl:  New  Zealand,  Patent  August  31,  1893. 

"Forbes,  Julian  H.  and  Smart,  Edgar:  Cyaniding  Gold  and  Silver  Ore»,  2A  <ri., 
pp.  164  and  166.    (London, i907.)' 

'*  Kirkpatrick,  S.  F.;  Aluminum  Precipitation  at  Deloro,  Canada,  Engineering  and 
Mining  Journal,  vol.  xcv.  No.  26,  p.  1277  (June  28,  1913). 
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district  where,  although  in  uae  about  three  years,  it  attracted  but  little 
attentioQ.  The  general  character  of  the  ore  treated  at  the  O'Brien  mill 
is  simitar  to  that  treated  at  the  Nipissing  low-grade  mill.  Rough  con- 
centration is  practised  prior  to  cyanidation. 

Tbehighcostof  aluminum  dust  as  compared  with  the  cost  of  the  metal 
in  other  forms  as  well  as  a  part  of  the  difficulty  of  wetting  it  and  the  com- 
paratively long  period  of  violent  agitation  necessary,  even  in  precipitating 
silver  solutions  due  to  a  coating  of  the  oxide  and  stearine,  is  largely  ex- 
plained by  a  consideration  of  the  method  of  manufacture.'* 

Itisnecesaary  to  start  with  the  foil  or  leaf  aaa  raw  materi&I.  This  is  manufactuied 
by  a  special  system  of  rolling  or  combined  roiling  and  hammering,  and  it  is  about  0.01 
mm.  in  thickness.  With  either  process,  the  percentage  of  first  class  foil  is  only  33  to 
35  per  cent,  of  the  0.04-mm.  metal  started  with.  Theimperfectfoilisconvertedihto 
dust  by  oommiDutioD  in  two  series  of  special  stamp  mills.  The  product  from  the 
first  series  of  stampa  is  classified  and  the  finest  of  the  product  separated  and  passed 
on  to  the  second  series  of  stamps  for  the  completion  of  the  operation.  During  this 
second  stamping,  the  difficulty  due  to  the  agglomeration  and  welding  of  the  particles 
is  overcome  by  the  addition  of  2  per  cent,  of  stearine.  The  product  of  the  second 
series  of  stamps  after  being  screened  through  No.  200  silk  bolting  olotb,  is  further 
classified  by  a  winnowing  process.  Although  the  finished  product  is  polished  in  a 
special  cylinder  by  brushes,  a  considerable  proportion  of  the  2  per  cent,  of  stearine 
used  to  prevent  agglomeratioa  must  still  remain  as  a  ooating  upon  the  particles  of  the 
finished  product. 

Butters"  has  sought  to  overcome  some  of  the  difficulties  of  aluminum- 
dust  precipitation  by  a  system  employing  granulated  aluminum  in  a  tube 
mill  through  which  the  solution  to  be  precipitated  is  passed  during  rota- 
tion of  the  mill.  The  bulk  of  the  precipitate  is  to  be  collected  by  sub- 
sequently passing  the  solution  through  a  filter  press.  * 

In  order  to  come  to  the  point,  let  us  ask  a  few  pertinent  questions: 
first,  is  aluminum-dust  precipitation  cheaper  than  zinc-dust  precipitation? 
(of  course  in  this  connection  we  must  give  due  consideration  to  all  factors, 
even  those  having  an  indirect  bearing  upon  the  subject) ;  second,  is  there 
any  function  which  it  would  not  perform  which  zinc  does?  third,  is  it  as 
eifective  for  dilute  solutions  containing  a  small  proportion  of  metal  as  is 
often  eneoimtered  in  treating  low-grade  gold  ores? 

The  average  consumption  of  aluminum  dust  over  a  period  of  nine 
months,  is  given  as  being  1  lb.  avoirdupois  for  each  3.104  lb.  avoirdupois 
of  silver  precipitated.  In  the  P^ichuca  district'^  it  has  been  regular  prac- 
tice with  a  Merrill  zinc-dust  precipitation  system  to  precipitate  1  lb.  of 


'*  Process  used  at  La  Prai  and  CharleviUe — sue  Anelle  by  theSooi€t€  frauoaise  de 
Couleurs  m^alliques. 

L.  Guillet:  Reime  de  MitaUtirgie,  vol.  ix,  pp.  147  to  159  (1912);  also  Mineral  In- 
duitry,  vol.ind,  pp.  23,  24  (1912). 

"  U.  8.  Patent  No.  1,092,765,  Apr.  7,  1914. 

"  Merrill,  C.  W. :  Personal  oommunication. 
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fine  bullion  per  pound  of  zinc  dust,  and  with  a  double  circuit  system  of 
precipitation  even  better  results  have  been  attained.  There  is  no  doubt 
that  this  result  could  be  duplicated  or  bettered  at  the  Nipissing  low-grade 
mill,  for  in  general  with  zinc  precipitation,  the  greater  the  proportion  of 
silver  in  the  solution  to  be  precipitated,  other  conditions  being  the  same, 
the  higher  the  efficiency. 

Hamilton"  gives  the  cost  of  zinc  dust  laid  down  at  the  Nipissing  plant 
at  7c.  per  pound  while  aluminum  dust  costs  35  to  39c.  per  pound.  Sup- 
pose that  no  charge  is  made  for  the  caustic  soda  necessary  with  aluminum 
or  the  extra  power  necessary  for  agitation,  or  no  allowance  for  the  cyaiude 
carried  down  with  the  alumina  which  sooner  or  later  must  separate  from 
the  solution,  and  no  credit  is  given  the  aluminum  for  cyanide  regenerated, 
we^find  that  the  actual  cost  of  precipitating  a  pound  of  silver  with  aluminum 
would  be  11.3  tol2.5c.  white  with  zinc  dust,  the  cost  of  precipitating  s 
pound  of  silver  would  be  7c.  Upon  this  hypothetical  basis,  the  costs  we 
very  much  in  favor  of  zinc.  The  cyanide  regenerated  has  of  course  a 
most  important  bearing  upon  the  cost  of  precipitation  as  the  value  of  all 
that  is  saved  should  be  deducted  from  the  total  cost  of  aluminum  pre- 
cipitation. I  prefer  to  use  the  term,  saved,  rather  than  regenerated,  for 
the  reason  that  cyanide  may  appear  to  be  regenerated,  as  indicated  by 
titration  at  various  stages  of  the  process,  and  still  thb  may  not  con- 
stitute a  real  saving  in  the  amount  eventually  used. 

The  regeneration  of  cyanide  noted  is  1.67  lb.  per  ton  or  408  lb,  per  day. 
And  as  this  is  given  as  one  of  the  practical  benefits  gained  by  a  change  in 
the  mill  plan  from  zinc  dust  to  aluminum-dust  precipitation,  it  deserves 
careful  consideration.  (Zinc  dust  was  never  used  in  the  completed  mill). 
In  other  worQs,  it  is  claimed  that  there  would  have  been  required  1.67  lb. 
per  ton  of  ore  treated  or  a  total  of  408  lb.  per  day,  additional  cyanide  if 
zinc  precipitation  had  been  used. 

This  claim  for  cyanide  regenerated  is  evidently  based  upon  the  dif- 
ference between  titrations  made  upon  the  solutions  before  and  after 
precipitation.  There  will  be  considerable  difference  of  opinion  regarding 
just  how  much  weight  should  be  given  determinations  of  this  kind  as  in- 
dicating the  amount  of  cyanide  which  would  actually  be  saved  to  a  plant 
through  aluminum  or  any  other  form  of  precipitation.  As  havii^  a  direct 
bearing  upon  this  question,  the  extreme  view  of  Hamilton"  is  quoted: 

"Some  may  dispute  the  ground  I  take  when  I  count  as  lost  the  cyanide  that 
remains  oombined  with  zinc,  because  it  is  often  stated  that  the  double  cyanide  of  linc 
and  potassium  isalmost  as  efficient  for  dissolving  purposes aa  thesimple  cyanide.  My 
experience  is,  however  (at  any  rate  in  the  case  of  silver  ores),  that  the  reading  obtained 
by  the  use  of  potassium  iodide  indicator  with  excess  of  caustic,  is  worthies  aa  a 

"Hamilton,  E.  M.;  Aluminum  Precipitation  at  Nipissing,  £fvin«^'V'"' ^*"''V 
Jmimal,  vol.  xcv.  No.  19,  p.  939  {May  10,  1913). 
'•Idem,  p.  936. 


.coy  Google 


MILL  AND   PBACTICB  OF  THE  NIPISSING   MINING  CO..   LTD.        1491 

measure  of  the  diBsolviiig  power  of  a  cyaaide  solutioa,  the  efficiency  being  for  practical 
purpoaee  proportional  to  the  "free"  cyanide  reading  obtained  by  stopping  at  the  first 
faint  opalescence  without  the  use  of  potassium  iodide  indicator." 

Now  if  we  concede  this  saving  in  cy&nide,  claimed  through  precipita- 
tion with  aluminum,  it  is  necessary  for  us  to  agree  with  Hamilton's  state- 
ment regarding  the  absolute  loss  of  all  cyanide  combined  with  zinc,  and 
concede  the  entire  effectiveness  of  that  liberated  by  aluminum. 

Most  operators  will  disagree  with  this  extreme  view,  but  regarding  the 
degree  to  which  cyanide  combined  with  zinc  becomes,  later,  available  for 
extraction  there  would  of  course  be  a  great  diversity  of  opinion. 

There  is  no  accurate  method  for  the  determination  of  the  uncombined 
alkaline  cyanides  in  mill  solutions.  The  method  invariably  used  in 
present-day  mill  work,  is  the  well-known  Liebig  titration  which  employs  a 
solution  of  silver  nitrate.  Practice  in  its  application  differs  somewhat 
in  that  at  times,  certain  constituents  in  the  cyanide  solution  are  depended 
upon  to  act  as  an  indicator,  and  again  an  independent  indicator  is  added. 
A  great  variety  of  results  will  be  obtained  from  the  same  mill  solution, 
particularly  if  much  zinc  is  present,  depending  upon  the  indicator  used 
and  the  extent  to  which  the  solution  has  been  diluted  prior  to  titration. 
The  method  of  titration  without  dilution  and  without  an  indicator  generally 
gives  the  lowest  result  and  perhaps  the  one  which,  in  most  cases,  is  the 
most  nearly  a  measure  of  the  simple  alkaline  cyanide  present,  but  let  no 
man  delude  himself  into  thinking  that  it  gives  an  accurate  result  in  a  mill 
solution,  especially  one  containing  zinc,  whereas  the  other  methods  are 
inaccurate.  This  procedure,  while  relatively  more  accurate  than  that  in 
which  potassium  iodide  (the  most  generally  used  indicator)  is  added  and 
the  titration  carried  to  the  first  yellow  opalescence  instead  of  stopping 
at  the  first  faint  white  opalescence  as  in  the  method  when  an  indicator  is 
not  used  is  more  difficult  to  carry  out.  Its  proper  performance  requires 
considerable  experience,  absolutely  clean  apparatus,  and  a  good  light. 
As  the  cyanide  indicated  by  any  modification  of  the  Liebig  method,  is 
only  relative,  a  great  many  operators  prefer  to  use  potassium  iodide  as 
an  indicator  on  account  of  the  greater  ease  with  which  the  determination 
is  made.  If  proper  allowance  be  made  for  the  higher  result  obtained  when 
potassium  iodide  is  used,  there  is  no  reason  why  the  operation  of  a  cyanide 
plant  cannot  be  just  as  successfully  carried  on  when  guided  by  titrations 
made  with  potassium  iodide  as  an  indicator  aa  by  the  other  method.  In 
fact,  where  the  ordinary  solution  man  is  depended  upon  to  make  the 
titrations,  as  is  usually  the  case,  there  is  less  chance  of  mistake.  The 
imporlaTii  point  to  bear  in  mind  is  that  in  any  particular  mill  Ike  same 
method  should  be  adhered  to  throughoui  so  that  resvlts  are  compar<^le.  A 
good  illustration  of  this  is  one  which  came  under  my  observation  of  a  mine 
manager  who,  having  made  a  record  for  low  costs  at  one  mine,  was 
appointed  manager  of  an  adjoining  mine.     In  the  course  of  time,  the 
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cyanide  plant  came  in  For  its  share  of  consideration  in  the  operation  of 
cost  shaving,  and  it  required  only  one  glance  to  satisfy  him  that  too  much 
cyanide  was  being  used,  for  the  solutions  all  through  the  mill  were  b^ng 
kept  at  a  higher  cyanide  strength  than  had  been  found  necessary  at  the 
mine  he  had  just  left,  which  was  in  the  same  district  and  had  the  same 
general  character  of  ore.  He,  therefore,  ordered  that  no  more  cyanide 
be  added  until  the  strength  of  the  solutions  fell  to  the  level  which  his 
former  experience  had  shown  was  most  advantageous.  Remonstrance 
upon  the  part  of  the  cyanide  chemist  was  of  no  avail,  for  this  mine  mana- 
ger was  supreme,  and  above  the  details  of  cyanide  titrations,  and  had  a 
record  for  low  costs  to  maintain.  The  effect  was  apparent  in  a  few  days, 
and  in  as  many  weeks,  the  situation  became  critical  and  the  mine  manager 
was  frantically  calling  for  help,  for  although  he  was  reducing  costs  upon 
cyanide  consumed,  he  was  not  obtaining  the  extraction  and  he  saw  that 
the  end  was  at  hand  unless  something  heroic  w^s  done  at  once.  Finally, 
a  chemist  at  his  former  plant  came  to  the  rescue.  Being  a  wise  chemist, 
and  having  had  considerable  previous  experience  in  cyanide  plants,  he  at 
once  titrated  the  solutions  without  potassium  iodide  indicator,  and  to  his 
surprise  found  that  they  contained  little  free  cyanide.  Knowing  the 
remedy,  he  at  once  began  adding  cyanide  in  a  most  reckless  maimer  and 
extractions  began  to  improve  and  were  soon  back  to  the  old  level.  The 
solution  strength  was  maintained  the  same  as  in  the  manager's  first  plant, 
the  titration  employing  pota^ium  iodide  was  discarded,  and  with  it  went 
the  former  chemist.  The  manager  was  happy  for  he  was  operating  with 
the  same  solution  strength  used  in  his  former  plant,  and  extractions  were 
as  good  as  when  he  came  to  the  plant.  But  there  was  no  saving  in  Ok 
cyanide  consumption. 

1  was  once  called  upon  to  investigate  the  treatment  at  a  mill  where 
potassium  iodide  was  used  as  an  indicator  in  making  the  cyanide  titrations. 
In  making  my  tests,  the  titration  without  an  indicator  was  used.  In 
the  course  of  time,  it  was  determined  that  a  mill  solution  of  about  0.10 
to  0.11  as  indicated  by  this  titration  was  the  best,  everything  conddered, 
for  treating  the  slime.  The  solutions  in  the  plant  as  daily  recorded  by  the 
solution  men,  who  used  potassium  iodide  as  an  indicator  ranged  from  0.14 
to  0.15  per  cent.  I  was  rather  surprised  when  I  came  to  titrate  these  same 
solutions  to  find  that  they  ran  0.10  to  0.11  per  cent,  as  indicated  by  the 
method  which  I  was  using.  This  shows  that  two  independent  investiga- 
tions of  the  treatment  of  this  ore  had  produced  the  same  result,  although  a 
different  method  of  titration  had  been  used  by  the  man  who  first  started 
the  plant  and  the  absolute  indications  by  this  method  were  higher  than 
by  the  method  I  used,  which  was  the  same  as  that  so  strongly  advocated 
by  Hamilton. 

Hamilton's  wholesale  condemnation  of  the  use  of  potassium  iodide  as 
an  indicator  is  the  result  of  making  too  rigid  comparisons  between  titra- 
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tioDS  made  with  and  without  its  use.  This  is  proven  by  the  fact  that  the 
operation  of  many  cyanide  plants  is  controlled  with  entire  satisfaction  by 
the  Liebig  titration,  employing  potassium  iodide  as  an  indicator. 

Having  considered  the  methods  of  determining  the  simple  alkaline 
cyanides,  we  can  proceed  with  a  consideration  of  the  e^ent  to  which 
potassium  zinc  cyanide  is  available  as  a  solvent  for  gold  and  silver.  The 
following  is  quoted  from  Sharwood*'  who  has  made  a  critical  investigation 
of  the  properties  and  behavior  of  potassium  and  sodium  zinc  cyanides. 

"The  arrteiderrAle  increase  in  solvent  power  observed  when  causUe  potash  ia  added 
(always  providing  that  oxygen  ia  acoessible)  eoupUd  with  the  tuperior  effect  of  free 
potoBstum  t^anide,  ia  good  evidence  IhiU  somt  free  potaMtum  cyanide  ie  formed  upon 
aaeh  addition,  and  therefore  that  in  dilute  solutions  pofcuMutn  «tnc  cyanide  ie  partially 
deeompoaed  by  eanatic  (Mali,  with  formation  of  Mmple  aJkaline  cyanide,  in  accordance 
with  the  jHindpIe  of  chemical  equilibrium  between  eubatances  in  solution." 

Williams**  states  that  the  free  cyanide  shown  by  titration  to  opal^- 
cence  without  potassium  iodide  is,  within  limits,  proportional  to  the 
amount  of  alkali  present.  Williams**  also  states  that  lime  (CaO)  when 
added  in  solution  to  the  double  cyanide  of  zinc  and  potassium  has  the 
same  effect  as  potassium  hydrate  per  equivalent  added,  with  the  exception 
that  the  zinc  is  precipitated  as  hydrated  zitic  oxide  when  silver  nitrate  is 
added  to  the  solution. 

Virgoe**  gives  comparative  results  showing  the  extractive  power  of 
potassium  zinc  cyanide,  plain  cyanide,  and  potassium  zinc  cyanide  with 
the  addition  of  time.  He**  commeDts  upon  certain  of  these  results  as 
follows : 

"The  value  of  the  addition  of  the  alkali  is  obvious,  and  this  salt  ia  an  excellent 
solvent  for  gold,  though  comparatively  not  80  good  a  solvent  for  silver,  eveii  in  the 
presence  of  lime,  though  this  may  be  simply  a  question  of  duration  ot  treatment." 

Again  he*'  comments  upon  the  results  given  in  Table  2. 

"Thus  it  is  seen  bow  excellent  a  solvent  this  salt  is  ui  certain  cases,  and  how  the 
extractions  are  accompanied  with  a  much  lower  cyanide  consumption." 

The  regeneration  by  the  addition  of  alkaline  hydroxides  of  simple 
alkaline  cyanides  which  dissolve  gold  and  silver,  has  been  demonstrated 

"Sharwood,  W.  J.:  A  Study  of  the  Double  Cyanides  of  Zinc  with  Potaasiumand 
with  Sodium,  Journal  of  the  American  Chemical  Sodely,  vol.  xxv,  pp.  S80,  681 
(1913). 

•'  Williams,  Gerad:  The  I>eterminatton  of  Constants  in  Working  Cyanide  Solu- 
tions, Proceeding*  of  the  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa, 
vol.  iv,  p.  491  (1903-1984). 

"JWd,  p.  487. 

"Virgoe,  Walter  H.:  Consumption  of  Zinc  in  Cyanide  Plants,  Nature,  Cause  and 
Effect,  Proceedinga  of  the  Chemiad  MetaUurgieiU  and  MiniTtg  Society  of  South  Africa 
vol.  iv,  p.  630  (1903-1904). 

"Ibid,  p.  629. 

"/Wd,  p,  633. 
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ui>on  many  occa^ona  in  mill  practice  by  raising  the  alkalinity  of  the 
solutions  and  running  for  short  periods  without  the  addition  of  cyanide  or 
with  the  addition  of  a  much  smaller  amount  of  cyanide  than  that  normally 
necessary. 

A  good  illustration  of  this  was  the  announcement  made  a  number  of 
years  ago  by  a  mill  superintendent,  treating  a  silver-gold  ore,  of  the 
discovery  that  cyanide  could  be  regenerated  by  running  with  a  high 
alkalinity.  This  proved  effective  for  some  time  in  reducing  the  amount  of 
cyanide  used,  but  later  after  the  reserve  of  cyanide  carried  with  the  zinc 
had  been  lai^ely  depleted,  it  was  found  necessary  to  return  to  the  old 
proportions  of  cyanide.  In  the  ordinary  mill  solution,  when  operated 
under  normal  conditions,  the  proportion  of  zinc  in  solution  remains  more  or 
less  constant,  so  that  atl  zinc  taken  into  solution  through  precipitatioD 
above  this  maximum,  which  is  reached  shortly  after  the  plant  begins 
operation,  is  separated  out  as  insoluble  compounds  through  reactions,  at 
least  a  portion  of  which  result  in  regeneration  of  cyanide  effective  for 
the  solution  of  gold. 

With  aluminum  precipitation,  it  is  necessary  to  add  caustic  soda  just 
prior  to  precipitation,  and  as  aluminum  does  not  even  temporarily  com- 
bine with  cyanogen,  all  the  cyanide  regenerated  is  at  once  apparent  by  the 
ordinary  Liebig  titration  without  an  indicator. 

With  zinc  precipitation,  the  addition  of  an  alkali  to  the  solution  prior 
to  precipitation,  is  not  necessary  and  in  the  great  majority  of  cases  would 
be  a  distinct  disadvantage  as  it  would  rcsuit  in  a  greatly  increased 
solution  of  zinc  with  its  attendant  disadvantages.  However,  suppose  we 
add  caustic  soda  to  the  solution,  after  zinc  precipitation,  and  then  make 
titrations  as  before,  we  find  that  there  has  been  a  considerable  regeneration 
of  cyanide,  for  reasons  already  made  sufficiently  clear.  Now  this  is  just 
what  happens  in  practice  as  the  alkali  is  added  after  precipitation,  or 
generally  with  the  ore  in  the  form  of  lime  and  therefore  comes  in  contact 
with  the  solution  as  each  fresh  charge  of  ore  comes  under  treatment. 
During  treatment,  regeneration  is  going  on  to  a  greater  or  less  extent  dur- 
ing the  whole  period.  The  rather  alow  regeneration  which  takes  place 
during  treatment  when  zinc  precipitation  is  used,  is  not  without  its 
advantages  as  the  cyanide  is  gradually  freed  from  the  combination,  as 
needed.  That  this  makes  for  a  somewhat  lower  cyanide  consumption,  is 
proven  by  the  general  experience  of  there  being  a  less  cyanide  consump- 
tion in  regular  milt  practice  than  when  starting  a  new  mill  when  there 
is  no  zinc  in  solution,  or  as  indicated  by  small-scale  tests  in  which 
fresh  solution  is  used. 

There  are  perhaps  other  causes  which  contribute  to  this,  but  this 
factor  undoubtedly  accounts  for  a  lai^e  part  of  the  difference.  Re- 
generation taking  place  during  treatment  is  not  apparent  by  titration 
as  decomposition  of  cyanide  is  going  on  at  this  period  at  a  more  rapid  rate 
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than  regeneration.  While  there  are  other  reactions  taking  place  during 
treatment  which  cause  regeneration  such  as  dilution,  etc.,  yet  the  principal 
influeace  appears  to  l>e  the  addition  of  alkali.  With  zinc  precipitation 
it  is  therefore  apparent  that  the  various  reactions  which  cause  regenera- 
tion only  take  place  when  the  solution  is  applied  to  the  treatment  of  a 
fresh  lot  of  ore  when  zinc  separates  and  cyanide  becomes  available  for 
extraction,  while  with  aluminum  precipitation  all  the  factors  contributing 
to  regeneration  are  present  at  the  moment  of  precipitation. 

Unfortunately,  this  indirect  regeneration  as  we  may  term  it,  is  not 
readily  capable  of  direct  quantitative  determination  as  in  the  case  of 
aluminum  precipitation,  so  that  the  only  way  to  make  direct  comparisons 
of  the  regeneration  taking  place  in  each  case,  would  be  to  run  the  same 
plant  upon  the  same  ore  for  separate  periods  of  time  of  considerable 
length,  employing  both  forms  of  precipitation.  A  comparison  between 
the  actual  amount  of  cyanide  consumed  in  each  case  would  tell  the  tale. 
When  one  has  all  the  evidence  before  him,  he  is  compelled  to  admit  that 
there  is  regeneration  of  cyanide  at  certain  stages  of  the  process  when  zinc 
precipitation  is  employed,  and  remembering  Julian's  statement  that 
alumina  and  this  is  the  form  in  which  aluminum  separates  from  cyanide 
solutions,  carries  down  with  it  cyanide,  it  is  very  evident  that  the  saving 
in  cyanide  at  the  Nipissing  mill,  through  the  use  of  aluminum  precipita- 
tion, is  not  so  great  as  has  been  claimed. 

Zinc,  in  solution,  is  not  without  its  advantages,  as  it  serves  a  useful 
function  in  removing  soluble  sulphides  and  to  a  certain  extent,  in  acting 
as  a  protector  for  the  cyanide  temporarily  combined  with  it.  An  example 
of  the  important  function  which  zinc  at  times  may  perform  in  cyanide 
solutions,  is  the  experience  of  Colbath*'  when  treating  ore  from  a  certain 
stope  in  El  Rayo  mine.  The  extraction  decreased  to  a  considerable  ex- 
tent, and  trouble  arose  with  precipitation.  Coincident  with  these  difH- 
culties,  it  was  noted  that  the  zinc  had  disappeared  from  the  solutions  to 
the  extent  that  the  titration  for  total  cyanide  coincided  with  that  for 
simple  cyanide.  Lead  acetate  was  tried  as  a  remedy,  but  it  did  not  prove 
effective,  so  the  rather  startling  experiment  of  adding  zinc  in  the  form  of 
potassium  zinc  cyanide  was  tried. 

This  addition  of  zinc  caused  the  extraction  and  precipitation  to  again 
become  normal.  This  unusual  case,  where  there  was  not  zinc  enough 
supplied  to  the  solutions  through  precipitation,  very  forcibly  draws  at- 
tention to  the  important  function  which  zinc  stands  ready  to  perform. 
Ordinarily,  sufficient  zinc  is  supplied  to  the  solutions  through  solution  of 
zinc  during  precipitation.  Evidently,  in  certain  cases,  aluminum  pre- 
cipitation could  not  perform  all  the  functions  that  zinc  precipita- 
tion does. 

"Ferson&I  communicatioD. 
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It  seems  to  me  that  the  process  of  reduction  and  duminum  precipi- 
tation work  remarkably  well  together  under  the  Nipisaing  conditions,  for 
the  possible  disadvantage  of  caustic  soda  carried  over  from  the  reduction 
process,  if  zinc  precipitation  were  used,  becomes  an  advantage  with 
aluminum  precipitation.  The  caustic  soda  thus  carried  over  and  that 
added  during  precipitation  on  account  ,of  antimonai  compounds,  is  a 
decided  aid  to  the  extraction  of  the  silver.  The  preliminary  reduction 
treatment  presumably  removes  compounds  which  would  tend  to  form 
soluble  sulphides  so  that  the  non-effectivenesa  of  alaminuin  for  the 
purpose  of  removing  them,  is  of  little  moment  in  this  particular  case. 
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Intboduction 

We  have  endeavored  in  the  following  "sheets"  to  give  the  unit  con- 
struction costs  derived  from  the  building  of  the  Arizona  Copper  Co.'s 
new  smelter,  Clifton,  Ariz.,  starting  in  February,  1912,  and  completing 
February,  1914.'  In  Chapter  I — Unit  Costs — are  to  be  found  the  moat 
elementary  totnl  unit  costs  which  the  accounts  provide  for.  They  are 
usable  ia  the  Clifton  district.  Here  too  are  found  the  percentages  to  be 
added  to  an  estimate  for  Engineering  and  General  Expense.  In  Chapter 
II— Comparative  Costs — these  elementary  costs  have  been  classified, 
averaged  and  reported  as  labor  and  material  unit  costs.  In  such  form 
the  labor  unit  costs,  when  properly  applied  to  similar  conditions  as  these 
under  which  they  were  derived,  are  usable  anywhere.  The  material 
unit  costs  are  better  disregarded  for  more  accurate  estimates  and  replaced 
by  a  newly  priced  bill  of  material.  In  Chapter  III  Composite  Costs  are 
given.  They  are  unit  coats  built  up  from  several  elementary  units,  and 
likewiae  units  of  larger  dimensions  and  simpler  application,  valuable  for 
'  The  smelter  went  into  servioe  prc»ducing  copper  October,  1913. 
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checking  estimates  and  obtaimug  quick  approximations  of  total  costs. 
In  Chapters  IV,  V,  and  VI  are  given  the  Wage  Scale,  Material  Prices, 
and  a  descriptioa  of  the  conditions  surrounding  the  making  of  every  ele- 
mentary unit  cost,  which  will  enable  an  estimator  to  judge  of  their  use 
under  any  circumstance.  It  should  be  borne  in  mind  that  Chapter  VI 
is  not  a  pure  description  of  the  plant,  nor  of  any  of  its  parts,  such  as  might 
be  expected  in  a  technical  journal,  but  it  is  barely  enough  information 
for  a  reader  to  judge  as  to  the  applicability  of  a  unit  cost  in  another  place. 

These  unit  costs,  as  any  examination  will  prove,  are  not  ideal,  but 
actuaL  They  were  made  by  a  copper  company  organization  extending 
over  a  period  of  two  years.  They  represent  delays  in  material  shipments 
(serious  delays  in  steel  and  brick  dehveriea),  delayed  plans,  changes  in 
planSf  labor  troubles,  with  changes  in  hours  and  rates,  variable  weather 
conditions,  and  the  like.     They  do  represent,  however,  every  cent  spent. 

Each  imit  cost  has  been  judged,  as  it  stands,  solely  on  its  merits  for 
use  by  an  estimator.  Where  a  unit  cost  is  not  given  it  was  of  no  use,  and 
where  given  and  described,  it  must  be  employed  accordingly. 

During  the  first  few  months  of  construction  work  only  the  prime  ac- 
count numbers  showing  in  the  sheet  were  in  use.  Later,  to  obtain  more 
accurate  figures  to  measure  the  work  by  as  it  progressed,  the  decimal 
account  numbers  were  added.  But  the  decimal  accounts  were  on  record 
only  in  the  engineering  costing  department  at  the  new  smelter,  two  miles 
from  Clifton.  The  General  Office,  at  Clifton,  neglected  all  decimal 
accounts  and  charged  them  under  the  prime  numbers.  The  labor  a^re- 
gaUon  was  in  all  instances  made  at  the  new  smelter,  and  every  charge 
for  material,  from  whatever  source,  passed  through  the  warehouse  at 
the  new  smelter.  The  only  other  source  of  cost  sheet  entries  was  the 
General  Office  cash  books.  Once  a  month  these  entries  were  itemised 
and  sent  out  in  the  monthly  Cost  Sheet  issued  by  the  General  Office. 

CHAPTER  I 

UNIT  COSTS 

The  costs  thus  accrued  from  three  sources.  The  individual  labor  card 
was  not  used  untH  the  excavating  was  well  under  way  and  the  founda- 
tion work  had  started.  Each  man,  who  could,  made  out  his  card  and 
told  thereon  exactly  at  what  and  how  long  he  had  been  working.  The 
labor  bosses  made  out  the  cards  for  the  Mexicans.  The  account  number 
was  later  placed  on  the  card  by  the  time  keeper  and  checked  by  a  compe- 
tent man  in  the  engineering  office.  For  every  bit  of  material  used  on  the 
job  a  requisition  was  passed  through  the  warehouse,  whether  steel  building 
or  keg  of  nails.  To  this  a  charge  number  was  attached  and  the  requisitioa 
was  finally  checked  by  a  competent  man  in  the  Engineering  Department. 

„Googlc 
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In  regard  to  cash-book  entries,  there  was  little  to  be  done,  as  all  local  bills 
were  OK'd  and  account  numbers  attached  by  the  Engineering  Depart- 
ment in  the  first  instance.  The  units  were  compiled  by  the  Engineering 
Department  daily  as  the  work  progressed  and  checked  suitably. 

Yet  owing  to  the  fact  that  the  General  Office  kept  the  accounts  segre- 
gated only  under  the  prime  account  numbers,  the  slow  development  of 
the  idea  of  makii^  a  final  accurate  unit  cost  sheet,  the  delay  in  using 
individual  time  cards  and  many  clerical  mistakes,  it  was  finally  thought 
best  to  check  over  every  labor  card  and  warehouse  requisition  from  the 
banning  of  the  j  ob.  This  was  done  and  the  unit  costs  as  they  now  stand 
are  believed  to  be  acciu-ate. 

The  making  of  this  cost  sheet  is  largely  due  to  the  untiring  interest 
and  insistent  demand  for  accuracy  upon  the  part  of  three  members  of  the 
smelter  construction  force,  G.  H.  Ruggles,  M.  Am.  Soc.  M.  E.;  Roy 
Earling,  M.  Am.  Soc.  M.  E. ;  and  H.  F.  Adams.  Credit  is  due  also  to  the 
ever  willing  assistance  given  by  the  Arizona  Copper  Co-'s  general  office, 
uhder  the  direction  of  J,  G.  Cooper,  Cashier. 

Oonenl  B^ense 
Number  Naiuc  or  Accotrar  Total 

7001  General  eipenae  at  Clifton See  page  1581 

7004  Peraonal  iDJuriaa 

Engineering 
Engineering  and  Superintendence  at  Derail 
7101         Sal&ries »39,706.22 

7103  Telegraphing  and  telephoning 107. 6S 

7104  Traveling  expense 1,084. 8S 

7105  Miscellaneous  expense 1,018.06 

S42,876.68 

Engineering  and  Superintendence  at  ClUton 

7201  Saloriee $40,687.64 

7202  Furniture  and  fixtures 149.43 

7203  Telegraphing  and  telephoning 268 .  64 

7^04        Traveling  expense 934.24 

7205  MisoellaneouB  suppliee 2,206.77 

7206  Misoellaneous  labor 869.02 

$45,004.64 

9000. 1     Power  plant  engineering $12,768.66  $12,768.66 

7100        Total  engineering  expense $100,649.88 

Total  unit  coat 5. 40  per  cent. 

This  percentage  is  obttuned  by  dividing  the  engineering  expense  by  the  total  coat 
of  the  smelter,  minus  engineering  and  indirect  expense. 

100,649.88      ,  , 
.  „„.  „_„  -  "=5,40  per  cent. 
1,884,002.47  ^ 


.coy  Google 


UNIT  CONSTRUCTION  COSTS 

).— Yard  Tracks  and  Indnitrial  Srat«m 
Tracks 


Raila  and  rail  {«M«iiiio  393.00 

FrofB  ood  iwitehH.... .,  300,50 
LayiBB.     surfmcinc     and 

ballutiiv B,873 .  U 


|3£.50e .  DO  5S,40G  ca.  yd. 

11,303. Sa  10,2O3tiei 

10.331.76  14.813  It. 

Z.asa.iB  IStwilches 


Polea  ud  nltin 
Braokeu  and  w 
Rul  bonda 


1.437.27  1,S04.73 

1.167. le  1,3TD.73 

304.31  347.13 

236.00  Zt2.3S 


3.232,00  lOOpolH 

3,Me.a2  7.SZ4fI. 

aSl.44  521  bond* 

452.09  671iUDpa 


Rolling  Stock 

801.29      34,017.83 


TrsBtle  Approach  to  Reverberatory  BttUdinc 


358.95 
788. IB 

ssa.M 

1.390.00 
13,400.84 

277      ou.  ji. 
354.9™.  yd. 
103.97  toil* 

1,153.63 

Woodwork 

53. j: 

ISO-Ton  Track  Scales  in  Receiving  Ttrd 


545.03  1,148.87 
305.08  3,450.88 
05,06  03.87 


139.03     870  SI 


Bridges,  CulvertB  and  Walli 


1,018.38 

1,908.38 

3,998,04    -339  Sou.] 

Culvert  No.  1  buuomt.. 

1.384,86 

095-80 

3,080.05     354Un,  ft. 

BsCuninc  valla  aican- 

77. M     80  00.  id. 

40- Ton  Track  Scales  on  Caldne  Track 

EinvBlioD 108.44  D.El  108.9S  118  m.  yd. 

Foundation 207.56  193.80  401. IE  41.8   " 

Coat  and  enction S2.99  710.8S  703.84  40  tOM 

Soalabouao 100.38  88.21  1S8.S9  879  ou.  ft. 


81«el  itructi 
Woodwork. 


Trestles  to  Receiving  Bins 


2,408.10       3.017.05 


648.  IS  58QBU.  yd. 

6.420,11  754.3  " 

9.209.48  100.35  Mm 

1,410.34  37.31  m.b.m. 


— Yard  traska]uid  IndiMtrUriyatani.. . 
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7400.— R«crivinf  Bins 


•2.303.11 
1.23B.B1 

310.02 

3S5.10 
60.87 

S3a.lS 

3,217,70 

l,eS4.S3 
2,M7.ie 
3.M8,03 

24.  S7 

»2.342.27 
3.483,21 

2B.276.6a 
2.886.08 
3,268.11 
3.853.22 
8S.U 

1.428  eu.  yd. 

612.3       '■ 

30«.M 
B7.3  rt. 

22  drop* 

Steel  BtruBture... 

7407 

tiabtit^ 

ToUl  coet— Re™ 

'iDcbins.. 

»44,lS5-06 

NtlHBEI 

7701 
7703 
7703 


7700. — CrnBUng  Plant 


Foundation. . 


S03.1S      II, MS. 47 


Dcwn.  wlndom  ud  Inmea         84 .  00 

PlIstiDa  woodwork IS. 00 

Cnuhini  mMhiiwry 302, 3« 

Chute. 326.87 

ShsftiDa,  pulleyB  uid  belt- 


Lif  htinf . . . 


483. 3S 

513.  M 
10. 3B 
38.22 


63    8  drop* 
ptsDt 10,208.62 


7600.— Sampling  Plant 


(274.00         120.07 


Ranforoed  ooacnte  floors 

Steel  Btnictuns , 

Doon,      wibdowB      mnd 


.11    PklntiDC  doon  and  win- 

7904  Sbaftlnc,      puUeya     uid 

bOHaz 

7806  Meten 

7806  Power  wiiins 

7807  R^  ukl  Mlnplen,  ooat 

.1      Cut  iron  lioen  and  dry- 
ina  pan.  and  enotlon  ot 


564.90 
2S.96 


(295.06  332  cu.  yd.  30.80 

1.2S5.3B  120.7  "  10.40 

SeS.eO  l,222aq.tt.  0.30 

2,130.61  4,244      -'  O.fiO 

10,408.12  11085tone  63. SB 

897.84  2,080  aq.  ft.  openina  0.43 

147.00  126  uah  1.16 

1,B3G.0S  SB  It.  ol  ehaftitia  32.76 

1.074.33  SOh.p.  11-04 

108.66  

335.03  Sediops  0.03 


1.Z15.83      7,860.14        0,114.97     1,261.1 


780B  Keyatons  plats  p&rtitioiui 

7810         Alterations  oT  chutn  and 

macliinei7 


plant •34,108.74 
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7M>0.— Bedding  PUnt  uid  Bunfter  Bins 


101- io>. 

Bunker  bin  caUa* 
CbutM  lor 


3TT.!1  131.10 

SOe.SS  137. 3S 

T3B.ia       3.823.19 


Total  Boai — B«ddlna  pUst  uid  booker  bint 1160.1 

8100.— Routing  Hukt 

1  NlUE  or  AcCODHT  LlBOK  MlTBBlAl.  Toi 


2.80B.T     ' 

M8,71  ton 
01     SSO.Zft. 
582  It. 


S3    42  cats* 
SI     376.3  cwt. 


07     1.316(111.  yd. 


8104 
810G 


8108 
810» 
8112 


.,  sort  »d  erso- 

■Itentiona . . . 
brickwork.... 
unloutiniE 

brisk 

«nt«rinc    ior 


O.at      12.336. 3S 


.   Router  flue,  tpoata. . 


" 

IHintiDi 

iMide 

pnlley.    .nd 

Moun-drl 

„n  fans 

(torn  tua  to 

Conveyor 

No.  12 

13SS.62 
118.63 
374.82 


377.08 
340.04 

77.69 

l,S60.e2 
164. IS 
476.30 


400.36 

3.fl7 

1,909.80 
463.96 

187,70 
1.40S.91 

688.62 

806. OS 

3,473.23 

190.80 


20 

16.104  m.  (t. 

14 

1,231.01  toM 

81 
IS 

10.poau 
3.368  OB.  ft. 

.*' 

73«q.  yd. 

34 

164  lio.  ft. 

aoh.p. 

67  drop. 

Iluu 

24 
.20 
.S3 
.71 

240  It- 

Sl7. 3  tt. 
3.40  tone 

plant 8136,734 .  87 

8180. — Router  Dust  Clumber 


8104.09 
1,776.06 

2!5S5,*E 

34.87 

2!824,76 
34,748.41 

4!853.74 
307.73 

117,87 

8133 
8133 

St«d  stnicture 

1,049.71 

472.9        '■ 
416.68  tou 

.1 

Tile  work 

2,268.20 

14,980  CO.  tt 

.3 

Paintincinode 93.60 

960 
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8800. — R«v«rlwr«torr  PUnt 


tl.4TT 
3.7GS 

23,760. 


EicavBtioD tl.llT.S8  •SS.TB 

BuokOUins 3.742.14  13.11 

Foundklian T.TIS.SB  1S,M4.09 

Conereta  oouatsrwdchta.  88.23  79.27 


Rnvarbsntaries.  brickmrk 


78     UI  .OS  ton* 


'*     hoppen  Hnd  ohutflS. 
Cr«i    uid    hsMler    flnea, 

briflkwork 

I        "     unloading  brick..... 


1.S03.S1 

i,3es.3S 

3.T15.M 
ISO. 08 

3,afte.e6 

403.77 
316. 84 
46, S8 


14.682. 71 
6,680.41 
I.3e3.S9 

15,098.67 
03.83 
126.97 
31.46 


Rcnrb.  boilar  bldl.  «iu&'n 
1    WHtB  hsit  boilan 
i  Oil-a»d  boUara 
)    Boilu  feed  pump*        " 
I    BukaUibukfrfboJInnU 

B<h1«t  buiiding  f oundfttioiu 
1    Vute  bent  boilan    " 
I    (MI-Bndboikn 
t    FMd  pumiia  touDdktion.... 

Floor  ovac  ting  tnwk  cut, . 

Floor  ftronnd  botlerv, ..... 

Boiler  building,  itoel  itruo- 


313.44 
73.60 
661.23 
618.10 
3.I8I.08 
789  63 
360. 4fi 
878.73 


1.018.1' 
876.31 


Platfon 


and  bnekaU. , . 


1.317,18       2,666.46 


Oil  and  baOan,  ii 


Unit 
Com 


39.60  tons 
7boilsn 


MiM.   pijinnic 

nvoTb.  bld« 

Feed  pi 


pUat  to  f  e« 
puinpa . . . . 

uid  pipe. , . 


W8.7e 

137.06 

238.11  tout 
438  Bq.  yd. 
413.36  tone 

8.943,13 

7he*ton 

3.030.60 

3bailen 

1^91.42 

1.3g«cu.yd. 

3.144,04 

•"tic. 

831i 
S31S 

S3ia 
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8SD0.— Rererbermtoiy  Plant    {CoTttinued) 

■             NjtHEOT  ACCODHT  LlBOB            MlTBBIAL  TOTAL 

I       "  "      fnim  piunpa 

toboUM* I,0a0.53       3,011.00  4,101.63 

I  BIov-dB pipiD* aod drum.  US.Sa  637.77  873.00 
Wiiinf      sleotrjoal      tsed 

pomiM 135. 4S           177.89  313.34 

tichtinfl  for  revub.  uul 

bcdlerbldc SIS. 30          473.10  1.0aE.4S 

^■lnunden 433.30        1,1S7.80  l.SSl.OO 

MBtWUunden 142. M        1,909.08  1,391.74 

Six    No.     14    WUcu    oil 

*y>Mm* 111.48        l.SSa.lS  1.073.77 

TmalMtrie^fuBdpiuDiw.  £40.36       5,033.07  6,874.33 

One  ■toamfsed  pump. ...  37.37  499.31  S36.G1 
Cnwlg  snd  chain  block  in 

find  pump  houM 3.00           113.06  114.06 

FeUlim  iritem I,4S3.13        1,013.08  3.408.31 

Total  coat — ReverbaratDry 

idaot U3B.946.03 


1    " 

328. M 
2,987.11 
S36-5) 

8«0.— CoflTMter  PUnt 


8403 

8403 
8401 


FoundatioD 

CoDfartar    stand* — Eib 


"  andabaU* 

1    RepaintoNo.  2aUiid... 

Canvenar    ihelli— brick 

1         "  "  — unload- 

ini  brick. 

Cran« 

Clinkntina  msctiiiHa 

L         "  "         altera- 

t  "  altara- 

Hon  No.  a. 

J    CUnksriaimanhiiweleeki- 

cal  alteration 

CUnkerins      mscbiDDS, 

Wirins  for  converter  eon- 

Lisbtjns 

Air  pipe  Irom  power  houaa 

Ladlei,  boats,  baled,  toola. 


Labor       Matiual         Totai.  QuAHTm          Umr 

6.1A3.71  607.37  6,731.11  S.330  eu.  yd.  9.91 
1.796.66  3,8«0.ia  4,666.73  776.B  ou.  yd.  e.OQ 
69,869.00  7S3.86toua          83.46 

266. 4S              3.40           268. SS  304  ou.  yd.             O.W 

666.63        1.331.03        1.880.66  173.Bcu.yd.        10.8S 

821.67      22.238.28      23.069.96  162.53  Wma        141.88 

164.44  9.63  173.07         

785.61        8,043.00       8,828.01  4  ahdla             3.30T.1I 

101.22             Sa.03           1S6.25  679.30  tona            0  31 

1,438.60      23.037.65      34,466.15  110.76toni        320.91 

1.941.44           343.63        3,ZS4.0«  2  Brana            1.142.03 

1,716.23      13.081.04      15.698.17  3  Tnaohiitea      7.640.71 

34.43         

98.31         

97.08         

676.00  2maebiBea  338.00 
464.01 


33.00 
57.92 

65.98 
392.31 


40.30 


283.79 


074.62 

•OS.  82 


2.01 


3,011.89 
4,932.30 


lOdn^ia 


16.21 


334.06 
3.716.61 
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6400.— Cottveftw  PUnt    (CoiUinwsd) 


84  IS 
8414 
841S. 


S4IS 

8410. 


LosdJDS  pUttorm  aiotvs- 

Uon... 
"        bukfin. 

Hoodi  and  ■mok«  boie*. . 
Hood  U>  protect  oonvertar 

BpDutfl.  iAt«fl  BDd  hoppen 

lit  Silioi  on  bini 

ID-toa    buUian  Kilei   ei- 

roundatian 

ConvByorNo.  IB 

Wet  p>n  BiuVBtlon 

"      "     bin  Bud  spout. . . 
Total  eoat  ooDvarter  plaoL 


4S0.39 

I,e37.37 

3,2S6.34 
221.71 

313,40 

311.36 
3S1.03 
ST. SO 


30.43 

i.asa.ae 


53.30 
304. TS 

75.  S4 


3,5IS.73       391.9 


1,053. S5        1.4» 


OS.  IS 
738.53 


»3.2flu.  jrd. 
6,803  iq.  ft 


67,85 

179,78 
6,686.88 

173.33 

1.M5.8G 
19.76 
133.51 


793.08  10  ton* 

B9.87  1  abed 

).eT4.Z4  i6Grt. 

2.44  3<iu.  yd. 


8430 

Nnuaa 

Namb  of  Account 

] 

Til«  work 

8434 

Iron  doort  and  fn 

ma. 

8438 

Smoke  boitnok. 

Total  coat  coaven 

twduat 

-Converter  Dust  Ciumber 
LtBOB      Matbbial 
tl37.ZS 


8.85 

138  86 

1,620. OG 
37.61 


1339.17 


$137.28  206 

1,908.03  286.4 

20.371.20  23S.3 

1,340.81  166.1 

3,803.45  6,369 


7.47 
0,60 
0.24 


hambar 137,813.58 


.coy  Google 


UNIT  CONSTRUCTION   COSTS 


NmaiMm 

N*i«  or  AccooBT 

«M0.— Conveying  Syst 
LiBOB         Matisul 

tern 

TOTAI. 

1,824.22 

6,557.16 

lis  19 -93 
197.76 

11716.48 
832.28 

1,394.92 

QnAwmT 

2.286  on.  yd. 
822.3ou.,d. 

13.86  o..b,n.. 

Total 

2,SS0.78          4,008.37 

S89.61             830.*a 
146,29               51.47 

1.210.87        12406.BS 
aeS.tS             147.13 

SSOS 

CoDveyon  No.'i3-4- 

B-S 

1.284.9  ft. 
23.3  ewt 

inM 

flS.OO          1.S2B.B3 

ise.so         S4.U 
8«00.~Chlmney 

faS7.44           »29.fll 
SM.43       4.1M.SS 
SBl.SS     3B,3e8.34 

10.— Revorheratory  FI 
LisoB      Material 

1910,73           »30.21 

1,S«7.0«        3.gS6.B0 
1,272.86        I,6M.3» 

Iw^iUhto- 
33dror> 

QCAHTm 

697      «.  yd. 
872,7  on.  yd. 
5S.644  eu.  (t. 

860e 

Llahtin* 

Total  coM-~CooT«]'inc 

•1* 

i,9M.g: 

(4,5411.16 

Tot  At 

1367.06 
4,854.07 
40.350.23 

Ndhbu 

»™„i»,™. 

TOTIL 

•J.W 

Toliloort  ohininey... 

s 

*4fl,471.34 

ue 

Total 

•936.93 

6.543.89 

3.969.35 

57.79 

164.32 

188.66 

NniBU 

QUAHTTTT 

1,588  on.  yd. 
487,8  eu,  yd. 
6,400  ou.  ft. 
278,33(00* 
41,81  ton) 

TOIAI 

M13 

Biiokwotk 

0,4< 

10.81           163.61 
184. as              4.21 

86S0.^ConT«rter  Flue 

Labob       Matbual 

Tool  ooM— RevertHis 

lory 

113.463.70 
Total 

ties. 02 

6.616,44 
(7,602.88 

NUMBEI 

N*ii«  or  AccoDST 
Exoavation 

QoAMnrr 

198  ca.  yd. 
142  eu,  yd, 
81,99  tout 

TOTAI. 

165.73           652.69 

ToUl  oo«t— Converter 

fliix 

862S. — Roaster  Dust  Cliamber  Flue 


I        Nahbo 

EiuvsUdi 


«32«.37 

313      .u.  yd 

tl.M 

6,IT 

3.691-19 

4.231  eo.  ft. 

57.80 

9.209,36 

94.46  ton 

97-4» 

.coy  Google 


Foundntian 


UNIT  CONSTBDCnON  COSTS 
8T00.— Boiler  and  Ktcksmllli  Shop 

ruHT  Labor       Hatuuai.      Total 
tl.lU.OT        tM.81        $ 


.11  ConereM  aillg., . 

.2  Tilsmlli 

.21  UnlondiiicIJlo.. 

.23  Copioc 

.30  Rool 

1.31  Veatilaton 

,40  Dirtfloor 


Tool) 

Shaftinc  pullays,  belt- 

iiw 

Molor 

Total 


18. S9     . 
113.17 
286. 52 

16.01 

ee.73 

S7.S3 
02.53 
119.  SI 


T.sss.se 

301.  IS 


e,30    2.581  aq.  ft.  opaoing 


1.7S    eS.iSBquana 


a.ze     1,674  «q.  yd. 


S.TS    SI  liD.  It. 

0.76     30  h.p. 
7.01     IT  dropa 


6714. — Madiine  and  Carpenter  Sliop 


LaBOB  MaTIBUI.  TOTAl. 


8718 
S71S 

8717 


8718 
S7ia 
8720 


.11  Cononta  ■)!•.., 

.2  Tilavalla 

.21  Unloadinc  till., 

.23  Wall  copiDg 

.30  Roof 

.31  VentiUtora...;. 

.50  Banaha 

.60  Paintlnc 


Shaftiac    pullay*    and 


ToUl  ooat— Machine 


2SS.20 

18.34 

56,84         i: 

id  cacpmtai  abop. . . 


3,093. 10 
ST.  TO 

571.28 

23.70 
>        953.04 

693.30 
35.00 
8T.40 
584.36 
8,953.13 

1.51 3. 3S 


81,041.11  1,T6aeu.yd. 
1,376.11  106,6  en.  yd. 
3,431.43    38.28toD* 

3,037  »),  ft.  op 
295. 3  lin'  ft. 
2,307  ou.  n, 
<     58.SOtODa 


SSOO.—Oeneral  Office 


D,3,i,:^..„Goe)glc 


UNIT   CONSTBUCnON   COSTS 

8MM. — WueluHiM 


■  NUIE  OF  AcCOtrMT 

Eimntion 

Foundation 

Steel  ■tnicttm 

Doon.  windom  uhI  franu 

1    CoDcntarilb 

Tilt  mil* 


Ukit 
Con 
W.T7 


4.08     36.78  tou 


:     310  lin.  ft. 
SI  3  Ki.  ft. 


721.60 

70.48 

l.Ml .  13 


1,27S.» 

IIB.S 

2,0S9.7 


Total  ooal— WarehsuM tl3,e03.71 


Namb  or  AcoouKT 


Silla  BDd  Untsli 

Tile  iralb 

Gupaat«r  work 

Doon,  wiudom  and  (kyliEhta. 

Wood  fiituna 

liflbtiog, , 

Plumbim 


tlft.—LaboTAtoiT 

•101.11  K.ltt 

44B.12  S7S.13 

113.  TS  iM.eo 

BO. 81  1U.87 

100.63  22.85 

2110,71  ei7.ee 

1«4.«3  338. IS 


Con 

ta.ao 

10.  SI 


4.88    364     W).  ft. 


833  m.  rt.  opwinc        0.84 


FlaiteriDi 

Oil  oentrUuia. , 


063.81 

108. 


61 


Total  cart— Laboratoiy 16.141.02 

8BU.— Sample  Room 

Nahb  or  AcconNT  Labob    Matbbul    Totai. 


•61 


CoQcreU)  fli 
Walli  and  i 
Hoot 


Total  coit— Sample  K 


00 

84.43 

17 

76.25 

201.81 

76.  BT 

3B 

118.36 

74 

68. S6 

tei.3 


07  012.00 
fW  116,77 
SO     170.17 


1.24    aes  aq.  It.  opamM 


,1,:^  .„Googlc 


UNIT  CONBTHTICTION  COSTS 
8900. — HlMflUtneous  Accounts 


Mamio 


PamunenC  oatidds  llEbting 


coat  and  Uyins 

»1>B  lins  to  Clifton . . . 


tT76.B3 
2,132.M 
168.18 
879.06 
183.03 
868.11 

IT.  a? 

2,883.32 

1,471.71 
U3.83 


11,324.72 

es.2a 

ISl.OB 

237.78 
177. OS 

17.80 
2,063.07 
9.914.95 


3,333.03 
367. SO     . 
Ma.  37 


351. 36  £3.8  ft. 

,106. S3  Selowu 

301 .01  fi  ■»■ 

808.11  4.2SS(t. 

3S.23  3.3DU.  yd. 

.,938.39  4,3B3(t. 

,389.06  8,938  It. 

143.08  116(ni.  yd. 

4,137.03  33.67  Ions 

10,640.33  17,370  ft. 

367. SO  4aiflu.  yd. 

1,0««.46  3,310  ft. 

1M.30  236  su.  yd. 
MS.  18  4Mft. 

»37,i8a.48" 


89W. — Charges  to  Indirect  Ezpenie 


IB  Xu»  OF  AoConHT 

aenenl  aiiwiua  at  Clifton 
Fenonal  iBJaziea. 

Durielci  •nd  eouatnialtoii 
■quipmaat 


Tunponry  outddt  Ufht- 


tog  Una 

Water  lupply. ......... 

Switchins  and  fmibt  f  r 


S»16 
8940 


Offioa  Malionciy  and  au 

Pli" 

Warabaun   operatios  a 


2,601.36 
1,360.68 
10,771.88 


Toal(b«d 


8039 
8030 


"    glsotiioal  abop  aquip- 

Wacoa  losda 

Temporary  pumplna  plaot 


"     oloHta 

Employsa  railroad  trana- 

portalioa 

Clearing  land 

Teat  holea 

Furniture  and  fiilurea 

MiiMlianeoua  guppUea 


Band  and  gravel. 

Employee  quartan 

Cruahing  plant  operating 


8954 
89S6 
BOSS. 


Conoteta,  power  and  npain     . 


333.16 
I,21S.33 

375.36 
5,190.78 
1,810.24 

801.10 
2,646.40 
1,195.80 

1S6.10 

16.904.67 
458.07 
100.48 


896G.4 


Mortar  lima.  -  - 

Mortar  Mment 

Vlrt  brisk  morur 

8956.5     Silioa  briok  mortar 

8960         Oparatiiig  temponry 

power  houM 

8067 


DltohattunnelNo.  3.... 

Cleaning  op 

Rehandling  briok  and  tile . 
Direct  ohargai 

Total  obargaa  to  indireol 


4,096.30 

53.02 

4,810.30 


Total  unit  M 
Tbia  peroentage  ii 

of  tbe  ameltar,  minu 


„Google 


HiM*  or  Accomn 


UNIT  CONBTBTJCnON  C08TB 
9000.— Ptnrer  PUnt 
Power  Hooae 
LiBOB       Matbrui.        Totu. 


Povn  pUat  cnctBMiiikf 
Bldg.  (ouiuUtioii  i)fan. 
North  tnniwl 


PnpMBtion  oi  DO] 
tor  p^lnlim... 

StMl  Mructuta... 


1    UnloHtiDi  tile, . . . 

I    Wallooiniic 

I>ocm,     wiodaw 


1    Coacnta  lUla, . . 


•7,737.  M 

i.aes.sa 

3,73«,78 

i.ato.Jt 
90s.es 


1.400.03 

s,sa8.si 

1,330.37 
K7.37 


8,866.83 
331.40 

372.  M 

974.38 
BM.33 

las.eo 

330.93 


l,M7.ai        3,841.61 


4,010.30 
0.17 

107. OS 

3,310.93 

130.96 
430. 7S 


*7,79e.6S 

s.iw.H  : 

7.3M.S0  I 

3,S81 .  36  : 


479.74     ■ 
4.9V4.31     ' 


O.Sl     10,210>4.n. 


down  ipoutl  And 

tila  dr^ 


Shaft  rinkina 

Timbvint 

1    Aldijeb  pump  inMaHi^ 


[oundaUon 


420.83 
1.733.10 
173.70 


824. Sfi 

1,317.08 
16.73 


1,608.07  Sir. 08 

7SS.62  613.10 

67.61     

74.66  16.61 

774.06  S,OaO.S3 

1,641.63  83.614.03 

837.87  B7.66 

OSO.OB  1.433. TO 

3  JOT.  TO  70,SS6.4B 

386.16  41.03 

B47.68  300.78 

281.87  04.34 


8,484.01 
3,081.01 
300.43 


lU.SStqu 
314.83  " 
214.83       " 


E26.ei     OOGtt. 


1,0  IT.  a 


1,894. T8 
300.81 

33.86 
1.8SS.10 
a,0TS.76 
1.S7T.73 

07.81 

01.18 

8.T»4.Se     t 

84,160.64 
380.32 

3,391.78 


9,600  ml 
46  It. 

46  n. 


3  NoTdb«v  17.077.81 

3  101.61 

IH.Oea.yd.  13.1* 


a3T.lT  ; 
T48.43  : 
200.81     : 


<     BO.Sa^yd. 

.a  .„Googlc 


UNIT  C0N8TBUCTI0N  COSTS 
MOO.—Powsr  nsnt    (Cmtimitd) 


S.34     107  su.  yd. 


Com 


873  mL  yd. 

IsidMn 

3,301.04 

3  pump* 

l,li3.*B 

8       - 

8,039,6* 

aeiaiten 

Eo.sa 

Bpuinpt 

IB. GO 

,0,  Google 


DHIT  CONBTHncnON   COSTB 
9000.— Power  PUst    iCtmUrmed) 

HT  LlBOB  MaTIUAL  ToTAL 


.2     Eibsust  pipt  louoda- 


Watct  plp«.  excBvatian 

ud  badifill 

coM  Mid  sroctioi 
paiotinE 


.01    FoundatiDD 

■OlS  Rdnfoned  floors.. .. 
.Olfi  WaUr-pTooeiiB      a 


,03    T(l«work 

.031  Unloidini  tile 

.032Coi)ias 

.033  8ill<  ud  li>lt«l> 

.034  FaiDting  tUe  wbIU  . . . 
9017.0311  Doon,    windon    and 

frunea 

.fU    BaoSna 

.04S  Ventjlaton 

.05  Tc«Bliiictaiik.«>iicntt 
.06  ReoedTioc  Usk  No.  1. 
.07   IteiiciriiiK  Unk  No,  1.. 

-OS    Calibratiiic  tank 

.081  Tj]]ptn(  meter 

.1      8«w«r  sisaTatitm  aod 

backfill 

.11    Bamr  pipa,    oort  and 

.12   U(htln( 

.13    PainUna 

.11    Wood     walkway    and 

.IS   AlteralioDi 


.243Coplni 

.25    Root 

.20    Pump*  and  plfduc- . 
.27   tiflhtJDC 


1.746.71 

8.716.6a 

:0.4fll.37 

1,641  ft. 

6-79 

88.06 

61.19 

136.21 

1.M1  tt. 

O.OB 

318.20 

830.56 

1,148.81 

746      tt. 

1,54 

363.19 

654.18 

917.35 

31.56 

18.66 

«0,33 

63.09 

103.81 

165.90 

IB.  3  ou.  yd. 

9,07 

197.37 

67,98 

266.20 

1,486,10 

0,24 

1.486.34 

3.406  eu.  yd. 

0-62 

n       8.747.79 

16.437,88 

20,186,87 

230. SO 

25,54 

256.13 

Feed-water  Heatii«  Power 

239.39 

274  00.  yd. 

10. 8S 

708.06 

SBI.04 

1.269.10 

106.4  011.  yd. 

l-BS 

382. 4S 

273,61 

665.97 

1.330  aq.  ft. 

OAi 

80.65 

14.46 

96.11 

1.478  «i.(t. 

90,06 

2.262.90 

26.63  tou 

4.98 

S64.70 

260,68 

636.28 

80.2  owt. 

7.80 

285.9S 

234.36 

620.36 

706  ™.  tt. 

14.83 

14.01 

28.84 

108  Un.  ft. 

0.27 

7.81 

6,67 

13.38 

60    Ln.  ft. 

0.22 

JUaa.  yd. 

186  aq.  tt-  openini 

G9.S3 

09.98 

150.81 

11B.2G 

25-58 

1*2.  U 

49-20 

.      101.34 

96. S7 

28.7  ou.  yd. 

261. S5 

7.3    on.  yd. 

57.46 

3M.U 

266,08 

620.68 

24.4  ou.  yd. 

29.SD 

is8.se 

239.17 

12.6  owt 

372.48 

699.06 

1  tippin,  meter 

SM.K 

ess. 22 

2.813,64 

3.409.06 

167  19 

266  0U.  yd. 

0.59 

203  00 

274.88 

100  ft. 

3.7S 

63.35 

36.83 

6  drop* 

13.20 

62.78 

20.36 

83.13 

97.08 

61,31 

lis  39 

1.66m.b.m. 

75-S» 

99.70 

3,40 

103.10 

ondensed  Tater  Pomp  Bonse 

220.56 

229.49 

236  ou.  yd. 

0.97 

i,m.s9 

2.026,67 

171  ou,  yd. 

11-81 

78.41 

67,70 

136,11 

356  aq.  ft. 

0.3S 

26.02 

32,68 

48.70 

57  aq.  It.  opeoina 

o.ss 

98.87 

84.28 

183,16 

257  ou.  ft. 

14.50 

17,23 

671in.ft. 

73.93 

00,83 

26.9» 

90.58 

691.37 

781.06 

2  pump. 

221.16 

B1.53 

m.m 

,0,  Google 


UNIT   CONSTRUCTION    COSTS 


Pown  Home  MiBcellaneoui  Acconnts 


R         NUIBO 

Power     K 


Cmi 

897.10 

4,714.33 

6,113.03 

730.39 

307.  M 

1,4«.BT 

1,767.33 

04  drop. 

18.70 

401.09 

1,463.61 

104outleU 

13.98 

161.23 

61.91) 
34S.0S 

ais.oa 

401.03 

Coding  Tower 

i.i>eo.se 

83.47 

1,674,33 

1,68»  cu.  yd. 

1,06 

B,ai3.31 

S 640  IB 

10  86Z44 

TOe.3  cu.  ;d. 

911.03 

1,986.03 

S.896.IW 

17.116  »q.  ft. 

0.17 

SSB.TS 

110  50 

719.36 

1,606  »].  yd. 

0.46 

3,181.33 

5,416.47 

8,696.80 

138.68  m.b.11.. 

88.84 

HE. 40 

33.64 

137.  M 

8434.703.16 

9M0. — Oil  Sup^j  Sump  and  Pump  House 


.03    Inlet  pipliic... 


(1,148.78  8103. 34 

3,838.72  3,330.48 

178.30  3,036:S8 

44.77  136.66 

70.71  63,67 

96.94  130.39 

S3. 60  66.03 

136. SI  163.66 

96.76  64.33 


Total  QDAHTtrr 

11,367.03  1,S0S  Bu.  yd. 

6,669.13  340. 6 on.  yd. 

3.31 1.7S  3  pomps 

171.32  108U. 
143.38  4dn>pi 

338.33  1.13  tonl 
148.62  134  m.  it.  open: 
399.47  8.BHi(urs 
160.07 


Tdtai, 

10.98 

16.36 

1,106.30 


Two  600,000  GaUon  Oil  Tanks 

9060.10    Wtsddna  and  truuporU- 

tion 034.00 


.  133  ShMthioc,  Uth  u 


I  Railroad  aiwUng 

1  Layioiaadbidliiitinc.. . 

\  Traok  bumpen 

'  Bridaea  over  wood  pips. 


1,390.31  64.40taiia 

308.30  664  011.  yd. 

339.81  83.3  on.  yd. 

4,032.36  04.40  (ona 

733.73  86.86  ■quara 

933.06  76.60  aqusna 


Tracks  at  OU  Sump 


9060.40   Eioava 


Oil  Supply  Tanks  for  ReTeiberatories  and  BoOers 

tioD 392.18           13.18  406.31  404  on.  yd. 

lion 876.70      1,886.76  3,601.48  180.6ini.;d. 

id  snoUon 3,936.67  Stimka 

109.41'        383.18  431.67  786  ft. 

Oil  Piping 

tion 990.73             1.30  993.13  l,lEOaD.rd. 


0.88 

4.67 
3.43 


Total  coal— Oil  (upply  ^n^tm^■ 


Lf  .„Googk' 


UNIT   CONSTBUCTION   COBTB 


Nnmi 
7100 

■     Kahm  or  AoDoom 
Yud  tneki  u>d  IniM- 

Reca^tulatloii  of 

ToTAi,              Nina 
)100.Mfl.S8       862G 

l(M>,32e.43       8700 
44.18B.0a 

3*!  108. 74 

8800 

iso,e3e.os     88oe 

136,734.87       S810 
40.SM.7S       8S40 
S3B.B4S.0Z       SBOO 
aie.033.37       SMS 
27,813.  S8       eOOO 

4g!471.34 
13.4G8.70 
7.802.88 

ER 

Costs 

RouMr   duBt   shB 

ulMT 

TCTTAl, 

-top 

MmliiiK  Hid  Bupenter 

770O 

Cn»Una  pU,.t 

Sunplina  pl.nt 

B«idiiK       pIsDt       >Dd 

Wnnhoiua 

8100 

Routai  dust  ihambac. . 

Con»«t«pUnt 

Convurter  duit  ohuabar 
Conwyin*  nyttani 

8300 

37,188.48 

S*30 

Pomr  plaot 

Oil    npply    nimp 

ud 

434,703.15 

SOlO 

RBTerboTBtorr  fluB 

CoDvarterflue 

Total  sort 

CHAPTER  II 
COMPARATIVE  COSTS 


Nmuii 
7308.1 
7309. 1 

7812. J 


8627 
S702 
8716 
8811 


Nuia  or  AocooiiT  Cn.  Yd. 

TrMtle   kpproash  to 

rerorb* ZM.13 

Tnok  KulM,  nealT- 

incrud 188.0 

BiJdcaNo.l S8S.8 

Rutaininiinll 303.5 

Catdiu  tnok  HklH. .  41.8 
Approuh  to  rao«iviDc 

bin* 7M.3 

RaoeiTioc  tdu 612.3 

S&iopljna  plitac 120.7 

RoutBC  plant 360.S 

Rwuter  duit  BhBmbar  4T2.S 
F1u«  from  boilen  to 

nvaib.  Sua S.S 

CODvertar  atudl 173.8 

Bullion  Mkla* lO.S 

bar 2B8.4 

Wot  PUB 7.5 

Chimney 872.7 

Convarter  flue 142.0 

RoaBtar  diut  ohAmbar 

Sua 114.S 

Boiler  and  bUolumith 

■hop 78.7 

tar  abop lOS.G 

Wanboiua 123.0 

Samplaroom B.O 

Dwiloka    and     oona. 


PUln  Concrete 
Amocimt       Co. 


(738.18     U.»a 


1.028 

M       8 

515 

34       a 

207 

JS6       4 

3,408 

IS       3 

\.3ai 

7«i 

42       3 

1.049 

71       2 

74 

21       8 

W. 

U       3 

58 

S3     a 

AA8 

as     2 

«H 

43       0 

185 

73       1 

334 

35       1 

416 

87       8 

702 

06       7 

SI 

oo     a 

Matchai.  Cost 


•1,1B2.43 

•4.63 

tI,SM.«0 

17.42 

1,146.87 

8.17 

1,603-49 

9  in 

I.MS.  38 

a,»e«.S4 

8^ 

734.35 

8.S1 

1.346-59 

193.60 

4.S6 

401-15 

9.84 

3,017.9C 

4.00 

5.428.11 

7.12 

2.247.70 

3.87 

3.483.31 

5.89 

649.44 

638 

1,165.36 

1,069.63 

4.27 

1,835.05 

1,778.05 

3.75 

3,834.76 

5.97 

74.02 

8.04 

148.24 

1811 

1.331.03 

7,88 

1.888  58 

10,Wi 

S6.19 

8,31 

133.51 

U.7fl 

1.239.17 

4.33 

1,908.03 

«•« 

55.98 

I4.,M 

4,199.96 

4.81 

4,8»4.07 

8.48 

eS2.69 

4.69 

818.43 

8.76 

561.23 

4.81 

778.68 

6.77 

584.49 

7.12 

1.001.06 

13.T1 

Gg4.0S 

5.53 

1.378.11 

1.1  M 

14.69 

84.43 

7.18 

120.43 

13.91 

,0,  Google 


•010.0] 

soil. 01 

S013.01 


UNIT  CONSTRUCTION   COSTS 

I>Ulii  Concrete  (ConltntMcf.) 

LiaoB  Coar  Minuu.  Com 

Nun  OF  AcxMOHT  Co,  Yd.  AvoaitT  Co.  AkOcht       Co. 

Yd,  Yd. 

WiUir  pipe  liaia,  «tB,  8.3  17.37  7.65  17.88       7.76 

Powu  Bonduiti ST.S  108.11  7.18  317.10       7.87 

PDWsr     conduit 

bruohe* B.0  aS.3«  6.07  30.A3       6.13 

TempoiU7        power  11.1  5S.01  3.89  08.60       S.SO 

"     onubins  plant..  101.1  303.16  3.00  634.13       6.33 

tuka 48.8  110.37  3.0fl  3«3.01        6.30 

Powerplut 231.7  tl.eOfl.M  17.34  fMSO.OS     10.30       *3,15fi. 

"     drain 31.0  20S.eS  6.04  337.37 

"     Nordbarc      en- 

tiuM ese.3  774.oa  1.13  3,030.83 

"     turbinn IOfl.6  066.08  4.88  1,433.70 

"     ooDdeuan 60.3  201.08  6.7B  386.1S 

"    jateondeDMr.. .  ie,6  eS.Z7  4.03  W.OO 

"     3  air  pumps....  210.0  660.04  3.67  708.03 

"     ■itmmpnwor..  238.3  840.08  8.63  1.316.64 

"     tidUn,  sM. . . .  373.0  1,439.67  3.80  1,876.43 

ton 107.0  366.63  2.77  663.01       6.18            966.43       S.S3 

Nortta      Mid      ■outh 

Meunmuna 194.6  678.34  2.67  916.07       4.86         1,634.91        7.84 

Power  plant  exhauM 

plp« 1S.3  63.00  3.46  103.81       6.63            166.00       O.OT 

Total 7,779.4  122,391.30  I3.8S  (37,693.63     •1.82     »6e,981.83      17.67 


3.087. 
3,316. 


.63       8.78 
10       8.80 


Hiscellaneous  Conciete 


I    NaMB  OF  Account    On.  Yn.     Amoitht 


8307.11 

8307.13 

8307.13 

8403 

8414 

8603 

8831 

8903.3      6ew«rD 


Beddisc  plant 

Renrbaratary  plant 
Warts  heat  boiler*.. 

Oil-fir«d  boilen 

FeedpumiM 

CoBTerter  plant .... 
CaMiDg  maohinca. . . 
ConvaylDC  (yitem. . 


9017.31 
9060.31    f 


Total 


ToTiL  Co»r 


Co.  Yd. 

Cn.  Yd. 

Co.  Yd. 

320,6 

8803.16 

84.06 

11,668.17 

87.11 

83,461.63 

111.16 

2.809,7 

8,268.31 

2.23 

20.786.66 

7.39 

3,810.0 

16,014.09 

6.36 

32.780.05 

8.10 

138.7 

780.63 

6.09 

703.67 

6.73 

1,683.49 

1OO.0 

3S0.16 

3.80 

686.30 

1,036.74 

3.16 

1,438.07 

6.66 

3,107.70 

0.82 

776.0 

1,798,66 

2.31 

3,860.18 

3.68 

1,886.72 

6.00 

l.«37,a7 

8.58 

1.889.36 

3,518.73 

622.3 

2,660.78 

4,006.37 

0.44 

8.667.16 

10.61 

06.e 

448,12 

1.66 

675.13 

6.06 

1,033.66 

10.61 

63.8 

13.0 

24,13 

3.01 

68.33 

4.86 

83.36 

6.88 

106.4 

708.0S 

6,73 

661.04 

5.23 

1.360.10 

11.65 

IT1.0 

1,171.89 

6.85 

864.88 

6.00 

3,036.67 

U.86 

180.5  876.70       4.62         1,985.76       8.00        2,661.46       13.63 

8,706.1    •28,086.34     •3.90    S16,6e9Jl     t6.36    f72.766.06       •8.86 


.coy  Google 


UNIT  COKSTRUCnON  COBTB 
Reinforced  Conente 

LuOB  Con  Mateual 


Nmun  Naki 
S307.10    Itererl 


»  Acconm       Co.  Yd.     Aii< 


loiler  bUi. 
RsTerlwi-Ktary  Qua. 


BOflO.Ol    Oil     I 

.12  oan 


BM.T 
48T.8 
508.  S 
lHO.a 
TOe.B 

340.  S 


Cw.  Yn.  """"^ 

•3,181.08  (3.80  t3.8t6.IS 

l,S67.0g  3.40  3,S86.S0 

3,738.78  7.35  3,628.81 

l,3B0.Tg  7.40  1.230.G7 

8,312.31  7.38  5.610.13 

2.338.72  S.87  3,230.M 


2,830.0    118.604.47    tA.ST      •31,673.58 
ie,316.S    •88,061.01    •3.37   •108,988.90 


Co«T 

Total  Com 

Co.  Yb 

Aiionwr 

m 

Cb-Yb, 

».70 

•8.027.36 

•10.51 

5.843.S9 

11.37 

7.14 

7.364.S9 

14.48 

8,881  J6 

14.31 

7.S9 

10,852.44 

1S.ST 

0.48 

5.580.18 

18.35 

6.43 

339.31 

10.35 

•7.86 

t38.3TS.03 

•13.SJ 

•5.48 

1171,017.91 

I8,W 

PUin  Concrete  Tloori 
liABos  Con 


Hatbrial  CotT 


Namb  of  AoOOCM* 

Sa. 

8a. 

Amodmv 

81*. 

Sa. 

Ft- 

HC« 

Ft. 

F*. 

Vt. 

7802.1 

1.222 

•  105.68 

•268.02 

•0.31 

•389.60 

10  JU 

B307.3 

AivuDdbmlen 

2.705 

4  ■' 

278.29 

0.10 

064.83 

0.35 

041.11 

0.35 

8812.41 

Wtnhoius        floor 

.ndlJitfofm,... 

8.2SS 

588.04 

0.07 

731.60 

1,279.84 

1,028 

0.11 

164.90 

0.15 

368.68 

0.18 

3842.1 

Sample  room 

480 

6  " 

63.17 

0.13 

76.28 

0.16 

138.43 

D.38 

Power  pUnt  base- 

9017.22 

Coudeiued      nUr 

pumphouM 

365 

4  ■• 

78.41 

0.22 

87.70 

0.16 

13«.ll 

o.» 

28,925 

•3.111.78 

•0.08 

•3.386.87 

•0.13 

•S.S07.78 

I0.21 

loon  wc 

n  laldi 

■iiuJI  bloolu  fi  U 

re.  h»*iiw  a  Bailbtd  Up 

■nd  with  SAiid  jolDti 

tntwmn  All  KlUACM 

8416.11 

LaMUngpiAtform.. 

8.803 

Sis. 

381.02 

0.06 

1,053.55 

1,434.67 

0.11 

The  Hoor  nboTB  WM 

fioiihed 

UBlarat 

idAbwith 

no  Had 

i«DU 

Reinforced  Cescrete  Flooro 

Labor  Cost         Mai 


.1,  Con      Total  Cot 


Ndhbih  Nahb  or  Accouht         —1 

7S02.2      SaspUnl  pUnt 

8307 . 2      0*«r  bIac  tnok  lut 

8S21 . 1      Idbontory 

9017. DIG  Feed  WBler  heAtini 

plant U: 


.244  41  in. 
,878  5  ■■ 
304    4)   " 


)  tl,080.30  •O.ZG  •3,130.91 
I  1,687.20  0.33  3.708.48 
i         114.87      0.32         174.88 


382.40      0.21         373.51 


The  fioor  above  i 


0.33     4,000.61      0.45 


.coy  Google 


Nin 


Mm  or  AocoDira 


DNTP  CONSTRUCTION  COSTS 

Cluing 

LiBOB  Coot        Mil 


8703.32    Boiler  *nd  blnckimttfa  abop. , 
ST17.Z2    Muhiue  and  OMpacter  (hop. 

a813.23    WmhooM 

9017. Z43  CoadsnMd  int«  pump  hauH 


Ft. 


i.  Co«T      Tqtu  Con 


Fl, 


aeo  (112.17  to.ss 


(3.73  (0.01  tlK.SS  (O.M 

0.37         23.70  0.08  14S.37  0.4S 

O.fiS         3».t3  0.13  313.13  0.67 

0.3S           2.73  0.0«  17.33  0.30 

10.43       IS6.6S  10.07  MM. 63  10. GO 


»87    (434.94    30.4: 
ThU  ODiirina  vu  13  in.  dHp,  projairtiac  3  ka.  from  tile  work 

3.12    PonrhouH 733    «373.es    lO.Sl     1107.05    ».1S     •4Tfl.74 

Tbia  oapinc  vu  18  in,  de«p,  praJsMlog  3  in.  from  tile  mrk 


ii  leaa  thu  100  ft 


ExcATStloii— Tjpe  No.  1 

iTktion  mule  with  piskia,  aborela,  w 


ToTU  Con. 


Co.  Yd.  ' 


S&mpliDg  plant 

Air  pipe  line  from  powa 
Loadina  plxtf  orm 


CoDvcyiDs  lyBtam 

R«TBrbermtoTy  flue. ......... 

Cooveiter  flue...... ,.....-. 

Router  dugt  oluimbar  flue. . . 

Wuvhoue,  floor 

Labontoty 


seos 

S«00 
8fl23 


WIS.  22 
BO17.30 
9060.40 


Beirer  lyttem 

Water  pipe  lioce,  twika.  el 

Power  eo&dtut 

Power  Doaduit  branDfaee. . 


Tempoiaiy  wanbouM 

Jet  oondenagr  not  well 

North  ud  Kiuth  iteam  maim, , 

EiIUMin  [ripe 

CoDdtnaed  water  pump  houae . . 


*3se 

96 

lOS 

96 

MS 

IS 

391 

OS 

334 

00 

313 

77 

1» 

76 

1,834 

33 

93« 

93 

16C 

oa 

33S 

37 

139 

03 

191 

37 

«1 

3S 

a.  188 

04 

SSE 

11 

3S8 

S3 

49 

20 

367 

SO 

169 

13 

47 

30 

2S 

73 

349 

6S 

X 

S3 

329 

4S 

993 

13 

110.774 

S3 

13,373         lO.SI 

.coy  Google 


UNIT  CONSTBUCnON  COSTS 


Bzeavatloa — Tfpe  No.  1 

vation  lzi»dfl  with  luckai  ihoTali,  liipa  uid  a 


ToTAi.  Coar    Cu.  Td. 


MIT 

soso 


Tnsk  WMiIn  io  reesiTina  yard. . 

Ratalnlns  nlli 

FloM  rram  birilen  to  rarorb*... 

I    WMte  hsat  bcolsT* 

I    F«ed  pumpe....,., 

CoDTsrtei'  tWiada 

Tiro  oaatinc  muiluDa 


r«od  waUr  h« 

Oil  Bupplr  tamp  and  pump  bouM, . . 
Storace  tanks.  ................... 


Tatd H,341.03 


Excavation — Type  No.  S 

ration  mads  with  powdflr,  pioka,  tboTala  ■ 
Vium  or  Account  ' 


SBOa.a  Watar  mpply  tank 

8010  TomponuT  powu  plant., 

801 T  Tamporarr  onuhina  plant 

Saao  Waaonnad 

•005  WoUmdios 


nd  vhselbamiwa.     The  haul  wu 

roTiL  CoBT     Cu.  Yb.    "^  ™ 
tlM.OS  118         U.S4 


Thiad, 
KoiaaB 


Total *3,SU.3t 

Ezcavatloii — T^ie  No.  4 

sxcaTalion  mada  with  powdar.  pioka,  ahovaU,  iJipa.  framoa  ai 


7S01  Bwldinc  plant 

8101  Roaatar  plant 

SaOT  ReTarb.  boiler  buildina 

8S12. 10  Feed  pipinc  liom  healint  plant  to  pumpt. . , 

MeO.SO  SopplJF  tank  fomTerba.  and  boHari 


Co.  Yp. 
13,Sia 


Total (tS.BBS.ST  16,M1         11.00 


BzcaTCtioii — Type  No.  5 

Thii  aliM  coToia  aicavaljon  done  with  plow*,  allpa,  fteanoa.  and  in  aome  oaaa*  powder.  The  hail 
wa*  leaa  than  100  ft. 

Ntn«a»                                   Nami  of  Accodht                                   Totai.  Com       Co.  Yd.  ^^ 

8701          Bcdler  and  blaokamith  ahop tLlBS-SS            1,4BS  lO.SI 

BOOl          Fowerhouse 7.T96.fUI            7,S13  1.07 

0000.14    Railroad  mdiDC  at  oil  lump 1,477.37            2,430  O.Bl 

Total S10,4a0.80          11,310  tO.03 

Digitizecy  Google 


UNIT  CONSTBUCTION   COSTS 


Bzcaradoti — Tjpe  No.  6 


■stioD  nude  with  plam,  tlipa.  fi 


Total  Co*!      Co.  Yd. 


1  HoAflt«r  duBt  olumbei . . 

1  Kev«rber>tory  plant. . . 

7.03  OU-flnd  boUara 

1  ConTBrt«r  pluit. ...... 


Tot«l (ti.seg.M 


ThcM  >n  mucellaDBOui  jo 


BzckTstloii — Type  No.  T 

whan  a  Taiioty  of  mathodB  vera  lu 


Nci 


7301  Yard  trBoki  mud  indiutiul  17 

8001  D«rrielu  sod  ooutniatian  eqi 

8908.01  Faniuaant  oaUidaUihtiils.., 

8963  EmploTsa  qiuiten 

BBBl  Sta«m  haalint  ioBtnllalioD. . . 

901S  Power  hoiua  water  idpa 

tOlT.I  Feod  water  twatins  plant 


Cn.  Yd. 
SG.4aS 


Total t3T.SM.Tl  K.686         tO.M 


Bzcantton — Type  Ho.  6 

eavadon  mada  wHh  itiaka,  ahoTsla,  wiMeLbaiTow*  and  a 


Uma  or  Accodnt 


EzcaTBtlon — Type  No.  S 


Thia  cDvera  backfilUnt  and  tami 
NinuBB  Nuin  or 

8301.01    naTBrbarewry  plant 

8307.04    Ravarb.  bfdlarbuildinc... 

84ie.3      Loadinc  platform 

90S0.01   CooUoctowar 

Total 

Total  eieavatlon 


3,879         10.78 


.coy  Google 


DNIT  COMB-EBDCmON  COSTS 

T-ighthig 

LiBO>  Coar 


NmusB 

Nu<,  or  Account 

7T07.I 
780e.l 

Cnuking  plBDt 

Sainpliac  ptuit 

sioe 

8313.1 

8Wfl 

STce 

Router  plut 

R«v«b.BtidboUnbld|. 

ConTertMpUM 

Conreyiiia  uriteiii 

8T23 

Maohine  .hop 

9017.13 

Feed  water  heitiDapUnt 

No. 


iOO.ST 
76.  *I 
173.80 

3oe.ss 

340. M 
613.30 
461.93 
188.86 


6S.S4 
iS.09 
23.97 


77 


MmKUL  Cost 


124 


67 

(1.13 

186.64 

ts.se 

114.03 

XI 

4.06 

336.03 

,iW 

3.03 

434.23 

68« 

.TO 

4«S.34 

7.44 

4.6S 

1,086.49 

01 

7.70 

913.94 

16-33 

.50 

2.66 

274.43 

8.33 

W 

2.63 

.     87.91 

4.00 

6.TS 

190-86 

9.M 

3.71 

83 

7.64 

76  80 

10. M 

.83 

4.31 

79.18 

13  3D 

.1)7 

16.42 

1,7ST.83 

18.70 

.67 

$6.86 

tS.018.7S 

•10.66 

Cost  and  Erection  of  Hkchiner; 


CWT. 


8313-8317  T»o  elactriul  feed 

84.76 
39.47 

3.832-42 

4,641.40 

242.00 

978-40 

973,66 

113.64 

11.749.68 

•378.70 
U1.4S 
87.37 

1,041.02 

2.297.70 

285.61 

842.90 
147.20 
389.33 
179.30 
»8,471.Bfl 

•0.87 
1.31 
1.08 

0.61 

1.18 

0.66 
1.D5 
0.40 
1.56 

W.66 

•375.70 
133.83 
38.13 

3,080.83 

4,443.30 

517.38 

433.7S 
791.67 

190.78 

668.76 

198.07 

(10.763.89 

10.87 
1.40 

0.80 

2.14 

0.81 

0.68 
1.72 

8310 
8317.1 

Six  No.  14  WiI«o» 

oUiyateiu 

Two     itemm     feed 

1,973.77 

WNM.l 
9007.1 
9009.13 
9009.22 

Two          NordboT. 
blowen  with  sir 

ttatinn 

Th™    Curti.    tin. 

Two    dry    vaouum 
pump,     for     let 

Two  cirouI«tiD( 

34.166.04 

81.384.19 
8,146.63 

9010.02 
9011.04 

p™p» 

Three    pumpe  and 

3.337.3« 

9060.03 

Two  5  by  8  veitiaal 
triph»pun>pa... 

3,211.78 

•0.92 

•146^418.33 

.coy  Google 


Two    .40-toD     Mor^a 


mil*  CONSTRUCTION  COSTS  1521 

Oronp  No.  S 

LuoB  Con        EBBcnoH  Con  Total  Con 

>I.438.6a    tO.«$   t3.8IS.31    tl.73    ta3.021M     110.40 


8113 

S718 


Fsmll  onuhai,  38  by 

IS 

Turo  mo(or-driv«D  faoa 

Tnvcliiic  hBDd  oruM. 


S,GS9.33    (0,120.07    »0.( 

Group  No.  3 


3.02      T«n    150     Kw. 


19,202.37     IIO.O: 


SO0.0O 

302.80 

0.79 

401.31 

0,80 

1.486.47 

2.90 

«1.« 

77.60 

1.37 

81.11 

1.33 

1.483.60 

34.10 

30.00 

3S.ie 

0.84 

44.90 

ino 

589.55 

16.65 

362.00 

131.89 

0.53 

199.10 

0.07 

1. 855.16 

7.B0 

1,157.00 

415.31 

0.M 

543.83 

0.47 

19.978.80 

17.87 

81.33 

128.97 
•1.171.91 

1.59 
IO.SB 

185.38 
81,434.08 

9.38 

LOTaeO 

13.26 

3,081.73 

)0.flS 

826.473,28 

812.72 

Group  Ho.  4 

543.00         491.01       0.9 


418.98         31B.0e      0.70         609.33 


1.59        e,0Oe,2T       13.11 


7.149,39        17,09 


901.98  8810.07  80.84  11.603.54  81,63  813,758.00  114.90 
In  tha  bborfl  AVflTKia  ooatA  an  effort  hmM  been  made  foi  h  locioal  KTOupinc  yet  it  u  ■omewhat  arH- 
tnry.  Group  I  oooiuDj  the  erectioa  of  engine  maahlDery.  It  wai  herv  neeeiBftry,  in  additiaa  to 
huldliac  heavy  w«(tala  uid  pluan*  od  the  (ouadation,  to  a]»n.  adjust,  and  tine  up  oiaoy  meclunioal 
parta.  Oroup  21i  very  ainiilar  to  1.  but  the  manhinery  li  not  of  tbe  enciiie  type  and  not  to  bsary 
in  proportioD  to  the  labor  required  to  put  it  in  workini  order.  Qroup  3  oompoaea  maoliinery  that 
required  UtUa  other  tabor  in  tbs  main  than  tlw  liltina  of  heavy  load*  intoplaos.  Group  4  iaaamewhat 
■imilar  to  OrDup  3,  but  the  labor  ia  prineipally  eleotrisal.  The  above  eoati  are  reportsd  aa  tabor, 
enotioD.  and  total  eoita.  The  labor  coat  ii  aelf  eiplanaCory.  The  ereoUon  eoM  ia  the  labor  coat  plua 
tb«  Beaded  amell  lupplieo,  lueh  aa  waste,  oil,  >msU  tools,  and  the  tike.  The  total  ooat  ia  atao  sell- 
eiplanatory. 


Nmuan  Naum  oi 

73l3,a      IMainincwall 


Ck.  YD.AuonwTf, 
.      21.6 


Naui 


Cost  of  Paintiaf  Concrete 

Labor  Coar        Matbbiai,  Con       Total  Cost 
Account  8*  Yo.    Ahocht  3^'"^,   Ahodht  gg^'vo.  *"'*""  9^Yn. 

830       881.46     80.10      84S.Bt      80. OG     8130,36    80.10 


9002,46    Power  hoiua  baaement  flo 
Two  eoati  of  Toch  oemen 
9003.7      Power  hau«>  wells  and  fcnu- 

datioDi 3,469       106.84 

One  float  of  Wadaworth  Howlaod  Bay  9ute  « 
0003.43    Power bouRS.  top  of  main  Soor 

alab 1.134        S6.M 

Two  coaU  of  Toch  a 


O.OS      301.01       0.12       497.45 


109.33       0.18       394.88 


.„Googk' 


1522  UNIT  CONBTBUCnON  COSTS 


Pftinting  Cormcatod  Iron 

LisoB  Cost       UiTBauLCoar      Tot^l  Co«t 
Nu»«  N^.  o,  Accon«  a,.  Y».  A-o™,  J-^^   ^^^  ^^""^    ^^^  ^J^^ 

8813.30    WanbouHTOof,  uudsnids...      813       (81.18      10.10      868.88      10.08      SIM. 83    80.18 
Two  eotU  whit*  lad  knd  oil 

Painting  Berger  PUte' 

0003.43    Powsr  bouM  mun  floor  lUb, 

nnderrid* 2.878       181. SB       0.07      147.88       0.00        830.48     0.11 

.84    PowarliouHTDof.aiulerrids..  8,813       693.84        0.10      334.88       0.05     1.017.S9     0.18 
Tvo  ooMM  white  lewl  ud  oil 
Sq<ur«  yud*  dsiived  by  dsralapins  ths  Bsrcer  jilate.    Thit  la  thtM  timei  tha  nqnificis]  (Rk 

HisceltanvooB  Pftlntliic 

LlBOB  C0«T  MilTMKIlL  CoVT  TOT«I.  COVI 

NiTHBiB            Nun  OF  AccouHT          So-  Yb.  Amouht  _      „  Ahoukt  „      „  AMOmiT  ^^  y 

3703.60    BoUarihop 1,874        803. S3     10.08  860. 73     K.Ol  8183.36     80.10 

8718.60    Maahiiiasliop 1.080        118.00      0.06  87.40       0.04  308.40       0.10 

8813.10  WuehouH 412          28.80      0.06  14.17       0.03  40.87      0.10 

3,fi7e      8337.03     10.00    8183.30    80.04    8390.38      10.10 
Thia  wma  tuo^OBt  work  od  wood 

Patntinc  Window  S«sh  and  Doors 

luBOB  Coar       Hatbrial  Cost      Total  Govt 

..^  .•  .  No.  or  r*m      .  r*m  ,  rca 

Ntw...  Nx«.  OF  AocouKT  a^    ^^^    a^    A«ou»T    g^  Amount    g^ 

7803.11  Suaplincplut 120       1118.04     10.03      838.08     80.33    $147.00    81  U 

SS13.11    Winhotue 180         123.78      0.8S        16.34       0.08       138.1S      0.71 

Window  Hih  and  fnnwB.  twOHUat  work 

0008.60    Powerhoun 300         290.00       0.B7        16.73       0.08       308.81       1.01 

Window  lub  onlri  tIiree4o*(  work 
Doon  flsored  u  two  iBah 

Roofa 

LuoB  Con  MATnuu  Con         Totai,  Coar 

NoMBBB      Nahk  or  AcoouvT      SoDABU  Amocht    fbbSo.  Auotnn  ^mSq.    AnoDnr   rmtSa 
8703.30   B^ilu  ud  blMknnfth 

ihop 68.49        8388.02      Si.31  (838.24    (19.48   (1,114.76     (ie.n 

8717.80    Ma«hlne  uid  oupanter 

•hn> 77.31         307.85        3.88  953.04       13.84      1.360.BS       IIM 

148.70        (884.87      (4.08   (1.781JS    (19.40   (2,368.68     (16.48 

CoDtiit*  al  2  by  8  tODSua  ftod  sroove  ahestUns,  aabaatoa  nxiBnc  and  nuUnt  ■trip*.    Ng 

paintint  inaiudad 
eS43.4      Ssmpla  room 8.0  (33.00      (3.88        (70,67      (0.87         (80.87     (12.4e 

Conaiita  of  1  by  12  ahaithint  and  aibeMoa  looflng.     No  paintinc  indudad 
0003.6      Fowarhoiua 214.83     83,687.18    (16.70  (5,791.05    828.08*0,378.30     I4S.U 

Comiati  of  Bariai  plate,  concrete,  tar,  and  F  and  B  rooBns.    PalntJDS  tlw  undemde  of  tlu 

Bariar  pUte  ia  inoluded 
9017.04    Feed  water  tuatlna  plane         8.80        8116.25    (13.10       10088      (13.48      (236.13     I3US 
0017.28    Coadanaad  water  pump 

houM 8.00  73.03       14.78  60.BB       12.17         134.75       XM 

13.80        (189.17    (18.71       (170.71     (12.37       (380.88     (28.08 

CoDaiitB  of  2  by  8  aheathlnc  witb  aabaatoa  nnfinc 
0000.07    OU  pump  houm 6.60       (138.81     (21.05       (ie2.«6    (35.02      (309.47     (16.07 

Cooaiata  of  "liyrib,"  oonorata  and  plaater 
OOeO.lSlOUttonca  tanka 65.58       (761.05    (11.63       1883.34    (13.47     (1,014.79     (K.M 

Conaiata  of  wood  aupportina  itrusturg,  l-io.  ■!       ~ 


,0,  Google 


Nnan 

1**MB  o*  Aooomn 

7804 

SuipUiw  pUM 

8107 

RowtinapUnt 

8706 

8730 

•hop 

UNIT  CONBTBUCnON  COSTS 
ffluftins,  PoUvtb  tnd  Belting 

Lnt.  Vt.  ot    Liwn  Coar         Mitbbi: 

I  Akqumt  riB  Ft,     Ajiomrr 
•84.01     tO.76     »1,B71.0 


1,090.80       12. SO      a.US.lS     12.0 


«.U         I03.M      T.4 


7308.3 


7S03 

7903 

8108 

8123 

8308 

8808.3 

S308 


Brides  No. 
TnMlMtonoo 
KwniTlnc  bUia. 
CnuhiEkc  pluit. 

Bsddini  plknt. . 


Strncttiral  Steel 

Nahi  o»  Accouht 
oaoh  to  nrarb.  buUdlnf 


RererlMnitorjr  pluit. . , 
Flua  from  t>o!len  to  a 
Boilar  buildlDC 


8634 
8820 
8703 
8717 


ConTQTtar  diut  ohftmb«r.  - . . . . 

CoDtreyitK  aritem 

RsTerbaratory  fluo, 

ConTfpTtar  flue ....,,.,,.. 

RouMr  dutt  ehambtr  flns... 
Boilsr  kcd  blftakatnith  ahop. . . 
MBohins  and  oup«Dtar  ahop. . 


Tile    Walk 
Labob  Co*t 


(13,480.8 
877.* 

9,280.41 
39,378.8: 

2,430. 3< 
10,408.1: 
47,404.8> 
37,311.8: 
S4.74fi.4: 
40,709.  T< 

3.81B.3: 
3S.8B9.a 


3,803.0 
6,816.4- 

9,309.81 
3,013.01 
3,431.4: 
3,734.01 

33,773.  i; 
7,804. 
2.262. 

•426.: 


,306.38       84339.00         887.18 


Nahb  or  ACCODMT 


8108.03  I 

8123.10  I 

8423.10  ( 

8813  I 

8828  I 

8703.20  I 

8717,30  I 

8813.30  ^ 

9003,10 

0O17.D3 

0017,241 


•400.38    10.17         •775.18 
S,e86.4a      0.17       4,8IM.74 


Total  Cor 

Cd.  Ft. 


and  blsoknnith 


3,307 
2.307 


1,573.08 
612.82 


0.24 
a20 


1,103. 


.73 


Totot,.-., 


08,87      a38 


234.36 
84.28 


3,343.24     •0.33   •14,0: 


8,367.03 
0.33  530.38 

0.33  183.15 

•0.36   •27,171,50 


.coy  Google 


UNIT   CONBTBVCTION   COSTS 

tTnloadiaK  Brick  and  Tile 
Kahb  of  Accodmt  Total  Coot 


L  RouUi  brick 

L  Hout«r  duM  ohnniber  tjle. . , 

I  Revcrbcntory  fumuM 

I  CroiB  nd  header  flue 

!  WbbM  hut  boilen 

i  OU-fiied  boilen 


.T«ri«r  du«t  cbmiber 

jler  doiit  otwmbeT  flue 

er  uid  bl&dcimith  (hop.. .  ■ 
?hiDe  ind  «Tp«Dtar  ahop, . 


Total 13,911 .  98 

ie  «o«t0  eover  lucb  etwte  ax  cJeudnc  the  ate  for  udIowUdi,  building 
ig  brick  ifaHlt,  and  cheokiac  the  quuititiee  of  the  ehipment,  u  well 


1,231.01 
a2G.0S 
2,270.49 
1.33e.23 
1.073.74 
238.11 
S79.30 
tSS.20 
2TS.33 
171.40 


M  the  UDloulinc  of  tkv 


NciuiB       Null  or  AccoDST 
S703.31    Bailor   and    blMkamith 


VentUators 
Labob  Cost 


Total  Coal 


8717.31    MADhJoe  » 


4S-in.  Burt 
S813.3I    Witrehatue. . 

48-ill.  Burt  T 
8003.3      Power  houM. 


11. IB       8.72         2*8.2* 

S3. 74 

350.40 

SS.4B 

127.17       W.B3     faOO.74 

tS4.9« 

•SSfi.fil 

tS9.l9 

bue,  set  on  wooden  roof 

S30.3S     »10.13     t207.U 

(09.04 

1337. SO 

179.17 

»[2G.60     130-94     HSB.TS 

173.  M 

U6S.3S 

S94.33 

baaa,  set  on  oonnrata  roof 

1142.14     ITl.OT       M9.20 

•34.60 

tiai.34 

(95.87 

NUIUEI 

7703.1 


SS43.5 
8708. 1 


entilBton  nuHl*  In  new  naelter  th<qi>i  Mt  on  wDOdsD  mot 

WladowB  and  Dootb 

Bo.  Ft.       Labob  Com        Matbbial  Con  Total  Con 

-bofAocod-t      «^';-       A«oo»T     g^'^^    A-OCK.    ^^  Amoub,    aTJv 

:  plant S29          184.00     (O.IA       (170.71     (0.32  (354.71    10  48 

BampUncplant 2,080         832.94       O.IS         504.90       0.27  897.84     0.43 

3,S1S        (410.94     (Oia        (73G.B1      (0.38  (MMSA     W.44 
The  above  aceounta  oover  wooden  nib  and  ftame  eat  In  iteel  and  oottuaatad  iron  bmlfat 

Sampleroom 398          t33.39     (0.11        (118.89      (0.40  (151.34     (0.51 

The  above  aooount  botbib  wooden  eaih  and  frame  set  in  wood  and  DorroxBtod  IroB  buildlQl 
Bcdler     and     blackamlth 

*hop 2,581        te03.D3     10.27    (2,458.28     (0.95  (3,149.30     (1.13 

ahop 3,037         923.01       0.30       3,992.18       0.90  3,915.77       1.29 

5,aiS    I 


.coy  Google 


UNIT  CONSTBDcnoN  COSTS  1525 

Windows  and  Doors    (Conlinued) 

Bq.  Pt.       Laioi  C<mt        Matbuil  Com  TorAt.  Con 

Nnuu           Nah  or  Accodht      Omt-       Amourt      Fib      AworKT     Pirn  Auotrm       Pbk 

nto                           a^  Pr.                    Sq.  Ft.  8«.  Ft. 

8S12.1      WanhoOM 1,9S1        K33.02     (0.37     ll.OSfl.SI      tO.Ika  tl,SSe.33     tO.SO 

S83Z.S      lAbontoiy S3S         Z0S.70       0.25         4S0.33       O.Gfl  A80.O3       0.S4 

BOIT.OSSHutsrboiue ISa            fiS.SS       0.33            M.9B       O.M  IGS.Bl       O.SS 

W17.24    Goad.  »Mt  pump  houas.         E7            3S.03        0.<G            a3.«8       0.40  4S.T0       0.86 

a.MB  1837.07  tO.27  (1,609.30  lO.M  *2,48e.8T  K.Sl 
TliBBtwTesiHiouiitgaTaiBvoodanuBhuillrBingHtin  itasi  and  tile  gnrtain  mil  buildlBI 

QOflO.Oa    Oil  pump  bmiae 134          %aSM     10.58         (05.02     (0.62  (148.83      (1.30 

Tha  abore  Hsouat  oovan  voodan  laah  and  frama  lat  in  eonerate  walli 

9003.3      Povarhoua 1,044        (274.38     (0.34     (3,312.23     (0.83  (4.301.31      (1.06 

Tha  abora  ascount  (wt«b  atnl  fniDM  and  wooden  (Mh  nt  In  at»l  and  lUa  lurtaln   waU 


mr«  Bsfllu 

Labob  Goer  Matbbui  Cost  Total  Co«t 

NumBB       Nu»  o,  AGconuT     C.  Winu  Ahouht  ™  ^  Ahomt      ^^^  Auomrr     ™  ^ 

8123.01    Roattwduatatumber,,  004.80     (633.63     (0.87  14,768.93     (7.87  (MSl.U    (8.73 

8423.01    Converter  duit  flbambar  188  10       138.80       0.84        1.101. OS       S.OS  1,240.81       T.47 

77aS0     (063.42      (0.86  (6380.18      %7M  (6,623.87      (8.48 


Woodwtvk 

Labob  Con  Matboial  Cost  Total  Coar 

N™«    Na«.ofAcoob»t     M.B.M.     A»on»,    ^^^  A-on»T  jj™^  A-oukt  „;J"„ 
7308.3       Tnatle  approaoh  to 

nvarb.bld« 27.83        (703.03      (26.16  (788.B2  (37.81  (1,473.86  (63.27 

7311.3       Tnatle  to  rewivini 

bina 37.31          G72.33       31.03  838.11  30.80  1,410.34  61.83 

64,86    (1,376.16      (33.36  (1,607.03  (20.30  tS.S83.19  (63.66 

0063          CooUnctoirer I2S63       3,181.33       34.73  6,416.47  42.10  8,606.80  86.84 

WWaiS    Traok  bumtMn 3.16         346.71        78.08  47.B3  16.16  304.60  08.26 


Naiib  or  ACCODKT 


Wooden  Floon 

Labob  Cobt 
8a.  Ft.   Ahoditf  , 


uL  Con       Total  Co«t 


.coy  Google 


UNIT  CONSTBUCnON  COSTS 


7700 
TSOO 
ElOO 


CHAPTER  III 
COMPOSITE  COSTS 
Cost  of  BnCding  per  Square  Foot  of  Floor  Space 
Hamm 


Cnuhinc  pUnt, . 
ipllDg  plant. 


XI  T703.3  iDotnilTe  ai 


7S01  to  7S0S.I1  iDdiHi 


.  Ft.  or  ToTti.  Cm 

oa  Srica     AMomT     Pbb 
LOCO  tS.e6S.32         t 

A.  140  16,209.18 

17809 

3S.740  4S.323 .  T6 

SlOl  to  S10S.1  iDoIiuiTa,  and  8109 

Ksverberatoiy  plant 30.370  S0,087.3S 

ndudea  auxnuta  SSOl  ((784  32.)  8302  (I8,Ee0.45),  8303  and  OD^-balf  of  S3I3.1 

txuldr  buildini 14,310  86,887. 67 

[luludM  aeoount*  S307;  0.04:  0.1;  0.3;  0.8;  8308,  one-half  of  8313.1 

Connrtar  buildinc 26.084  87.331 .  14 

iludea  wwotint*  8401.  S403,  S403,  8409.1,  8413,  8414,  3416.  8416.1.  8416.11  and  » 

BoilsT  and  blaokandth  (hap , 4,4Z4  ll,3a0.68 

8701  to  8703.40  indiuire,  87O3.B0  and  8708 


8717.60  and  8723 

G,040 

S813.10  and  3813.11 


U  8714  to  B717.E0  inoliuD' 

to  8810  to  8813.50  inolusii 

1,493 

U  8830  to  8833.5  inoliuiVBi  8835.  3828  and  8839 


unta  8841  to  8843.6  iodiufTa;  8846  and  8848 

32,098 

unts  9001  to  0003.61  iaoluriTS,  aidiidins  0002.2 


11,512.93 

11.363.77 

991.48 

77.4S2.68 


Cost  of  Buildings  per  Cubic  Foot 


N*in  or  Aooomra 


Cnuliliis  plant 

Sampling  plant. ............ 

Roaatinc  plant. ............ 

ReTHrbaiatoiy  plant......... 

Ranrb«BtDi7  boIW  buildinc 


8400  Connrter  bmldinc 

8700         Boilar  and  blaekamith  ihop. . . 
8714         Maehine  and  oarpantar  abap. . 


Co.  Pr.  Di 

BUILDTHO 

ToiaiCo«r 
Amoumt     P«»  Co.  F» 

37.0*0 

•^e6S.3a 

t0.31 

8a6t7 

16,399.16 

0.30 

410,140 
474,860 

43,322.76 
50,687.28 

0.11 

600.850 

36.887.67 

0.07 

1,639.636 

87.231.14 

0.06 

86,368 

11,320.68 

0.15 

100,308 

14,905.56 

O.IS 

83,160 

11,513.23 

0.14 

16,140 

4,368.77 

0.37 

DigifizecDy  Google 


UNIT  CONSTRUCTION  COSTS  1527 

Cost  o(  BoUdlncs  Equipped  Per  Sqoue  Foot  of  Floor  Space 

7700         CruahinspIuC 1,660  tO,26S.SS  tS.SZ 

Aeoonnta  7T01  to  7707.1  inoliuiva 
rsOO         Sunpliiis  plut 8,140  34.108.74  B.Se 

AMoiinta  T801  to  7810  Inelu^T* 
8100         RoaBtiiv  plant 88.740  136,734.87  *,7« 

AcaounU  8101  to  SI  13.2  iaoliulve 
83O0         RsTirbanitory  pInDt 30,370  172,171.55  8.45 

Aioouatj  8301  ta  830fi.S  -ino.— »307.2,  8313  und  8313,  dBduoUoc  one-hsU  of  SMb— 8314 

8315  Md  8318—8316.  deductinc.  (vo-thiidB  of  thii  ■ooount 
8307         KeTarbonitory  boiler  btiildinc 14.310  158,716.36  11.16 

AsoDUDta  8304  to  8317.2  ing.  daduotins  ons-bolf  of  8307.Z,  8312  ud  3313.1,  and  two-thirdi 

of  8316 
84O0  CoDTirtai  bulldiac 36.084  216,033.37  8.28 

Aosounta  8401  to  8410.4  and  8435  to  8426.4  Incluiivs 
87DO         Boilnabop 4,434  21,449.23  4.BC 

Acoouatt  8701  to  8708  iaduaira 
8714  Maahiim  and  aarpeBtw  ihop B,U4  27,366.27  5.32 

AoeouDta  8715  to  8723  innliuiTB 
8803  Wacehouae 6/MO  13,602.71  3.70 

AMonnta  8810  (o  8813.11  ioduaiv* 
B810         Laboratory 1,493  6,144.03  4.13 

Aooountg  8830  to  8831  indusTS 
8810  Sampla  room. 600  3,830.  II  4 .  71 

AusouDta  8841  to  8849.2  isdiuiva 

9000         PownrhonH 33,006  360,690.10  11.30 

Aoooaat<9001to9004andS006.01toM16.01iniil<MiTi,dsdiictiiK  oa«-haltot9014  to9014J)S 

Cost  of  BuUdliiKB  Equipped  per  Cubic  Foot. 

7700         Cnuhini  plant 37,040  19.268.63  80.34 

7800         aamplins  plant 80,647  34.108.74  0.42 

8100         fioanim  plant 410,140  136.734.87  0.33 

SaOO         Beverberatorr  plant 474,350  173,171.55  0.36 

8307         Ravmberatory  boilw  buUdinc 600,860  160,716.36  0.33 

8400         ConTertw  buildinc 1,520,636  216,033.37  0.14 

8700          Boiler  and  blaokamith  shop 86.386  21,419.33  0.24 

8714          Maohine  and  orpentet  (hop 100,308  37.3S6.27  0.37 

8809         Wanhouw 83.160  13.603.71  0.16 

S819          Laboratory 16,140  6,144.03  0.38 

8840         SampUroom 6,000  3,826.11  0.47 

9000         Powsi  bouw 784.000  359,590.10  0.46 

The  amounta  ihown  abors  ar«  Uia  aame  aa  thoM  naad  in  th«  ooM  of  buildioaa  oqulppod  per 

Bedding  PUnt  and  Bunker  Bins.    Cost  per  Cubic  Foot  of  Captdty  of  bott  Beds 
end  Bins 

C»T*cm  ToTAi  Cost 

Ahduht  Pu  On.  Fl. 

228,440  BU.  ft 8160,930. 05  tO.  66 

Thia  ooat  soobsU  dI  aocounti  7901  to  7908  indiuiTS 

Tha  eapaaty  waa  obti^aad  by  oatual  meMuremsnl 

Tliree  Spreading  Beds.    Cost  per  Cubic  Foot  (4  Capad^ 

ToTAi.  Con 
CiTACnr  AaonKT  PanCc.  Pi. 

160,380  011.  ft 1120,177.94  10.78 

Tbia  ii  partly  aa  eatimatsd  ooat.  It  waa  obtained  by  dednclins  ths  coat  of  tha  bunker  bina 
inataltotton  from  the  total  beddinc  plant,  and  aubatitutlnc  therafor  aush  aicaration,  founda- 
tion, ataei  work,  etc..  a*  would  ba  naoaaury  to  proride  for  oonreyora  7'  and  10' 

DigiiiLOD,  Google 


UNIT  CONBTRDCTION  COSTS 

RMslTisg  Biiu — Cost  per  CvMe  Foot  of  Capacitj 

ToiAi.  C<i«r 
vt  AMOirirT         Pcb  Cu.  Fl*. 

JU.  ft (38.071 .73  »3 .  34 

Thif  OMt  ooDiiata  of  ■ooouiiU  7401  to  7404  iudiuiT^  nad  7407 

Tke  (Hpulty  of  the  nodTiBi  bina  wM  obtniasd  by  MaumiDf  that  tbe  matfiri^  Uy  on  ■  one 


CmiTeToiB — Coat  ptr  Ton  of  Capacity 


ToviL  Cost 


J-' 

160 

2S0 

SOD 
100 

100 
700 

dnwi 

■t«li 

9'-B<-Bi-10'-lO<. 

12 

I1.(I«S 

we 

16 

3.974 

Tha>bovB<» 
tn  taken  fro 

ats  do  noi  indiuj 
m  thB  dHCnue 

ivportinc 

an 

Aooaum  T40S 

"         740S.01 

7(1 

7904 

'■        7MK.1 

n 

7904.2 

Afl 

"         BllZ 

74 

"        8111. 1 

84as 

m 

■■      asos 

eson 

vtyan.     C>p4dtia 

Complete  Ctmreyor — Coat  per  Llaeal  Foot 

Cowriioa  No.  Totu^Lihoth  Akodht         Cost  fib  Foot 

,11.14 1.184.0  ft.  t44.2B0.e6  (34.47 

t  oonalat*  of  BOCOODliSSOl  to  3606.2,  uulSSOa,     Tba  toUl  Isn^th  is  the  lum  of  thslenalbs 
be  venous  oenveyore  meBiurad  from  oenter  of  head  pulley  to  oentei  of  tail  pulley 

Cost  of  Cooling  Tower  per  Thonaand  GaUena  a  Minvte 


i  aeoounU  »0S0  to  9053  iodtulv* 

Coat  of  Dtiat  Chambera  per  Cnbk  Foot 


Hoeetar  duet  ohaniber, . , 


Cd.  Ft.       Akouht     Pir  Cc,  Ft. 
.    266,860      (40,664.70         (O.IS       Aoeounti 
67,310        27,813.  SS  0.11 


Cost  of  Flues  per  Cubic  Foot 


NUIB 

Co.  Ft. 

03,420 

.      29,537 

b. 

6,734 
.      10.705 

TOTA 

Ahodht 
113.453,70 

12.SGS.10 

2,983,42 
7.602.88 

CdBT 

Pi»  Cn.  Ft. 

Uoeeler  duet  ehamber  flue. . . 
Ftu«  from    boiler*  to  rever 

0.44 

0.71 

te  8811  to  S014.3  iodiuiTe 


8306(0  8300.3 


Coat  of  Fluea  per  Lineal  Foot 
Total  Co»t 

LiH.  Ft.       AHOnm         Faa  Ft. 

260  (13.463.70       (63.S1       la  obtaininc  theae  eoeta  U 

170  12.859.10        75.04  aoooDnta  wen  ueed  ai  i 

246  3.983.42         13.13  putin*  the  coM  of  flue  p< 

208  7.602.88        30. 6S  toot. 
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Cost  of  Power  Plant  per  Indicated  Horse  Power, 
BoUer  Plant  Included 

Total  Cow 
I.H.P.  AyoiTHT         Pn  I.U.P. 

10.880 IGS9.7I7 .  16         »Sfi ,  32 

Com  oonilgu  of  Bomuata  8308  to  8313.1  incliuive — d»luotiiiB  ons-bslf  of  8307.3,  S3 12  and  8313.1. 
S318  to  8317.1  inoluidve— deduotioc  two-thirds  of  S316.  0001  to  0004  idduave.  OOOe.Ol  to  90fi3 
incliuivs.     0000.20  to  0000.33  iDdurive—deductkic  tbrefr.(Durtha  of  th»e  aeoouats. 


2  Nordbei«  blowen 1,000 

1  air  compKBOr 200 

TotiU 10,000 

Cost  of  Power  Plant  per  Indicated  Horse  Power, 
Boiler  Plant  not  Included 

"  ToTiL  Coir 
I.H.P.  Amount        Pkb  I.H.F. 

10,680 1308.831 .17         »37.40 

C<Mt  eoatata  of  accounts  0001  to  0001  iDelusive.  0000,01  to  0016.02  incluaive— daductina  ooe-. 
half  of  0014  to  «OI4.0£.     9017.20   to  9017.27   inolunvo.     0018.1  to   9022  ioslunve.     0050   to  90S3 

Cost  of  Boiler  Plant  per  Bt^er  Horse  Power 

Total  Co»r 
BoiLiB  HoBBa  Power  Auouht       Fib  Hobib  Powbb 

8,143 »lGl,0aB.9B  131.11 

CortcDnnsUof  accounta  S306to83I3.1  inclunTe—dsductinc  one-half  of  8307.2,8312  aand  8313.1 
8318  to  8317.2  inclunve — deduoUni  two-tbirdi  ol  S316.  0014  to  9014,05  Inclamve—deducdns  ana- 
bail  of  thtm  acoouDta.  0017  to  0O17.tS  inaluaiTC.  0060.30  to  9060.23— dud ucUng  three-quarUra  ol 
the**  accoanta. 

Bidler  Horse  Power 

7  waa(«  heat  @  713 4.091 

a  oU-fired  @  384 1, 162 

Total  boiler  horao  power 6,143 

Cost  of  Rererberatory  Rant— per  Ton  of  Capaci^ 

TOIAI.  COBT 

Tons  pib  24  Hr.  Ahodnt  Fib  Toh 

1.200 $172.171 .68  (143.47 

Coat  iooludes  aceaimu  S30I  to  8305.2  iootiuive.  8307.9.  8312,  S3iai— (one-hall  of  eaeh). 
8314,  83IS,  and  8318.     8316— (two-tblrda).     3  reverberatorioa  at  400  tona  per  24  hr.  capadly. 

Cost  of  Complete  Roasting  Installation  per  Roaster 

Total  Cobt 

No.  OF  ROAITEBS  AUOUHT  PlR  RoABTBB 

8 $138.734 .  87  (17,001 .  86 

Coat  DonaiBU  of  aceooDla  SIOl  to  8113.2 — Roaitor  buildlti«  and  roHleni 

8 »lOfl.2SS.  73  $24,907. 3* 

Coat  gouiats  at  Hocoante  8101  to  8113.2  incluaive—RoBBlerbuildinf  and  roaiten.  8121ta8123.3 
incluaim — Roaater  duet  chamber.     8626  to  8020  inoluBivo— Roaster  dust  chamber  flue. 

Tracks — Cost  per  Foot 
Labor  Cost  Matkbial  Cost  Totai  Cobt 

LBH<rTH  or  Tbace  Ahount       Fbb  Foot  Auodht  Pbb  Foot  Ahodkt  Fir  Foot 

14,118  It.         (38,100.18         S2.71  (27.336.46  (t.94  (65,625.04  (4.04 

Thia  ooet  conaiaU  of  acrounla  7301  to  7306  inrluxive.  The  697  ft.  of  track  nhich  wna  on  trcatlea 
was  dednet«t  from  account  7303. 
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CHAPTER  IV 
WAGE  SCALE 

Fn.  as,  1613,  Apbu.1,1»19,  Jdlt  34,  l»t3l 

TiH  Boou  Nnn>  Hodu  Nm  Hodu 
A.          M.          A.          H.  A.  M. 

«3.U  H.OO    .. 


Cup*nt«c  boM 

*'     anddaa 

"        (with  tmJa). 
Cutdrivan 


OffiMboyi 


3.00      S.OO       3 
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Wage  Seal* 

L.  1913,   JuLT  24, 1913,    . 
lonn     Nira  Homo 

3.36     

4.80     

3.00     


Fn.  38.  1013,     AmL 

Tb>  Hoim      NiKB  1 
3.35 


S.OO 


S.eo       3. SO 


SlouD  fiUnp. . . 


hod 

3.00 

3  00 

"    atiind 

3.00 

3.00 

3.35 

"    tranoiuidiUpa. 

3.36 
3. 76 

3.3B       3.00 
3.36 

3.00 
8.36 

2.60 

Tinnen 

i.DO 

"    Iwlpwi 

3.60 

Tool  room  mu 

3.00 

3.36 

3. no 

3. SO 

TcMkboa 

4.25 

W.tarboT. 

1.30     

1.00 

3.00 

2.25      3.00 


3.00       3.60       3.00 


CHAPTER  V 

RAW  MATERIAL  PRICES 

Prlcei  of  Raw  HaterUl  V.  O.  B.  Cilftoa  Dnrlnc  Hew  Smelter  Coastrnctlon 

Nahi  Pbicb  Uhtt 

A«pli»lt  (TriBiiUd) 63.03  Cwt. 

Aibotoa  iheeta 6.68 

Briok  nd  itaDilud.  3"  X  4"  X  8" lO.SSO  M. 

■'      lUla*  Al  rtnifhta,  2t"  X  8"  X  12" 88. 10 

"    B  a         "  31"  X  *i"  XV' 53. 20 

■'    C3        ■■         3"Xfl"X20" 


"Star",  ai"  ; 


li" 


.   148.0 


|"X0" 174.40 

>ta  of  618040  p«r  M  brick  3t"  X  4("  X  S",  Scurini  tn 

mU,  :q.  "A"  wfiiKAii  u  3,37«a  Urfu  thu  >  3)"  X  4"  X  0"  brick, 

d  coat  2.3706  X  618*. 40. 


1" 


<Z4.. 


Beltiiis  ooDTeyor  tubb*r,  7-6-A".  30"  wide  . . 
"  5-3-A".30"  "  ., 
"       8-t-A",  ao"     "     . 

Cutinga,  roufh  iron 

CemeDt,  "d  Toro"  bnnd.. 
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Prices  of  Raw  Material  F.  O.  B.  Clifton  Dnriiic  Hew  Smelter  Conatrnctlon 

NlHB  PUCB 

Cbiy,  a™ $7.00 


{Cm.) 
Uhtt 


Glua.  fkotory  ribbml,  13)"  ) 


Lumber,  ODmmaD  R.  O.  P. . 

No.  2  T  &  O  floorii 

L«d,  whila 


1. 1"  X  8" ll.STetol2. 


Hops,  Manila,  bwa 

Hand  and  anvel. ...,,.. 

ehaftini3-t|  C.B 

Silkslc  ofaoda 

Steel  Btniotun 

Tiea,  while  oak 

TUe.  4  X  8  X  12".  "El  Paoo". 
Valvea.  late  bnia  "Crane"  I  ii 


s.  No,  12  weatheiTirDof . . 
No.  4  double  brnid  itn 
No.  I2aalv*niMd 


Z3.1S 
«.S0 
A.  IBS 
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Flow  Sheet  or  Shelter.    Heavy  Lines  Represent  Comvetors, 
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CHAPTER  VI 

DESCRIPTION  OF  COSTS 

Engmeering 

Account  7100 — Total  Engineering  Expense. 
This  account  is  a  summatioa  of  accounts  7,101  to  7,206  includTe,  also 
of  9,000.1,  power  plant  engineering  expense.  These  accounts  cover  the 
engineering  expenditures  as  their  respective  headings  would  indicate. 
As  the  total  engineering  expense  they  represent  a  percentage  of  the 
total  cost  of  the  smelter,  less  the  engineering  and  indirect  expenses, 
and  have  been  so  reported.  In  the  making  of  any  totsi  estimate  based 
on  the  unit  costs  derived  from  this  sheet,  it  is  assumed  that  of  ^be  total 
estimate  so  arrived  at,  5.40  per  cent,  will  be  taken  and  added  thereto 
to  ascertain  the  item  of  ei^ineering. 

Account  7001— See  Account  8999.      Account  7201— See  Account  7100. 

Account  7001— See  Account  8999.      Account  7202— See  Account  7100. 

Account  7101— See  Account  7100.      Account  7203— See  Account  7100. 

Account  7103— See  Account  7100.      Account  7204 — See  Account  7100. 

Account  7104— See  Account  7100.      Account  7206— See  Account  7100. 

Account  7106— See  Account  7100,      Account  7206— See  Account  7100. 

YARD  TRACKS  AND  INDUSTRIAL  SYSTEM 

Tracks 

Account  7301 — ^Excavation. 
This  cost  covers  all  of  the  excavating,  barrow  and  grading  incident  to 
bringing  the  road  beds  of  the  New  Smelter  tracks  to  sub-grade.  The 
materials  worked  varied  from  rock  (Gila  Conglomerate)  through  hard 
clayey  aoil  filled  with  one-man  stones,  to  light  loam.  The  means 
employed  to  excavate  covered  the  use  of  powder,  plows,  picks  and 
shovelg,  Blips  and  fresnos.  The  work  covered  by  this  cost  was  not 
carried  on  continuously,  but  as  conditions  about  the  plant  permitted. 
The  unit  cost  represents  fairly  the  average  cost  of  shallow  excavating 
in  large  amounts  about  the  smelter  site. 

Account  7302— Ties. 

This  account  represents  700  steel  ties,  7,656  white-oak  ties  laid  in 
track,  524  white-oak  ties  in  stock,  300  Oregon  pine  switch  ties  laid  in 
track,  and  1,082  white-oak  ties  used  in  temporary  tracks  and  in  han- 
dlii^  machinery.  There  is  also  included  here  the  labor  of  unloading, 
stocking,  handling  to  points  about  the  plant  and  placing  upon  the 
various  grades.  The  steel  ties  are  7  ft.  long,  furnished  with  four  No. 
23  clips^for  60-lb.  A.  S.  C.  E.  rail,  laid  on  4  ft.  8J  in.  gauge.    ThQr 
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were  furnished  by  the  Carn^e  Steel  Company  and  cost  $1.66  each, 
{See  Fig.  10.)  The  white-oak  ties  are  rough  hewn,  6  in.  by  8  in. 
by  8  ft.  and  cost  S1.05  apiece. 

The  switch  ties  were  of  Oregon  pine,  standard  size  and  varioua  lengths, 
according  to  their  position  in  the  track  and  the  size  of  frog.  They  cost 
at  the  rate  of  $30.00  a  thousand,  board  measure.  The  account  thus 
stands  as  follows: 

Labor J425.13 

Wood  ties 9,614.86 

Steel  ties 1,162.93 


The  average  cost  of  each  wood  tie  in  the  track  represents  $1.31.  The 
ties  were  laid  about  58  to  the  100  ft.     (See  Fig.  10.) 

Account  7303 — Rails  and  Rail  Fastenings. 

The  rails  covered  by  this  account  were  second  hand,  purchased  from 
the  Arizona  and  New  Mexico  Railway;  60  lb.  A.  S.  C.  E.  standard. 
The  track  laid  totaled  14,813  ft.  loi^  and  was  divided  as  follows: 

On  wood  ties  in  dirt  On  trestle 


Track  No.    6 ...2,660ft. 

7 1,023  ft. 

8 1,940  ft. 

9 340tt. 

10 645  ft. 

12 1,053  ft. 

13 1,396  ft. 

14 1,060  ft. 

15 1,686  ft. 

On  wood  ties  in  dirt  On  steel  ties 

Track  No.  17 212  ft.  Traclc  No.  14 21 

18 279  ft. 

19 290  ft. 

24 686  ft. 

The  account  is  divided  up  as  follows; 

29,626  ft.,601b.  raU  @  $27.50  a  ton $8,147.15 

986  pr.  angle  bars  @  $a50 403.00 

4,000  bolts  @  $3.50  a  hundred 140.00 

4,000  nut  locks  $1.07  a  hundred 42.00 

S5  kegs  spikes  @  $4.54 431.30 
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The  miscellaneous  item  covers  many  second  hand  tie  plates,  short  rail, 
material  for  extra  angle  bars  made  on  the  site,  and  a  portion  of  tem- 
porary construction.  The  labor  item  represents  handling,  unloading 
and  work  on  angle  bars  incident  to  different  punching  of  rails. 

Account  7304 — Frogs  and  Switches 

This  item  covers  the  cost  laid  in  track  of  the  following  number  of  frogs 
purchased  from  the  Cincinnati  Frog  and  Switch  Company; 

9  No.  9  frogs  with  awitchea 
7  No.  4  frogs  with  switches 
2  No.  2}  froga  with  switches. 

It  also  covers  labor  incident  to  replacing  4  or  5  old  frogs  laid  previous 
to  the  arrival  of  the  new  material.  Included  with  the  old  installation 
labor  is  the  coat  of  making  several  new  switch  points. 

Account  T30(— Laying,  Surfacing  and  Ballasting. 
This  account  covers  the  layii^  of  all  tracks  in  the  industrial  system 
about  the  smelter  and  the  ballasting  of  such  tracks  where  ballastiiu; 
was  required.     The  total  amount  of  track  laid  was  17,130  ft.,  of  which 
697  ft.  was  upon  steel  trestles. 

The  ballast  used  varied  according  to  the  conditions  prevailing  at  the 
time.  A  large  amount  of  the  track  was  ballasted  with  material  bor- 
rowed near  the  site,  while  other  portions  were  ballasted  with  red 
oxide  tailings  from  the  leacher  at  the  cost  of  S0.25  a  yard,  fnther  dumped 
upon  the  track  and  spread  with  the  use  of  the  locomotive,  or  because 
of  the  excessive  d^ree  of  track  curvature  for  the  locomotive,  dumped 
and  hauled  to  the  place  required. 

The  work  of  track  layii^  and  ballasting  extended  over  many  months, 
being  prosecuted  a?  the  tracks  were  required  for  use,  and  in  some  cases 
as  the  stee'  arrived  or  ballast  could  be  obtained.  All  tracks  were  stand- 
ard gauge. 

Trolley  System 

Account  730S— Poles  and  Setting. 

Thi&  account  covers  the  cost  of  standi,  poles  and  ties  to  which  the  poles 
were  attached  as  well  as  the  labor  incident  to  the  erection  of  this  work. 
There  were  102  poles  made  of  4-in.  pipe  on  an  average  of  16  ft.  long  set 
in  a  cast-iron  stand  16  in.  high.  The  accompanying  sketches  show 
four  different  conditions;  double  track  with  two  poles  used  on  the  far 
sides  of  both  tracks;  double  track  one  pole  used  between  two  tracks; 
sit^le  track  and  one  pole  and  bracket  on  the  under  side  of  the  slag 
track  cut  floor.     (See  Figs.  1,  2,  3  and  4.) 
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Account  7306.1— Brackets  and  Wiring. 

This  oGcouat  covers  oil  the  material  and  labor  incident  to  putting  up 
the  trolley  line  brackets,  stringing  the  wire  and  insulating  the  work. 
The  length  of  the  trolley  systeni  is  7824  ft.  of  which  7,346  ft.  is  No.  000 
H.  D.  grooved  copper  wire  and  478  ft.  of  25  lb.  rail  used  through  the 
slag  track  cut.  The  cost  here  has  been  figured  on  the  lineal  feet  of 
system.  Below  is  a  list  of  the  majority  of  items  in  the  material 
.  account. 

fiO  InBul&tor  br&oketa  suniUr  to  Ohio  Brass  Co.  No.  1,254 
200  Trolley  braoketa  similar  to  Ohio  Brass  Co.  No.  10,998 
Six  15°  frogs  similar  to  Ohio  Brass  Co.  No.  10,115 
Six  15°  frogs  similar  to  Ohio  Brass  Co.  No.  10,016 
Three  15°  frogs  Bimilar  to  Ohio  Brass  Co.  No.  10,388 

The  messenger  wire  was  ^-in.  strand  extra  soft  galvanized  steel  strand. 
Extension  arms  were  made  of  l|-in.  pipe,  9  ft.  long.  One-qu»^er 
inch  rod  was  used  for  arm  brace.  The  voltage  carried  for  the  line  is 
230  D.  C.    • 

Account  7306.2— Rail  Bonds. 

This  account  covers  cost  of  all  material  and  labor  incident  to  making 
the  electrical  bond  throughout  the  trolley  system.  Each  bond  re- 
quired the  drilling  of  two  j-in.  holes  through  the  web  of  the  rails. 
For  the  most  part  it  was  necessary  to  remove  and  replace  the  angle  bars. 
Five  hundred  twenty-one  No.  000  cable  rail  bonds  with  j-in.  hollow 
comp.  studs,  1  ft.  H  in.  center  to  center — see  Fig.  5 — type  C.  P.  2 — 
A.  S.  4;  W.  Co.  furnished  complete  with  drift  pins.     (See  Fig.  5.) 

Account  7306.30 — Lighting. 

This  account  covers  the  cost  of  all  material  and  labor  incident  to  light- 
ing the  trolley  line.  The  electricity  here  used  was  taken  direct  from 
the  trolley  lines.  Fifty-seven  lamps — -240  volt — 120  watt  carbon  fila- 
ment were  installed.     Four  thousand  feet  of  wire  were  used. 

RoUlng  Stock 

Accotmt  7307 — Cars,  Electric  Locomotives,  etc. 

This  account  covers  the  cost  of  the  following  equipment  together  with 
the  labor  of  unloading,  trying  out,  removing  the  air  brakes  from  the 
slag  cars  which  came  in  on  their  own  wheels,  installing  extra  controllers 
on  slag  cars,  and  a  large  amount  of  repair  work  not  carried  by  account 
7307.1. 
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Three  IS-ton  calcine  cars,  weight  of  esch 

including  electrical  equipment  33,2001b. 

from  Kilbourne  «  Jacobs  Mfg-  Co S7,200.00   11,394.22 

Four  22fi-<ni.  ft.  capacity  electrically  oper- 
ated slag   cars,  from  M.  H.  TreadweU 

Co.  Cars   are   side   dumped   by   16-h.p. 

motors;  can  also  be  dumped  by  hand. 

Weight  oi  one  car  67,000  lb 11,620.00       513.48 

.Two    18-ton    electric    locomotives    from 

Westinghouse     Mfg.     Co.      Draw-bar 

pull  8,000  lb.    Each  locomotive  baa  two 

84-h.p.  motors.  Weight  of  each  loco- 
motive is  43,950  lb 8,500.00     1,380.03 

Weight  of  each  looomotive  is  43,950  lb.. .  8,500.00  1,380.03 
One  clinker  larry  car,  12j  tons  capacity,  10- 

h.p.   motor,    weight    11,000   lb 1,450,00        176.00 

Two  trailer  cars,  165  cu.  ft.  or  25,000  lb. 

capacity,  weight  of  each  car,  5,000  lb. . .  680,00         160.00 

Two  15-h.p.  220-voltdrum  type  controllers  • 

for  electric  locoraotivea  to  dump  slag  cars  

One  pair   Schoen  rolled  steel  wheels  with 

axles  for  alag  oars  above 

Misoellaneous  material 


S34,017.63 
(See  Figs.  122, 123,  124,  and  125.) 

Account  7307.1— Calcine  Car  Alteration. 

The  calcine  cars  with  their  pantographs  on  top  were  too  high  to  operate 
successfully  beneath  the  roasters.  To  overcome  this  difficulty  the 
tracks  beneath  were  lowered  1  ft.  and  the  cab  end  of  the  car  was 
cut  down  18  in.  in  height.  The  pantograph  was  then  placed  on  the  cab 
end  of  the  car.  Much  difBculty  was  also  experienced  with  the  panto- 
graphs themselves,  especially  when  the  cars  were  on  short  curves  and 
taking  switches.  This  account  covers  all  the  labor  and  material  inci- 
dent to  overcoming  these  difhculties. 

Trestle  Approach  to  Reverberatory  Building 

.  Account  7308 — Excavation. 

The  ground  excavated  was  cemented  sand  and  gravel,  overlain  with 
soil  permeated  with  caliche.  All  the  work  was  done  by  haod,  using 
picks  and  shovcla.  The  excavated  material  was  cast  to  the  side  of 
the  pier  holes,  and  in  some  cases  it  was  handled  three  times. 

Account  7308.1— Foundation. 

The  kind  of  foundation  here  represented  is  the  pier  type.  Sixty  piers 
were  cast  5  ft,  by  5  ft.  by  8  ft.     One  large  abutment  was  26  ft.  high, 
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iocludii^  its  footing.  The  mixture  of  concrete  used  was  7  parts  of  gravel 
and  sand  to  1  port  of  cement,  mixed  by  hand  and  transported  in  wheel- 
barrows, an  avert^e  of  80  ft.  There  was  no  reinforcing,  but  two  anchor 
bolts,  J  in.  by  2  ft.  long,  were  placed  in  every  footing.  About  70 
per  cent,  of  the  concrete  was  formed.  The  pier  tops  were  finished  to  a 
perfect  elevation.  This  is  true  of  all  other  foundations  where  they 
support  steel  columns. 
Account  7308.2— Steel  Structure. 
This  steel  trestle  was  a  part  of  a  contract  between  the  Arizona  Copper 
Co.  and  the  Kansas  City  Structural  Steel  Co.  who  furnished  erected 
the  major  portion  of  the  structural  steel  about  the  plant,  at  a  ton 
price  of  S72.80  f.o.b.  El  Paso,  and  the  corrugated  iron  at  $81 
f.o.b.  Pittsburgh.  In  every  case  where  a  steel  structure  occurs 
in  this  cost  sheet,  an  additional  amount  of  money  has  been  expended 
for  a  variety  of  purposes.  A  new  unit  price  is  therefore  obtained 
which  varies  with  the  structure  in  question.  The  extra  expenses 
entailed  are  the  freight  from  Pittsbui^h  and  El  Paso,  the  lumber  for 
nailing  strips,  air  lines  and  power  for  riveting  and  erecting,  extra 
trackage  to  deliver  steel  within  required  distance  of  erection  site 
accordii^  to  contract,  and  many  smaller  items  rightly  debited  here. 
The  unit  figure  therefore  arrived  at  gives  the  actual  cost  of  the  steel 
structure  as  it  stands  in  every  case.  There  were'163.97  tons  of  struc- 
tural steel  used  here. 
Account  7308.3— Woodwork. 
This  account  covers  the  labor  and  material  for  the  ties,  walkways  and 
rmlio£  upon  the  steel  trestle.  In  the  case  of  the  ties  they  were  laid 
for  large  part  upon  173-ft.  radius  curve  and  required  dapping  to  accom- 
modate a  }-in.  web  projection  of  steel  plate  sticking  up  from  each 
of  the  two  girders  which  they  spanned.  The  material  used  was  as 
follows : 

18,398  ft.  b.m.  8  in.  by  Sin.  ties  o.p $652.98 

9,248  ft.  b.m.  2  in.  by  4  in.;  4  in.  by  4  in.;  and  2  in.  by  12 

in.  872  lb.  Tin.  round  iron 21 .37 

Nails,  bolts  and  miscellaneous 94.57 

S768.92 
in  Ton  Track  Sodes— Receifing  Tard 
Account  7309 — EzcaTatkm. 

The  excavation  was  in  tight  sand  and  gravel.     It  was  done  with  pick 
and  shovel,  handled  into  cars  and  hauled  500  ft. 
Account  7309.1 — Foundation. 

This  was  a  job  of  plain  concrete  mixed  8  parts  sand  and  gravel  to   1 
part  cement,  hauled  2,000  ft.  by  teams  and  wheeled  in  barrows  50  ft. 


.coy  Google 


1564  UNIT  CONBTHCCTION  COSTS 

to  place.  The  concrete  was  principally  walls  with  a  few  piers.  Eighty 
per  cent,  of  the  exposed  surface,  other  than  top  and  bottom,  was  formed. 
A  great  many  J-in.  bolts  were  set  in  the  concrete.     (See  Fig.   7.) 

Account  7309.11— Cost  and  Erection. 

This  account  covers  the  material  and  erection  of  one  50-ft.,  150-ton 
suspension  platform  track  scale  with  type-registering  beam,  graduated 
by  10  lb.  The  platform  was  arranged  for  two  gauges  of  dead  and  live 
rails — i  ft,  SJ  in.  and  3  ft.  The  scale  was  furnished  by  Fairbanks 
and  Morse.  The  material  portion  of  this  account  is  divided  up  as 
follows :  (See  Fig.  7.) 

*  Cost  Freight        ToUl 

One  50-ft.  150-ton  auspenaion  platform    track 

aoale $1,351 .00       $486.09     $1,837.09 

294  raU  clips 45.00  ] 

75  stands  and  72  rail  blocks 211 .85  [       77.36  363.91 

Patterns  for  blocks  and  stands 28.70  J 

Structural  steel  for  track  scales 1,089. Ki 

Twenty-five  10  by  12  6  ft.  ties  and  2  by  12 

planks  covering W,83 

Bolts,  washers,  round  iron,  nails,  etc 105.41 

$3,450.86 

Account  7309.30— Scale  House. 
This  account  covers  the  cost  of  material  and  erection  of  the  scale  house. 
The  building  in  plan  is  9  ft.  6  in.  by  10  ft.  with  a  shed  roof.  In  front 
it  is  10  ft.  6  in.  high,  and  in  the  rear  8  ft.  The  studding  is  2  in.  by  4  in. 
and  the  rafters  are  2  in.  by  6  in.  The  siding  is  corri^^ated  iron  and  on 
the  roof  is  1-in,  sheething  and  composition  roofing  paper.  There  are 
two  windows  in  both  front  and  rear,  and  a  door  in  each  end.  (See 
Fig.  8.) 

Bridge  No.  1 

Account  7310.1 — Foundation. 

The  concrete  covered  by  this  account  consisted  of  two  footings  about 
6  ft.  by  6  ft,  by  55  ft,  with  two  abutments  about  3  ft.  by  14  ft.  by  55  ft 
at  base  to  14  ft,  at  top.  It  was  plain  concrete,  7  parts  sand  and  gravel 
and  1  part  cement,  mixed  by  hand  and  by  machine  and  wheeled  45  ft. 
to  place.  Ninety  per  cent,  of  the  vertical  and  inclined  surfaces  irere 
formed. 

Account  7310.10— Bridge  No.  1  Steel  Work. 

This  work  was  covered  by  the  Kansas  City  Structural  Steel  Co.'s 
contract.  (See  account  7308.20.)  The  bridge  consisted  of  two  gird- 
ers— each  of  three  18-in.  by  SO-lb.  by  20-ft.  I-beams,  connected  with 
bolts  and  separators  and  anchored  to  the  foundations  with  four  l-in. 
bolts. 
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Culvert  No.  1 


Account  7311 — Culvert  No.  1  Masoniy. 

This  was  a  Btooe  culvert  534  ft.  long,  with  inside  dimensions  4  ft.  by  4  ft. 
'  The  top  was  built  of  old  50-lb.  rails  at  S15  a  ton,  spaced  8-in.  centers 

and  rendered  tight  with  stones  set  with  cement  mortar  in  between  rails. 

There  ia  20  ft,  or  more  fill  over  the  culvert  at  various  points.     The 

stones  laid  in  cement  mottar  for  the  sides  and  bottom  were  obtained  on 

the  site. 

.    Retaining  W«Us 
Account  7312 — ^Ezcaratioii. 

This  was  a  long  narrow  cut  through  fill,  earth,  and  sand  and  gravel. 

It  was  taken  out  with  picks  and  shovels  and  transported  200  ft.  with 

slips. 

Account  7313.1— Concrete. 

The  concrete  covered  by  this  account  was  a  wall  of  gravity  secUon, 
,  8  in.  at  the  top,  of  various  heights  and  80  ft.  long.  The  mixture  used 
was  7  parts  sand  and  gravel  to  1  part  cement,  wheeled  50  ft.  Half 
of  the  yardage  was  band  mixed  and  half  machine  mixed. 

Account  7312.20— Masonry. 

This  wall  was  built  of  stone  which  was  gandy  to  the  site  and  was  laid 
in  cement  mortar.  The  wall  was  124  ft.  long,  12  in.  to  18  in.  thick 
and  from  2  to  5  ft.  high. 

M-Ton  Track  Scalea  on  Calcine  Track 

Account  7313 — ^Excavation. 

The  excavation  here  covered  was  a  small  rectangular  cut  through  tight, 
red  soil,  filled  with  large  stones.  It  was  picked,  shoveled  and  wheeled 
in  barrows  50  ft. 

Account  7313.1 — Foundation, 
The  concrete  under  this  account  was  small  walls  about  30  ft.  by  5  ft. 
by  22  in.  and  a  10-in.  slab.  It  was  mixed  7  parts  sand  and  gravel  to 
1  cement  by  hand  and  wheeled  25  ft.  to  place.  About  twenty-six 
J-in.  bolts  were  set  in  the  concrete.  Eighty-five  per  cent,  of  the 
vertical  surface  of  this  concrete  was  formed.     (See  Fig.  9.) 

Account  7313.20— Cost  and  Erection. 

This  account  covers  the  cost  of  the  material  and  its  erection  of  one 
40-ton  track  scale.  The  scale  platform  is  24  ft.  long  with  one  4-ft. 
8^-in.  track  passing  over  it.  It  has  a  type  registering  beam.  The 
scales  were  furnished  by  Fairbanks  Morse  Co.  Itemized,  the  mate- 
rial accounts  stand  as  follows: 
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Coet     Freight       Totol 

1  40-tan  track  scale  complete $400    S119.S6    S6I6.S6 

6-in.  by  O-io.  tiee;  S-in.  by  12-in.  atringere.  S-in 

by  12-in.  deckmg 26.19 

d-in.  and  5-in.  channela  and  5-in.  I-beama 102.85 

Strap  ateel,  bolta,  pipe,  hauling,  etc 64.95 

$710.85 
(See  Fig.  9.) 

Account  7313.30— Scale  House. 
Same  as  7309.50 — practically. 

Trestles  to  RecelvinE  Bias 

Account  7314 — Excavating. 
This  excavation  covered  two  large  abutments  6  ft.  in  the  ground  and 
10  piers  going  about  15ft.into  the  ground.    The  material  excavated  was 
earth  and  adobe.    It  was  handled  in  the  pier  footings  by  a  windlass. 

Account  7314.1 — Foundation. 

The  concrete  here  covered  was  in  two  large  abutments  and  in  10  piers. 
The  abutments  were  about  8  ft.  by  16  ft.  by  24  ft.  and  the  piers  7  ft. 
by  7  ft.  by  23  ft.  Forty-eight  J-in.  bolts  were  set  in  the  concrete. 
Twenty  per  cent,  of  the  vertical  surfaces  were  formed.  The  concrete 
was  mixed  in  proportions  of  7  parts  sand  and  gravel  to  1  part  cement. 
A  lai^e  amount  of  boulders  were  used  in  the  piers.  The  concrete  was 
both  hand  and  machine  mixed,  and  was  wheeled  in  barrowa  an  average 
of  200  ft. 

Account  7314.2— Steel  Structure. 
There  were  109.53  tons  of  structural  steel  used  here. 

Account  7314.30— Woodwork. 

The  woodwork  here  was  practically   the  same  in   every  respect  as 

7308.50,  with  additional  walkways  of  2  by  12  planks,  nailed  to  stoips 

bolted  to  the  steel. 

16,920  ft.  b.m.  8  by  8  ties  and  6  by  6  guard  rails. 

10,286  ft.  b.m.  2  by  12,  2  by  4,  4  by  4  walk  and  27,206  ft.  total  b.m. 

railings  was  used. 

(See  Fig.  6.) 

Receiving  Bins 
Account  7401— Excavation. 

This  work  covered  the  digging  of  a  number  of  piers  7  ft.  by  7  ft  to  a 

depth  ranging  from  16  ft.  to  25  ft.  into  gravel.     The  ^rt  was  easily  dug 

but  had  to  be  handled  from  the  lower  half  of  the  holes  with  windlasses. 

It  was  carted  away  at  the  top  225  ft. 
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Account  7402 — Foimdatioii. 

Only  5  per  cent,  of  this  concrete  was  formed.  The  lower  part  was 
machine  mixed  in  proportions  of  12  gravel  and  aaad  to  1  cement,  while 
the  upper  part  was  6  to  1.  It  was  wheeled  200  ft.  to  place.  The  top 
surfaces  were  trowel  finished  to  a  perfect  elevation  for  receiving  the 
steel. 
Account  7403 — Steel  Structure. 

There  were  11.35  tons  of  corrugated  and  341.74  tons  of  structural 
steel  used  here.     (See  account  7308.2.     See  Fig.  11.) 
Account  7404— Gates. 

This  account  covers  the  cost  of  material,  unloading  hauling,  fabrication, 
alteration,  and  erection  of  30  gates  beneath  the  jreceiving  bins.  All 
cast-iron  parts  together  with  operating  wheel,  shaft  and  gate  itself 
were  purchased  outright. 

The  chutes  attached  to  the  gates  were  fabricated  in  the  new  smelter 
shops.  The  parts  were  assembled  in  the  field  and  there  erected.  The 
holes  in  the  steel  structure  to  which  the  gates  were  attached  had  to  be 
rebored  in  the  field.  The  counterweights  for  the  12  coarse  ore-bin 
gates  were  made  on  the  job  and  erected.  These  12  counterweighted 
gates  are  opened  by  rack  and  pinion,  operated  by  a  hand  wheel  and 
cut  up  through  the  stream.  The  chutes  to  guide  the  ore  to  the  feeder 
are  of  |-in.  plate,  while  the  gate  is  fin.  The  other  16  gates  for 
the  concentrate  bin  are  similar  to  the  above,  but  are  not  counter- 
weighted  and  cut  down  through  the  stream.  (See  Fig.  12.) 
Account  7406 — Conveyor  No.  1. 

This  account  covers  the  entire  labor  and  material  connected  with  the 
installation  of  conveyor  No.  1.  It  does  not  include  the  steel  frame  to 
which  the  idlers  are  attached,  but  does  cover  the  cost  and  installation 
of  the  traveling  feeder  with  the  necessary  ties,  rails,  wire  and  motor. 
This  segregation  of  charges  is  true  of  all  conveyor  costs  given  in  this 
Cost  Sheet.  All  the  conveyors  were  furnished  by  the  Robins  Convey- 
ing Belt  Co.  Conveyor  No.  1  was  a  30-in.  belt,  making  a  97-ft. 
conveyor  with  a  3-ft.  rise,  operating  at  a  speed  of  150  ft.  per  minute, 
capable  of  handling  100  tons  per  hour.  It  is  supplied  with  12-)n. 
material  from  the  bins  above  it  through  a  speeded  feeder.  (See 
I^.  6.)     The  material  account  is  segregated  as  follows: 

Cost         Freight     Total 

202-ft.  30-iD.  belt -. .  W86.80      M6.45 

Feeder  belt 66.75 

Conveying  idlere,  ete 1,497.12     185-09 

Cent,  switch 34,00        2.20 

Brokep  pulley 44.00 

Miscellaneous  material 307,73 

One  5-h.p.  motor 87.06 , 

S2,713.45  1233.74  $2,947.19  i 
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Account  7406.01— Conveyor  No.  22. 

This  conveyor  is  ffimilar  to  No.  1.  It  has  a  20-iD.  belt,  making  a 
oonveyor  117  ft.  long,  with  a  3-ft.  rise,  operating  at  a  speed  of  200  fe«t 
per  minute  with  a  capacity  of  150  tons  and  taking  |-in.  concentrates 
through  a  speeded  feeder.  The  material  account  is  s^regated  as 
follows : 

Coat  Freight      Total 

241-ft.  8-in.  to  20-in.  belt S432.38      »31.94  

Feeder  belt 66.75 

Robina  material 1,367.60      169.07 

Cent,  awitoh 34.00  2.21 

MieoelUoeous  materisl 317.14 

5-h.p.  motor 87.04 


S2,294.81    S203.22     12,498.03 
(See  Kg.  13.) 

Account  7407 — Lighting. 

The  receiving  bios  were  lighted  with  22  drop  lights  using  100  volts 
A.  C.  current. 

Cnuhing  Ruit 

Account  7701 — E^avatioa. 

This  was  a  large  rectangular  cut  for  the  Crusher  Building  made  througb 
cemented  sand  and  gravel,  with  streaks  of  soil  running  through  the 
cut  hardened  by  caliche.  The  work  was  done  with  pick  and  shovel 
and  handled  by  wheelbarrow  into  carts  and  hauled  226  ft. 

Account  7702— Foimdation. 

This  concrete  was  reinforced  with  J-in.  and  J-in,  round,  medium  steel 
rods.  It  was  cast  in  walls,  12  in.  thick,  about  12  ft.  high  and  as  a 
12-in.  floor  slab.  The  concrete  was  machine  mixed  in  the  propor- 
tions of  5  sand  and  gravel  to  1  cement  and  about  60  per  cent,  of 
the  vertical  surfaces  were  formed.  It  was  wheeled  in  harrows  400  ft. 
up  an  8  per  cent,  grade. 

Account  7703— Steel  Structure. 

There  were  5.17  tons  of  corrugated  iron  and  19.9ft  tons  of  structural 
steel  used.     (See  account  7308.2.) 

Account  7703.1~Doors,  Windows  and  Frames. 
The  material  here  used  for  openings  was  as  follows: 

9  windows  and  frames  3  ft.  10|in,by7ft.  8  in.,  24  lights.  \ 

4  aaah  and  frames,  2  ft.  Hi  in.  by  3  tt.  Hi  in.,  9  lighta.    J    »^'"  ** 

Balance,  butts,  catches,  etc 25.38 

Lumber  for  sUls -     6.93 
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Account  7703.2— Painting  Woodwork. 
All  the  woodwork  was  painted  with  two  coats  of  lead  and  linseed  oil 
in  cream  color. 

Account  7704 — Crushing  MRChineiy. 
This  account  covers  the  material  cost  and  labor  of  installing  the 
following  machinery: 

Ooe  36-in.  by  l8-in,  Fwrell  Crusher,  aeoond  haod,  weight 

60,000  lb »1,0Q0.00 

Miseelbuieous  lumber 93.61 

(1,063.61 
Account  7704.1— Chutes. 
This  account  covers  the  cost  of  material  noted  below,  the  labor  of 
fabricating  the  spouts,  hoppers,  and  their  erection: 

1  Griizly  screen  3  ft.  by  8  ft.  made  of  l-in.  bars,  having  2i-in.  by 

2}-in.  openings,  framework  made  of  iV-in.  plate  and  S-in.  by 

3-iD,  angles. 
1  Spout  for  grifzly,  dumping  on  conveyor  No.  4  made  of  ^<-in.  atccl 

plate  and  2-in,  by  2-in.  by  i-in.  angles.     3-in,  C.I.  liners  used. 
1  Hopper  for  crusher  made  of  ^i-in.  steel  plates  2i-ia.  by  21-in. 

by  1-in.  angles,     {-in.  C.I.  linera  used. 

Account  7706— Shafting,  Pulleys  and  Belting. 

This  account  covers  the  material  cost  and  erection  of  the  following: 

1  Pc.  Bhafting4A  in.  by  6  ft.  8  in.  with  two  collars J29.64 

1  Pc.  shafting  4  A  by  6  ft.  3  in 16,51 

Two  4  I'l-in.  rigid  pillow  blocks 58.56 

One  48-in,  by  11-in.  aplit  pulley 47.69 

One  36-in.  by  16-in.  split  pulley 43.71 

Two  4V'ii-in.  safety  collars 5.39 

43  ft.  10-in.  two-ply  leather  belt 60.80 

42  ft.  14-in.  two-ply  leather  belt 220,37 

Miscellaneous 0.79 

$483.35 
Account  7706— Motor. 

This  account  covers  the  cost  of  the  following  material  and  the  installa- 
tion: 

One  60-h.p.  Crocker- Wheeler  aquiirel-ca^  motor  with  starter  S47S.41 
Lumber  for  houwng  motor 35.23 


Account  7707— Power  Wiring. 

Account  7707.1 — Lighting. 

This  account  covers  the  cost  and  installation  of  the  following  material; 

Dijil,.,-..   nGoOgIc 
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8  dropfl  16  candle  power 

30  ft.  brewery  cord 

350  ft.  No.  12  weatherproof  wire 

45  ft.  l-in.  conduit. 

Switches,  bolts,  etc. 

SunpUnf  PUfit 
Account  7801 — ^Excavation. 
This  account  covers  the  excavation  of  the  sampling  plant  and  the 
necessary  backfill  tamped  in  5-ia.  layers  in  the  low  parts  where  the 
basement  concrete  floor  was  cast.    It  was  done  with  picks,  shovels 
and  wheelbarrows,  through  earth,  sand  and  gravel. 
Account  7802 — Foundation. 

This  concrete  was  cast  in  the  walls  and  piers  of  the  sampling  plant 
It  was  mixed  by  machine  in  the  proportions  of  7  parts  sand  and 
gravel  to  1  part  cement  and  wheeled  in  barrows  150  ft.     Ninety  per 
cent,  of  the  vertical  surfaces  of  the  concrete  was  formed.     The  cost 
of  all  anchor  bolts  as  well  as  the  finish  to  exact  level  for  building 
columns  is  included  here. 
Account  7802.1 — Concrete  Ground  Floor. 
This  was  plain  concrete  floor  laid  with  sand  joints  in  about  6-ft.  square 
blocks  5  in.  thick,  in  the  proportions  of  5  parts  sand  and  gravel  to 
I  cement.    The  top  finish  was  1  in.  thick,  made  2  parts  sand  to  1 
cement,    troweled   smooth.    The  concrete  was    mixed   by  machine 
and  transported  175  ft.  in  barrows. 
Account  7802.2 — Reinforced  Concrete  Floors. 

This  concrete  was  cast  over  steel  I-beams,  u^ng  forms  between  the 
steel  beams.     The  mix  was  the  same  as  the  above  floor  with  the 
same  top  finish.     The  reinforcing  used  was  Clinton  welded  fabric  2- 
in.  by  12-in.  inesh.     The  floor  was  4§  in.  thick.     The  concrete  was 
mixed  by  machine  and  transported  500  ft.  to  place  by  wagon,  wheel- 
barrow and  hoist. 
Account  7803— Steel  Structure. 
There  were  13.46  tons  of  corrugated  iron  and  97.39  tons  of  stj'uctural 
steel  used.     {See  account  7308.2.) 
Account  7803.1 — Doors,  Windows  and  Frames. 

Thb  account  covers  the  purchase  price  and  erection  cost  of  material 
enumerated  below.  The  doors  are  not  given  in  the  list,  as  they  wer« 
made  upon  the  job,  but  correspond  to  the  frames  noted.  Necessary' 
hardware  is  also  included  in  the  cost. 

Fourteen  24-liBht  windows  3  ft.  Qi  in.  by  7  ft.  8  la.  by  1|  in. 

with  frames 
Twenty-nine  40-hKht  windows  7  ft.  5|  in.  by  3  ft.  lOf  in.  by 
11-in.  with  frames 


.coy  Google 


UNIT  CONBTHUCTION  COSTS  1571 

Two  ft4ight  windows  2  ft.  lli  in.  by  3  ft.  11]  in.  by  1}  in. 

with  frames 
One  4-ft,  8-in,  by  7-ft.  4-in.  door  frame 
One  9-ft.  2-in.  by  8-ft.  10-in.  door  frame 
Three  4-ft.  8-in.  by  7-ft.  4-in.  door  frames 
Five  3-ft.  S-in.  by  7-ft.  4-in.  door  frames 
One  3-ft.  S-in.  by  7-ft.  2-in.  door  frame 

One  9-ft.  2-in.  by  9-ft.  2|-in.  door  frame  S564.00 

(See  Fig.  14.) 

Account  7803.11— Painting  Doors  and  Windows. 

This  covers  the  material  and  labor  of  applying  two  coats  of  linseed  oil 
and  white  lead. 

Account  7801— Shafting,  Pulleys  and  Belting. 

This  is  not  a  good  cost.  The  labor  is  unquestionably  too  low  and  has 
been  absorbed  by  some  of  the  following  accounts  up  to  account  7807.6, 
Eighty-five  feet  of  shafting,  varying  in  size  from  HI  in-  to  StV  in. 
with  28  pulleys  of  various  diameters  and  face  with  the  various  hangers, 
collars,  etc.,  and  1,325  ft.  of  3-in.  to  12-in.  leather  belting  were  to  be 
taken  care  of  here.     The  material  is  correct.     (See  Fig.  108.) 

Account  7806 — Motors. 
The  material  covered  by  this  account  is  as  follows: 

One  15-h.p.  squirrel-cage  motor $189.94 

One  75-h.p.  slip  ring 644.00 

Overload  release 14.25 

Miscellaneous 39.38 

»887.57 
Account  7806— Power  Wiring. 

Account  7806.1— Lighting. 

36  drop  lights 

No.  12  weatherproof  wire  used  in  conduit 1140. &7 

Account  7807 — ^Rolls  and  Samplers,  Cost  and  Erection. 

Thb  coat  covers  the  price  and  installation  of  the  following  material, 
together  with  the  application  of  two  coata  of  Dixon's  Silica  Graphite 
paint  upon  the  Rolls,  Samplers  and  Chutes: 

Cost  Freight         Total 

2  seta  24  by  12  rolls,  from  Chalmers 

andWUliama »l,33O.0O    J344.16     81,674  16 

1  set  42  by  16  rolk,  from  Chalmers 

and  Williams 1,567 .50      482.40       2,049-90 

1  set  48  by  12  rolls,  from  Chalmers 

and  Williams 1,710.00      716.43       2,426,43 

One  27-in.  Snyder  sampler  with  28- 

in.  by  Sj-in.  pulley  T.  &L 38.00  S.04  43.04 
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GoBt  Frei^t  Total 
Two42-m,  Snyder  samplerB  with  40- 

in.  by  Si-in.  pulley  T.  A  L 133.00        29.95  J62.95 

1  No.  1  Venn   sampler  with   spout 

arranged  for  5  per  cent,  cut,  Allis- 

ChalmerB 162.00        20.61  182.51 

1  No.  3  VesiD  sampler  with  spoilt 

arranged  for  10  per  cent,  cut,  Allis- 

Chalmera 220.00        45,64  265.64 

Cost  Freight  Total 
Two  5-T  steel  p!at«  crawls  for  12-in.  I's.,,1104,00  $16,76  $119.76 
One  4rT  steel  plate  orawla  for  10-in.  ra...     40.00       6.11       46.11 

Two  3-T  steel  plate  crawls  for  9-in.  I's 64.00       8.61       72.61 

One  5-T  Triplex  chain  block 112.00    14.49    126.49 

One  4-T  Triplex  chain  block 88.00      9. 10      97, 10 

Structural  steel,  machine  parts 632.44 

Miscellaneous,  etc $7,899, 14 

(See  Figs.. 15,  Id,  110,  111  and  112,) 

Account  7807.10 — Cast  Iron  Liners  and  DrTing  Pan,  and  Erection  of 

Chutes. 
This  account  covers  the  erection  of  account  7807.5,  and  the  cost 
and  erection  of  the  following; 

1  Sample  drying  pan  8  Ft.  i  in.  by  5  ft,  2)  in $136.11 

I-in.  C.I.  liners  for  chutes,  castings  c 865.76 

$1,001.86 

Account  7807.20— Elevators. 
Below  is  a  description  of  the  elevator  with  the  material  cost.    The 
erection  is  too  low  and  not  usable. 

33  ft.  between  head  and  tail  shafts 
Head  and  tail  pulley  34  in.  by  9  in. 
Drive  pulley  23  in.  by  6  in.,  40  h.p.m. 

All  housed  with  No.  10  plate  steel  casing 

72  ft.  6  in.  of  8-in.  6-ply  rubber  belt 

Forty-eight  6-in.  by  4-in,  malleable  buckets,  style  A.A.  Mfrs.  Btd. 

Liners  for  casing  made  of  white  iron  1  in,  and  1  in.  thick 

Cost $458.22 

(See  Fig.  11.) 

Account  7807.6— Steel  Chutes. 

This  is  the  average  cost  per  pound  of  material  and  labor  for  fabricating 
all  steel  chutes  used  in  the  sample  mill.  In  general  they  were  made  of 
iV-in.  plate  and  light  angles.  The  cost  of  erecting  is  in  7807.1 
and  in  the  comparative  costs  are  found  the  individual  chute  costs. 
(See  Fig.  109.) 
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Account  T809 — Keystone  Plate  Partitions. 

1,623  aq.  ft.  of  No.  14  Keyatone  Plate  partitions  were  erected  by 
riveting  the  plates  together  and  attaching  them  to  the  structural  steel 
of  the  building.  The  plates  were  orginally  intended  for  a  roof  upon 
the  Roaster  Dust  Chamber  and  had  each  long  edge  turned  up  Ij 
in.  The  cost  of  cutting  these  edges  off  is  here  included.  (See  Fig. 
113.) 

Account  7810— Alteration  of  Chutes  and  Machinery. 

Bedding  Plant  and  Bunker  Bins 

Account  7901 — Excavation. 
Thia  excavation  involved  making  long,  deep,  oblong  cuts  through 
earth  and  sand  and  gravel  bonded  with  caliche.  It  was  necessary  to 
use  power  to  shake  up  the  ground,  followed  iu  some  cases  with  plows. 
A  part  of  the  work  was  handled  with  slips  and  fresnos;  another  part 
by  picks,  shovels  and  w^ons.     The  average  haul  was  600  ft. 

Account  7902 — Foundation. 

This  concrete  yardage  was  made  up  as  follows: 

5S0  ft.  footing,  4  ft.  wide  by  2  ft.  deep-plain 
660  ft.  waU,  1  ft.  6  in.  thick  by  5  ft.  high-plain 
1200  ft.  footing,  3  ft.  6  in.  wide  by  10  in.  deep-plain 
600  ft.  wall,  1  ft.  6  in.  thick  by  6  ft.  high-plain  reinforced  coping 
600  ft.  wall,  1  ft.  fl  in.  thick  by  11  ft.  high-plain 
320  ft.  footing,  7  ft.  wide  by  3  ft.  deep,  reinforced  with  i-ia.  and  t- 

in.  rods,  6  in.  on  oentera 
320  tt.  wall,  4  ft.  6  in.  thick  by  II  ft.  high,  reinforced  with  Hn.  rods, 

12  in.  on  centers 
12,700  aq.  ft.  rough  finished  slab,  5  in.  thick 

The  concrete,  of  which  85  per  cent,  of  the  vertical  surface  was  formed, 
was  machine  mixed,  in  the  proportions  of  7  parts  sand  and  gravel  to 
1  part  cement.  It  was  wheeled  to  place  in  barrows,  a  distance  on  the 
average  of  180  ft.     About  half  of  the  yardage  was  reinforced. 

Account  7903— Steel  Structure.     (See  account  7308.2.) 

Struotural  steel 610.41  tona 

Comigat«d  iron 38,30  tons 
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Account  7904— Conveyors  7',  7*.  (See  account  7406,  and  Fig.  91.) 
Conveyor  7*  has  a  20-in-  belt,  180  ft.  3  in.  from  center  line  to  center 
line  of  head  and  tail  pulleys  with  an  8-ft.  9-in.  rise,  operating  at  a  speed 
of  300  feet  per  minute,  with  a  capacity  of  150  tons  per  hour.  It 
takes  |-in.  material  which  it  unloads  through  a  20  in.  automatic 
tripper.  It  brings  the  fines  from  the  Conveyor  5  to  the  bedding  con- 
veyors. Conveyor  7*  has  a  20  in.  belt,  200  ft.  long  from  center  line 
to  center  line  of  head  and  tail  pulleys  with  a  9-ft.  2-in.  rise,  operating 
at  a  speed  of  400  feet  per  minute,  capable  of  handling  100  tons  per  hour. 
It  takes  2i-in.  material  from  Conveyor  6  which  it  unloads  through 
an  automatic  tripper  into  the  Bunker  Bins  beneath.  The  original 
installation  here  called  for  a  bedding  tripper  at  S950,  which  was 
superseded  by  an  automatic  tripper.  Both  chaises  are  in  this  ac- 
count. For  a  proper  unit  cost  here,  this  charge  of  $950  should  be 
deducted. 

The  woodwork  noted  below  in  the  segregated  charges  includes  walk- 
ways of  two  2  by  12's  beside  both  conveyors,  as  well  as  decking. 


Cost        Freight  Total 

Belts 11,433,79  1102.35  »1,536-14 

Conveyor  mHterial 1,451 .06      

2  automatic  trippers  and  track  (used).  1,228.38     369.02  3,998.46 

1  ore  bedding  tripper  (diaoarded) 960.00      

Lumber 253.74 

71-h.p.  motor  conveyor  7' 138.76 

10-h.p.  motor  conveyor  7' 156.80 

Centrifugal  switch 72.40 

Drive  BeltB 54.80 

Wire  for  motors 97.26 

Painting  material 20.88 

Miscellaneous 44.44 


Total $6,373. 67 


Account  7904.1— Conveyors  8',8*,  8». 
(See  account  7405.) 

ConveyorsS',  8',  8' are  practically  identical,  runnii^  out  over  the  three 
beds.  The  exception  is  that  conveyor  8*  has  a  6-ft.  in  place  of  a  3-ft. 
rise  at  the  start  and  is  5  ft.  longer.  In  general  the  three  belts  are  20  in. 
wide,  186  ft.  9  in.  long,  from  center  line  to  center  line  of  head  and 
tail  pulleys,  with  a  3-ft.  rise,  operating  at  a  speed  of  400  ft.  per 
minute,  with  a  capacity  of  150  tons  per  hour,  taking  a  f-in.  material 
and  distributing  it  through  a  bedding  tripper  onto  the  beds  below. 
This  account  segregated  shows  as  follows: 
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Belte .'... 

Coat 
»2,124.73 

Freight 
S152.34 

569.53 

Total 
$2,277.07 

31  32 

Total 

(See  Fig.  91.) 

Account  7904.2— Conveyors  9',  9',  9",  10^  10*. 

(See  account  7405.) 

Ail  these  conveyors  are  on  wooden  aupporta,  the  material  for  which 
and  the  cost  of  walkways  is  here  included. 

Conveyors  9',  9',  9^  are  identical.  They  take  the  reclaimed  material 
from  the  beds  to  conveyor  10'.  They  are  20-in.  wide  belts,  198  ft. 
4  in.  from  center  line  of  head  pulley  to  center  line  of  tail  pulley  per- 
fectly Sat,  operating  at  a  speed  of  300  feet  per  minute,  with  a  capacity 
of  100  tons  per  hour. 

Conveyor  10'  takes  the  material  from  9',  9*,  9'  to  conveyor  11.  It 
is  145  ft.  3  in.  from  center  line  of  head  pulley  to  center  line  of  tail 
pulley,  perfectly  flat,  operating  at  a  speed  of  300  feet  per  minute,  with 
a  capacity  of  100  tons  per  hour. 

Conveyor  10'  takes  the  material  from  the  Bunker  Bin  gates  to  Con- 
veyor 14.  It  has  a  20-in.  belt,  is  165  ft.  long  from  center  line  of  head 
pulley  to  center  line  of  tail  pulley,  is  perfectly  flat,  operating  at  a 
speed  of  300  feet  per  minute,  with  a  capacity  of  100  tons  per  hour.  It 
uses  one  feeder  below  the  gates  the  same  as  on  Conveyor  2. 
The  material  segregated  is  as  follows: 

Coat        Freight  Total 

Belt 13,300.76  1228,98  13,529.74 

Feeder  belt  on  10' 56.76 

Conveyor  material 2,718.25     

Feeder  conveyor  10" 925.00    586.43  4,229.68 

Lumber  for  walkways,  decking,  framework,  etc 7S6 .  61 

5  overload  releases 71.25 

5  centrifugal  switohee. 181 .05 

Five  6-h.p.  motora 435.20 

Drive  belts 106.28 

Electrical  supplies 243.13 

Painting  material 52.19 

Miscellaneous 95.30 

Total t9,766?I9 

(See  Fig,  115.) 
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AccouDt  79M.3 — ^Bunker  Bin  Gates. 

These  are  cast-iroa  chutes  about  22  in.  square  with  an  arc  gate  con- 
trolling the  discharge  through  the  bottom.  All  cast  iron  is  |-in. 
thick,  save  the  jf-in.  wearing  plate  upon  the  arc  gate.  The  operating 
lever  was  furnished  in  the  structural  steel  contract. 

42  spouts  i-JD.  eaat  iron 
42  gates  i-in.  oast  iron 
42  cover  plates  |-in-  cast  iron  $1,021.64 

Account  79M.4 — Chutes  for  Conveyors  7*  to  10*  inc. 
This  account  covers  the  fabrication,  erecting  and  material  in  the 
chutes  directing  the  ore  from  one  belt  to  another  at  theBeds  andBunker 
Bins.     Also  included  here  are  the  cast-iron  wearing  plates  for  lining  the 
Chutes. 

The  chutes  are  made  of  ^,-'m.  plate  and  the  necessary  angles. 
The  wearing  plates  are  |  in.  to  1  in.  thick,  hard,  white  cast  iron. 

Account  7906 — Two  Reclaimers. 
(See  Fig.  116.) 

Account  7906.1— Two  Reclaimers  Wiling. 
This  account  covers  the  material  cost  and  labor  of  installing  a  double 
trolley  wire  on  three  beds  together  with  the  wirii^  of  two  reclaimerG 
and  switchboards.    The  material  is  wire,  condulets,  circuit  breakers, 
and  the  like.     {See  F^.  118.) 

Account  7906 — ^Lighting. 
This  account  covers  the  labor  and  material  used  in  lighting  the  Bed- 
ding Plant  and  Bunker  Bins. 

63  carbon  lampa,  16  candle  power 

466  ft.  brewery  cord 
1,395  ft.  No.  8  weatherproof  wire 
1,835  ft.  No.  12  weatherproof  wire 

205  ft.  l|-iu.  conduit 

285  ft.  1-in.  conduit. 

Account  7907 — Transfer  Car. 
This  car  was  a  structural  steel  frame  about  4  ft.  high  and  62  ft.  by  18 
ft.  in  plan.  It  transfers  the  Reclaimers  from  one  bed  to  another,  or 
to  the  repair  shed  under  its  own  power,  using  a  7i-h.p.  motor,  getting 
direct  current  through  a  trolley.  It  *as  furnished  by  the  Robins 
Conveying  Belt  Co.     (See  Fig.  117.) 

Account  7908— Signal  System. 
This  account  is  of  no  value. 
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RoaatliiE  Wmnt 
Account  8101— Excavation. 
This  covered  a  large  surface  grade  made  to  the  required  elevation  of 
the  site,  made  by  plows  and  fresnos  and  hauling  the  dirt  to  a  railroad 
grade  an  average  of  450  ft.  This  was  followed  by  picks,  shovels  and 
carts,  making  deep  cuts  to  gravel  through  red  clay  and  boulders  for  the 
steel  foundation. 

Account  8102 — ^Foundations. 

This  concrete  was  all  cast  as  piers  with  at  least  2|-in.  bolts  in  each 
pier.  Only  10  per  cent,  of  the  vertical  surfaces  was  formed,  though 
many  of  the  piers  were  6  ft.  deep.  One-half  of  the  concrete  was 
machine  mbced  and  one-half  was  hand  mixed  in  the  proportions  of  7 
parte  sand  and  gravel  to  1  cement.  The  pier  tops  were  fimshed  to  a 
perfect  elevation  to  receive  the  steel  columns.  The  concrete  was 
wheeled  about  60  ft. 

Account  8103— Steel  Structure. 
(See  account  7308.2.) 

There  were  23.16  tons  of  corrugated  iron  and  422.12  tons  of  structural 
steel  used.     (See  Figs.  117  and  118.) 

Account  8103.1— Elevator. 

This  account  gives  the  entire  labor  and  material  incident  to  erecting  a 
52-ft.  high  10-ft.  6-in.  by  8-f t.  6-in.  platform  elevator  in  a  self-supporting 
structural  steel  frame.  It  does  not  include  other  than  the  excavation 
and  concrete  pit.     The  account  segregated  stands  thus: 

Structural  Bteel  erected  for  elevator  frame  and  tower $840,97 

One  5-T  electric  hoiat  with  240-volt  D.C.  motor 1,261.60 

3,792  b.t.  lumber 11.56 

Hope  sheaves,  counterweights,  etc 29.23 

Labor 37.79 

MiscellaaeouB 8.47 

S2,189.62 

The  labor  installed  the  motor,  hoist  and  wood  platform. 

Account  8104 — ^Roasters,  Cost  and  Erection. 

This  account  covers  the  cost  and  erection  of  the  roaster  shells  as 
furnished  by  the  Kansas  City  Structural  Steel  Co.  and  the  roaster 
equipment,  namely,  the  central  shaft,  rabble  arms,  rabbles,  driving 
mechanism,  doors  to  roasters,  cast-iron  rings,  etc.  As  segregated  the 
material  account  shows  below.  The  HerreshofF  furnaces  have  6  super- 
imposed hearths  and  a  top  dryii^  hearth.  The  arms  are  cooled  by  air 
furnished  by  two  motor-driven  fans.  The  diameter  of  the  shell  is  21  ft. 
7i  in.  outude  and  18  ft.  2  in.  in  height. 
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Cost             Freight  Total 
8  furnaces  trom    Pacific  Foundry 
Co.  designed  by  Gen.  Chemical  Cu.  $36,278.12  18,016.73"  M4,294.86 

Eight  1-ton  steel  trolleya  tor  6-in.  I'b 155.30 

(See  fig.  121.) 

One  1-ton  duplex  chain  block 27.47 

Steel  Bhells  erected— KCSSCo 10,182.73        840.06  11,032.79 

Power  for  riveting 452.25 

Miscellaneous 363.43 


S56,326.0 


Account  8104.1 — Roaster  Alteration. 
Account  810&— Brickwork. 

This  account  covers  the  cost  of  the  brick,  mortar  materials,  etc.,  and 
labor  of  the  mason  with  helpers  of  installing  the  brick  in  the  roasters. 
The  unloading  of  the  brick  from  cars,  the  centers  and  carpenter  labor 
are  taken  care  of  elsewhere.  The  brick  here  used  were  in  the  main 
special  shapes  and  95  per  cent,  of  them  were  hard  burned  red  brick. 
In  all  there  were  15  different  shapes.  The  hearths  were  laid  dry  and  the 
shell  brick  laid  with  slimes  from  the  copper  company's  concentrator. 
(See  Fig.  133.) 

Account  8106.01 — Brick  Unloading. 
This  covers  the  coat  of  leveling  ground,  checking  up  quantities,  and 
unloading  of  brick  from  cars  to  roasters.    This  total  cost  includes  the 
unloading  of  all  brick  forroaster  use,  the  actual  amount  needed  plus  the 
extra  not  used. 

Account  8106.02 — Brickwork  Centering. 

ThU  account  covers  the  cost  of  making,  installii^,  removii^  and  the 
material  for  16  sets  of  centers  used  for  putting  in  48  hearths.  (See 
Fig.  133.) 

Account  8106.01— Roaster  Flue-spouts. 

This  covers  the  cost  of  material  and  erection  of  10  spouts  with  gates 

from  the  roasters'  common  flue.     The  material  is  as  follows: 

10  cast-iron  gates  for  12J  in.  diameter  spouts. 

10  spouts  of  No.  lOplate,  24ft.  long,  12i-in,  outside  diameterfastened 

to  base  of  hopper  by  2  in.  by  2  in.  angle  collar. 

103  in.  plate  slides  for  gates. 

(See  Fig.  135.) 

Account  8106.02— TUe  Work. 

This  account  covers  the  mason  labor,  carpenter  labor,  cost  of  tile  and 
unloading,  mortar  materials  and  a  lumber  chaise  for  scaffolds  used  in 
this  flue.  The  flue  is  built  of  tile  and  is  about  50  ft.  from  the  ground. 
The  tile  for  the  roof  was  laid  between  T  iron  spanners  from  wall  to  wall. 
The  mortar  was  Hme.     (See  Fig.  132.) 
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Account  8106.03~Pamtiii£  Flue. 
The  inside  of  the  above  Sue  was  given  one  coat  of  silicate  of  soda. 
The  account  covers  this  material    and  labor  cost. 

Account  8107— Shafting,  Pulleys  and  Belting. 

Below  b  the  material  list  erected  under  this  account.  The  shafting 
was  attached  directly  to  the  steel  frame  of  the  building. 

47  ft  of  3^in.  shafting 

103  ft.  of  2H-iii.  shafting 

Two  20-in.  by  12-in.  pulleys 

One  3&-in.  by  10-in.  with  clutches  for  each 

Roaster 
160  ft.  10-in.  6-ply  rubber  belt 
310  ft.  8-in.  7-ply  rubber  belt 
Miscellaneous 27 .  54 

11,990.80 
Account  8108— Motor. 

This  covers  the  cost  of  material  and  labor  of  installii^  one  30>h.p. 
motor  to  drive  the  Roasters.  It  is  located  directly  upon  the  first 
ateel  floor  of  the  Roaster  Building. 

One  30-h.p.  Bquirrel-oaga  motor S267,S0 

One  overload  release 14.25 

Miscellaneous  wire,  insulators,  belt,  etc 181.91 

S463.96 
Account  8109 — Lighting. 
The  Roasters  are  furnished  with  light  on  all  floors. 

Account  8112 — Motor-driven  Vans. 

This  covers  the  price  and  cost  of  installing  upon  their  foundations 
2  motor-driven  fans,  which  furnish  the  ^r  to  cool  the  roaster  arms. 
They  are  55-in.  double  width,  full  housing  conoidal  fans,  direct  con- 
nected, each  with  a  25-h.p.  squirrel-cage  induction  motor. 
Each  fan  has  a  capacity  of  22,000  cu.  ft.  of  air  per  minute  against 
a  pressure  of  IJ  in.  water. 

Cost        Freight    -     Total 

2  fans  and  motors Sl,203.00  $199.49     Sl,402.49 

Miscellaneous 3.42 

Sl,406.gi 
Account  8112.1— Blast  Pipe. 

This  account  covers  the  material  price,  cost  of  fabrication  and  installa- 
tion of  240  ft.  of  blast  pipe.  The  installation  referred  to  is  connecting 
up  and  riveting  the  pipe  in  place  in  the  field  only.  The  pipe  is  made  of 
No.  10  and  No.  12  plate  and  varied  in  diameter  from  18  in.  to  36  in. 
The  inlet  pipe  to  each  roaster  was  18-in.  diameter. 
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Account  8113— Conveyor  No.  12. 
See  account  7405.  Thia  conveyor  takea  the  material  of  the  beda 
from  conveyor  No.  11  and  delivers  it  to  conveyor  13'  and  13*.  It 
is  a  20-in.  belt,  51  ft.  3  in.  from  center  line  of  tail  puUey  to  center  line 
of  head  pulley,  with  an  8-ft.  rise,  operating  at  a  speed  of  300  ft.  per 
minute,  with  a  capacity  of  100  tons  per  hour.  The  segregated  material 
account  is  as  follows: 


Conveyor  materiftl 370.91    45.86  416.77 

One  6-h,p.m 87. M 

1  centrifugal  switch 34.00      2.21  36.21 

Lumber,  decking  and  painting  material 30.07 


SS05.05 

Account  8113.1 — Cooveyors  13*  and  13*. 
Conveyors  13*  and  13*  take  the  product  from  conveyor  12  running 
the  length  of  the  Roaster  Building  each  delivers  the  material  through 
a  separate  automatic  tripper  to  the  roaster  bins.  They  are  identical. 
Both  are  20-in.  belts,  running  perfectly  flat,  109  ft.  from  center  line 
of  head  pulley  to  center  line  of  tail  pulley,  operating  at  a  speed  of  300 
ft.  per  minute, with  a  capacity  of  100  tons  per  hour.  The  account  for 
material  stands  as  follows: 

Coat      Freight  Total 

Belt »837.72    $59.26  S806.B8 

Conveyor  material 913.60    236.45  2,150.05 

2  automatic  trippere  A  track 1,000.00     

Two  S-h.p.  motors 174.08 

2  centrifugal  switchea 68.00        4.42  72.42 

Drive  belt 30.79 

Lumber,  decking,  paint 123.90 

Spouts  from  conveyor  12 11 .54 

Miscellaneous 12.57 


Account  8113.2 — Stile  over  Conveyors  13*  and  13*. 
These  stiles  were  made  of  structural  steel,  purchased  from  the  Kansas 
City  Structural  Steel  Co.  and  erected  by  the  Arizona  Copper  Co. 

Roaster  Dust  Chamber 


Account  8121 — Excavation. 
Same  as  8101. 
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Account  8122 — ^Foimdation. 
Same  as  8102. 

Account  8123— Steel  Structure. 
See  account  7308.2. 

There  were  14.8  tons  of  corrugated  iron,  376.4  tons  of  structural  steel 
used  here  and  27.63  tons  of  No.  11  Keystone  plate.  (See  Figs.  103 
and  131.) 

Account  8123.01— Wire  Baffles. 

This  account  covers  the  cost  of  material,  labor,  and  repairs  entailed 
in  installing  60,480  wire  bafBes  in  the  roaster  dust  chamber.  The 
wires  with  hooks  on  one  end  like  shepherds  crooks  were  hui^  4  in. 
on  centers  both  ways  from  chains  supported  from  the  lower  members  of 
the  roof  trusses  4  in.  apart.  The  segr^atlon  of  material  is  as  follows. 
The  wires  hung  a  few  inches  off  the  dust  chamber  bottom  and  were 
thus  of  various  lengths.     (See  Fig.  131.) 

1,008  l-in.  chains  20  ft.  6  in.  long  with  two  hooks 11,451.00 

63,954  lb.  No.  10  wire  (black) 2,877.82 

6,5571b.  No.  10  wire  (black) 361.96 

MiBcelianeous 67.35 

S4,758.23 
(See  Fig.  131.) 

Account  8123.1— TUe  Work. 

The  sides  of  the  roaster  dust  chamber  and  inclined  bottom  were  built  of 
4-in.  hollow  tile.  This  material,  labor  of  masons  and  their  helpers, 
lumber  for  scaffolds,  carpenter  labor,  mortar,  material  and  power  for 
hoisting  are  here  included  in  the  coat. 

Account  8123.11— Tile  Unloading. 

This  accoimt  covers  the  cost  of  unloading,  wheeling,  checking  qu&ntites 
and  leveling  up  ground  to  receive  tile. 

Account  8123.2— Painting  Outside. 

The  outside  of  the  tile  portion  of  the  chamber,  namely,  sides  and 
bottom,  were  given  one  coat  of  mineral  red  and  linseed  oil.  The  mor- 
tar was  scraped  from  the  tile  before  applying.  This  account  covers 
the  labor  and  material. 

Account  8123.3 — Painting  Inside. 

The  tile  work  on  the  inside  of  the  dust  chamber  was  given  one  coat  of 
silicate  of  soda  used  as  a  paint.  This  account  covers  the  labor  and 
material  of  this  operation. 
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Reverberatory  I^ant  , 

Account  8301 — Ezcavation. 
This  was  the  making  of  a  deep  surface  cut  for  the  building.  The 
material  was  principally  red  clay  and  boulders.  In  many  cases  power 
was  used.  In  general  the  ground  was  plowed,  scraped  with  fresnoe 
through  a  trap  into  narrow-^auge  side-dump  cars  and  hauled,  2,000  ft. 
by  steam  locomotive  to  make  a  railroad  fill. 

Account  8301.01— Backfilling. 

This  covers  the  cost  of  backfilling  in  the  reverberatory  bottoms  and 
between  the  reverberatories.  The  dirt  was  red  clay  soil.  It  was 
plowed,  hauled  in  wagons,  dumped,  shbveled  into  a  derrick  box  and 
lifted  by  a  locomotive  crane  over  the  reverberatory  sites  and  dumped. 
It  was  then  distributed  with  wheelbarrows  and  tamped  in  4-in.  layers. 

Account  8302 — Foundation. 

This  work  consisted  of  long  walls  averaging  230  ft.  loi^  4  ft.  at  top  and 
6  ft.  at  bottom,  and  of  beams  to  withstand  the  reverberatory  buck  stay 
pressure,  averaging  660  ft.  long  by  3  ft.  by  3  ft.  The  walls  were 
reinforced  with  |-in.  rods,  spaces  about  4  to  6  in.  on  centers,  while 
the  beams  were  reinforced  with  f-in.  and  1-in.  rods  about  4  in.  center 
lines  one  way. 

Thajnixture  used  was  1  part  cement  and  5  parts  sand  and  gravel, 
machine  muced,  transported  100  ft.  average,  with  wagons,  cars,  whed- 
barrows  and  concrete  carts  as  the  situation  demanded.  100  per  cent, 
of  the  vertical  surface  was  formed. 

Account  8302.1 — Concrete  Counterweights. 
These  are  used  for  the  cross  and  header  flues.    Some  are  1  ft.  square 
from  6  ft.  to  10  ft.  long,  cast  in  wooden  forms.     Others  are  circular,  cast 
in  steel  cylinders.     The  concrete  was  mixed  in  a  machine,  wheeled  150 
ft.  and  made  plain  with  1  part  cement  to  5  sand  and  gravel. 

Account  8303— Steel  Structure. 

There  is  in  this  building  55.31  tons  of  corrugated  iron,  and  405.78  tons  of 
structural  steel. 

Account  8304. — Reverberatories— Brickwork. 

This  account  covers  all  the  brick,  mortar  material  and  mason  labor  used 
in  laying  the  brick  of  three  reverberatories.  The  overall  dimen^ons  of 
the  furnaces  are  104  ft,  long  by  27  ft.  wide  and  about  10  ft.  6  in.  to  the 
crown  of  the  arch.  The  side  walls  are  2  ft.  6  in.  thick  and  the  arch  is  20 
in.  deep.  In  the  three  reverberatories  there  was  used  106,350  red  brick, 
laid  in  lime  mortar  and  257,288  various  shaped  silica  brick  dipped  in 
silica  shmes.     (See  Figs.  77,  78  and  79). 
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Account  8304.01— Uoloading  Brick. 

This  account  covets  the  cost  of  preparing  the  unloading  site,  building 
three  brick  sheds  of  84,000  cu.  ft.  capacity,  the  unloading  of  the  brick, 
checking  the  quantities,  and  piling  separately  31  different  shapes. 

Account  8304.02— Centering. 

This  account  covers  the  C03t  of  material,  fabrication  of  one  center 
t<^ether  with  the  labor  and  erecting  and  tearii^  it  down  three  times. 
The  arch  was  made  of  2  by  12  centers  with  l-in.  sheathing  tacked  on 
top.  The  2  by  12  centers  were  spaced  18  in.  centers,  supported  on  6  by 
S  strii^era  held  up  by  4  by  8  posts  suitably  braced.     (See  Fig.  130.) 

Account  8304.06— Rehandling  Brick. 

This  account  covers  the  transporting  at  many  different  times  of  the 
silica  brick  from  the  sheds  to  the  reverberatories  a  distance  of  500  ft.  by 
one-mule  carts. 

Account  S304.1— Steel  Work. 
This  account  covers  the  cost  of  the  material  and  labor  of  installing  the 
steel  buck  stays  for  the  reverberatories.    Below  is  a  list  of  material: 

Buck  stays  276  12-in.  31. Mb.  beams  on  aides 

Buck  stays  84  12-in.  31. Mb,  beams  on  ends 

Rails  1,212-ft.  6(>-lb.  rails 

Rails  BMrft.  ?Mb.  rails 

Gross  sUy  rds.       78  If  in.  diam.    31  ft.  8  in.  long 

Longitudinal  rds.    27  Ij  in.  diam.  110  ft. 

6  steel  supports  for  longitudinal  rods  made  of  2  to  8-in.  angles  11}  lb. 

(See  Fig.  78.) 

Account  8304.2— Silica  Fill. 

This  cost  is  for  the  silica  purchased,  crushed  in  a  variety  of  ways, 
transported  to  the  furnaces  and  tamped  in  place  there  in  layers.  It 
came  from  the  Calumet  and  Arizona  Mining  Co.,  at  Douglas.  The 
segregation  of  the  account  per  ton  is  as  follows: 

First  cost  Freight  Crushing  and  placing        Total 

$2,757  $1,749  $3,134  $7.64 

Account  8304.3 — Hoppers  and  Chutes. 
This  account  covers  the  cost  of  material  and  the  installation  of  feed 
hoppers  and  chutes  with  their  gates  and  levers  to  the  reverberatories. 

Cast-iron  hoppers,  chutes,  weights,  levers,  bare $1,216.20 

300  ft.  1-ln.  steel  sash  cord,  100  clips,  50  thimbles 23.00 

1021b,  i  by  3  flat  iron 2.45 

200  lb.  1  U-iti,   shafting 12. 09 

Miscellaneous 9 .  85 

$1,263.59 
(See  Figs.  81  and  82.) 
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Account  8306 — Cross  and  Header  Flues  Brickwork. 

TluB  covers  the  cost  of  the  tile,  brick,  mortar,  lumber  for  scaffolds, 
mason  and  carpenter  labor  incident  to  building  the  croaa  and  header 
flues  from  the  reverberatories  to  the  boilers.  They  are  11  ft.  from  the 
ground  and  8  ft.  by  8  ft.  6  in.  in  section.  The  roof  is  a  brick  arch  held 
by  buck  stays.  There  were  red  brick,  fire  brick  and  4-in,  bottom  tile 
used  in  the  construction.     (See  Figs.  80,  83,  84  and  S5.) 

Account  8306.1 — Cross  and  Header  Flues  Unloading  Brick. 

This  covers  the  unloading,  checking  quantities  and  preparing  site  for 
the  brick  used  in  the  flues. 

Account  8306.03 — Cross  and  Header  Fliies — Centering. 

This  covers  the  cost  of  material  and  labor  for  making,  installing  and 
wrecking  the  arch  center  for  the  flues  of  8305.01.  Centers  were  made 
for  about  one-half  the  length  and  then  moved  to  the  oth^  half. 

Account  8306.2 — Cross  and  Header  Flues — ^Painting  Brick. 

This  covers  the  cost  of  painting  the  outside  of  the  flues  with  one  coat 
of  mineral  red  and  linseed  oil  when  the  flues  were  in  service.  The  steel 
work  of  the  buck  stays  was  given  at  the  same  time  one  coat  of  graphite 
paint. 

Account  8306 — ^Flues,  Boilers  to  Reverb.  Flue — Excavation. 

This  work  covers  small  pier  excavation  in  red  clay.  It  was  picked, 
shoveled  into  barrows  and  transported  about  15  ft. 

Account  8306.1 — ^Flues,  BoUers  to  Reverb.  Flue — ^Foundation. 
This  foundation  is  some  small  piers  of  plain  concrete  mixed  by  machine, 
1  part  cement  to  6  parts  sand  and  gravel,  transported  by  wheelbarrows 
125  ft.     About  40  per  cent,  of  the  vertical  surfaces  was  formed.     Even- 
pier  has  2|-in.  anchor  bolts. 

Account  8306.2— Flues,  Boilers  to  Reverb.  Flue — Steel  Structure. 
See  account  7308.2. 

This  covers  seven  6-ft.  diameter  flues  of  J-in.  steel  with  their  supports 
There  were  34.78  tons. 

Account  8307— Boiler  Building— Excavation. 

This  account  covers  the  d^ging  of  two  long  deep  cuts  for  retaining 
walls.  Two  feet  of  clay  were  encountered,  followed  by  sand  and  gravel 
and  boulders  with  caliche.  The  ground  was  partly  blasted,  all  picked, 
shoveled  into  wagons  and  hauled  a  distance  of  600  ft. 

Account  8307.01  Waste  Heat  Boilers— Excavation. 

This  work  was  digging  shallow  trenches  for  small  foimdations,  through 
red  clay  and  small  boulders.  The  ground  was  picked,  shoveled  and 
hauled  600  ft. 
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Account  8307.02— Oil-fired  Boilers— Ezcavatioo. 
Same  as  8307.01. 

Account  8307.06— Boiler  Feed  Pumps— Ezcavatioii. 

Thb  was  a  deep  square  cut  involvii^  659  cu.  yd.  through  red  clay  and 
boulders,  into  sand,  gravel  and  boulders  tightened  with  caliche.  It 
was  partly  loosened  with  powder,  picked,  shoveled  and  hauled  by 
wagons  400  ft.  The  lower  half  was  handled  twice,  once  onto  scaffolds 
and  the  second  time  out  of  the  pit. 

Account  8307.01— Backfill,  Back  of  Boiler  Well. 

This  was  filling  behind  a  long  retaining  wall.  This  dirt  was  adobe, 
wetted  and  tamped  in  5-in.  layers.    The  dirt  was  wheeled  60ft.  toplace. 

Account  8307.1— Boiler  Building— FoundatiODS. 

This  work  covered  a  reinforced  wall  240  ft.  long,  U  ft.  high,  I  ft.  at 
top,  2  ft,  at  bottom,  with  pilasters  connected  at  top  with  horizontal 
reinforced  concrete  beams  forming  the  support  for  waste  heat  and  oil- 
fired  boilers.  Three-fourth  inch  and  J-in.rodsspacedabout6iii.to8in. 
were  used  tc^ether  with  many  foundation  bolts.  The  mixture  was  5 
sand  and  gravel  to  1  cement,  made  in  a  machine  and  hauled  175  ft.  in 
wagons,  thence  by  wheelbarrow  10  to  15  ft.  into  place.  One  hundred 
per  cent,  of  the  vertical  surfaces  was  formed. 

Account  8307.11— Waate  Heat  Boilers— Foundations. 

This  work  covered  the  reinforced  concrete  beams  noted  in  8307.1 
required  for  the  waste  heat  boilers.  The  other  conditions  were  the 
same,  save  50  per  cent,  only  of  the  vertical  surfaces  was  formed. 

Account  8307.12— Oil-fired  Boilers— Foundations. 
See  account  8307.11. 

Account  8307.13— Feed  Pumps— Foundation. 

This  account  covered  the  reinforced  cantilever  walls  for  a  pit  26  ft. 
by  26  ft.  in  plan,  14  ft.  high  and  1  ft.  thick.  The  rods  were  §  in. 
and  I  in.  The  mixture  was  machine  mixed  5  sand  and  gravel  to 
1  cement,  hauled  175  ft.  in  wagons  to  place.  Seventy-five  per  cent,  of 
the  vertical  surfaces  was  formed. 

Account  8307.2 — Floor  over  Slag  Track  Cut — Floor. 

This  covered  the  laying  of  a  6-in.  reinforced  concrete  floor  30  ft.  by 
240  ft.  over  steel  I-beams  with  a  mortar  finish  troweled  smooth.  The 
mix  was  machine  made  5  sand  and  gravel  to  I  cement,  with  2  to 
1  top  finish.  A  iV-'Q-  woven  wire  triangular  mesh  was  used  and  50 
per  cent,  of  the  surface  was  formed.  The  concrete  was  wheeled  in 
barrows  an  average  of  175  ft.     (See  Fig.  86.) 
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Account  8307.3— Floor  around  Boilers. 
This  is  a  4,000-sq.  ft.  plain  concrete  floor  of  4  in.  laid  in  blocks  with 
sand  joints  and  given  a  2  to  1  top  finish.    The  concrete  was  macbine 
mixed,  7  sand  and  gravel  to  1  cement  and  wheeled  in  barrows  about 
175  ft.  on  the  average. 

Account  8308— Boiler  Building— Steel  Structure. 
See  account  7308.2. 

There  is  in  this  building  35.03  tons  of  corrugated  iron  and  257  tons  of 
structural  steel. 

Account  8308.6— Platforms  and  Brackets. 

These  were  structural  steel  walkways  installed  after  the  boilers  had 
been  piped  and  bricked,  furnished  by  the  Kansas  City  Structural 
Steel  Co.  and  erected  by  the  Arizona  Copper  Co.  construction  force. 
There  were  29.5  tons  of  material.  The  installation  necessitated 
boring  for  connections  and  much  removing  steam  piping. 

Account  8309— Waste  Heat  BoQerS;  Including  all  steel. 

This  account  covers  the  cost  of  the  7  waste  heat  boilers  with  the  steel 
framework  of  the  settings  erected.  These  boilers  are  class  M  No.  26 
Stirling  waste  heat  boilers,  for  180  lb.  pressure.  They  have  7,460 
sq.  ft.  of  total  heating  surface  and  occupy  each  a.  space  of  16  ft.  by  20  ft. 
4  in.  by  26  ft.  4J  in.  The  waste  heat  from  the  flue,  common  to  all 
the  reverberatories,  enters  the  front  of  the  boilers  at  the  top.  (See 
Fig.  87.) 

Account  8309.01~Waste  Heat  Boilers— Brickwork. 

This  account  covers  all  red  and  fire  brick  and  tile  with  mortar  and 
lumber  for  scaffolds,  as  well  as  mason  and  carpenter  labor  entering  into 
the  bricking  of  the  waste  heat  boilers.  The  unloading  of  the  brick 
and  handling  from  the  pile  to  the  boiler  site  are  taken  care  of  elsewhere. 
(See  Fig.  87.) 

Account  8309.02— Waste  Heat  Boilers— Unloading  Brick. 

This  covers  the  cost  of  preparing  the  site,  unloading  and  checking  all 
brick  used  under  this  account. 

Account  8309.03— Waste  Heat  Boilers— Painting. 

When  the  boiler  settings  were  warm,  they  were  given  one  coat  of  min- 
eral red  in  oil.  This  account  covers  the  labor  and  material  incident 
to  this  operation. 

Account  8309.06— Waste  Heat  Boilers— Rehandling  Brick. 
This  covers  the  cost  of  handling  brick  a  distance  of  250  ft.  from  piles 
to  site  of  waste  heat  boilers  in  wheelbarrows. 
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Account  8309.10~-OU-fired  Boilers,  Including  all  Steel. 

Same  as  account  8309.     (See  Fig.  88.) 

Boilers  were  3,  Class  M,  No.  14  Stirling  for  oil  firing,  having  each 
4.017  sq.  ft.  of  heating  surf  ace.  Each  boiler  occupied  a  space  of  10  ft. 
by  20  ft.  4  in.  by  26  ft.  45  in.  The  oil  burners  are  not  here  included, 
but  3  stacks  are  of  48-in.  diameter  each  and  60  ft.  high  above  damper 
frame,  made  of  No.  10  and  No.  8  steel.     (See  Fig.  88.) 

Account  8309.11— Oil-fired  Boilers— Brickwork. 

Same  as  account  8309.01.    (See  Fig.  88.) 

Account  8309.12— Oil-fired  Boilers— Unloading  Brick. 
Same  as  8309.02. 

Account  8309.13 — Oil-fired  Boilers— Painting. 

Same  as  8309.03. 

Account  8309.16 — OU-fired  Boilers— Rehandling  Brick. 
Same  as  8300.05,  save  distance  was  about  300  ft. 

Account  8310— Stqierheaters— Waste  Heat  Boilers. 

This  account  covers  the  cost  of  the  material  and  the  labor  of  installing 
7  Foster  superheaters  for  class  M,  No.  26  waste  heat  Stirlli^  boilers. 


$8,288.71 
(See  Fig.  880 
Account  8310.10 — Superheaters — Oil-fired  BoUers. 

This  account  covers  the  cost  of  the  material  and  the  labor  of  installing 
3  Foster  superheaters  for  class  M,  No.  14  oil-fired  boilers. 

3  Foster  superheaters $2,675.03 

Miscellaneous 81.38 


$2,750.41 
Account  8312 — Miscellaneous  Piping.    Boilers  and  Reverb.  Building. 
This  account  covers  the  cost  of  material  and  installation  of  miscel- 
laneous piping  in  the  boiler  and  reverberatory  buildings.     The  sizes 
are  various.    It  is  not  valuable  for  unit  costs. 

Account  8312.1— Excavation. 

This  account  covers  excavation  and  backfill  for  a  long  deep  trench. 
The  material  met  with  was  red  clay  filled  with  boulders  and  sand  and 
gravel.  It  was  done  with  picks  and  shovels,  and  handled  300  ft.  with 
wheelbarrows  and  slips.  Two  hundred  feet  of  the  trench  were  cribbed 
and  lagged  20  ft.  high.  Much  of  the  dirt  had  to  be  handled  three  times 
in  removing  it  from  the  trench. 
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Account  8312.11— Feed  Piping  from  Heating  Plant  to  Feed  Pumps. 

This  account  covers  th&  cost  of  the  pipe,  pipe  conduit,  insulating 
material  and  the  labor  incident  to  installing  them  in  a  trench  ninning 
from  the  hot  water  heating  plant  to  the  boiler  feed  pump  house  back 
of  the  boilers.  The  conduit  was  ordinary  vitrified  15-iii.  sewer  pipe 
split  in  halves.  The  first  half  was  laid  in  the  trench,  the  joints 
cemented,  followed  by  the  laying  of  the  8-in.  standard  wrought  iron 
pipe.  About  this  the  asbestos  filler  was  packed  and  after  each  section 
of  thf!  conduit  top  was  laid,  the  filler  was  stuffed  in  over  the  top  of  the 
8-in.  pipe  to  thoroi^hly  cover  it.  The  material  account  is  s^r^ated 
as  follows: 

557  ft.  IS-in.  J.  M.  sectional  conduit 12,273.47 

577  ft.  8-in.  wrought^iron  pipe 374.49 

Asbestos  filler  Bjad  miscelloiieouB 109.83 

$2,757.79 

Account  8312.20— Feed  Piping  from  Pumps  to  Boilers. 

This  cost  is  not  valuable  for  unit  purposes.  It  represents  pipe  fittings, 
pipe  covering,  paint,  and  the  labor  of  erecting  pipe  and  fittii^^  cover- 
ing some  of  the  pipe  with  insulation,  and  painting  all  pipe.  The  piping 
was  about  one  steam  and  two  electrical  feed  pumps  at  the  boilers.  It 
also  covers  a  hot  water  line  the  length  of  the  boiler  building,  a  cold 
water  line  the  same  lei^h  with  connections  from  each  line  to  each 
boiler.  The  two  main  lines  are  6  in.  The  connections  to  the  boilers 
are  3  in.  The  hot  water  lines  are  covered  throughout.  The  pipes  are 
of  standard  strength  and  the  fittings  are  extra  heavy.  The  labor  costs 
include  also  the  manufacture  of  all  pipe  hangers.  A  further  segre- 
gation of  the  material  is  as  follows: 

Pipe J4I6,39 

Fittings 2,408.89 

Kpe  covering 137.26 

Hangera  and  misccllaucoua 7S.46 

93,041.00 

Accotmt  8312.6 — ^Blow-off  Pq)ing  and  Drum. 
This  cost  is  not  valuable  for  unit  purposes.  It  represents  the  cost  of  the 
material  below  and  the  labor  of  installing  it.  The  blow-off  piping  runs 
about  10  ft.  beyond  the  end  of  the  boiler  buildii^  and  discharges 
there  into  a  steel  drum  4  ft.  diameter  by  4  ft.  high,  with  an  8-in. 
diameter  pipe  riser.  From  the  base  of  the  drum  it  discharges  into  a 
sewer  pipe  nearby.  The  drum  foundation  is  included  in  the  concrete 
cost.     A  segr^ated  material  cost  is  as  follows: 
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225  ft.  2)'in.  standard  wrought-iron  pipe 

25  ft.  8-in.  standard  wrought-iron  pipe 'f  $447 .  03 

20  ft.  21-iii.  extra  heavy  non-rising  stem  gate  vah 
20  ft.  2f-in.  asbeHtoB  packed  cocks  1  70  84 

I  blow-off  drum,  4  ft.  diam.  by  4  ft.  high  J 

»627.77 

Account  SSlS'-Wiring  Electrical  Feed  Pumps. 
This  covers  the  wiring  of  the  two  40-h.p.  motors  of  the  feed  pumps  to 
the  mains.    The  material  was  as  follows: 

2  circuit  breakers S31 .  70 

Conduit  and  covering 85.20 

Wiring  and  miaoellaneoua 60.09 


Account  8313.1 — ^Lighting  for  Reverb,  and  Boiler  Building. 

Thb  represents  the  material  and  labor  of  hanging  104  drop  lights  in 
the  boiler  and  reverberatory  building. 

8  tungsten  lamps,  40  watt 
96  carbon  lamps,  16  c.p. 
146  ft.  brewery  cord 
2,710  ft.  1-in.  conduit 
Wire,  switches,  etc. 


Account  8314 — Slag  Launders. 

All  the  material  cost  and  labor  installation  of  these  reverberatory  slag 
launders  and  two  converter  slag  launders  are  here  included.  Therever- 
beratory  slag  launders  at  the  slag  end  of  the  furnace  consist  of  a  settler 
and  spout.  The  settler  is  about  6  ft.  by  3  ft.  by  2  ft.,  made  of  f-in. 
steel  plate  and  3-in.  by  3-in.  angles.  The  spout  leading  from  the  settler 
to  the  slag  cars  is  of  cast  iron  6  ft.  6  in.  long  and  1  in.  thick.  The  con- 
verter slag  launders  are  built  of  cast  iron  about  Ij-in.  thick  on  the 
average,  in  4-ft.  6-m.  sections  and  are  24  ft.  6  in.  long.  They  are  set 
up  aloft  in  the  converter  building  on  a  structural  steel  frame  made  of 
10-in.  15-lb.  I's  2J  by  2^  by  iV  angles  attached  to  the  framework 
of  the  building,  and  lead  into  the  top  of  the  reverberatory  furnaces. 

Account  831S— Matte  Launders. 
These  launders  lead  from  small  settler  boxes  at  the  tap  holes  of  the 
reverberatories  along  the  dirt  floors  in  which  they  are  set  to  a  be^ht  of 
10  to  12  ft.  above  the  converter  building  floor  where  they  discharge 
into  properly  located  matte  pots.  The  small  boxes  are  of  J-in. 
plate  with  3  by  3  and  2)-in.  by  2i-in.  angles.  The  launders  are 
of  cast  iron  average  2g-in.  in  thickness.  Here  is  included  the  cost 
of  the  above  material  together  with  the  labor  of  installing  them. 
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Account  8316— Six  No.  14  Wilgus  Oil  Systems. 
This  account  covers  the  cost  of  6  Wifeus  oil  pumps,  asbestos  covering 
for  portions  of  these  pumps,  the  labor  of  installing  the  pumps,  the  labor 
of  thoroughly  overhaulii^  them,  required  because  of  the  unsatisfactor}' 
condition  existing  in  the  leaking  steam  heating  coils  and  the  labor  of 
applying  the  asbestos  covering.  The  5i-in.  by  3J-in.  by  5-in, 
duplex  oil  pumps  were  set  directly  on  the  concrete  floor  in  front  of  the 
oil-fired  boilers. 

Account  8317 — Two  Electrical  Feed  Pumps. 
These  pumps  located  back  of  the  boilers  were  lowered  into  the  13-ft. 
pit  onto  their  foundations  and  set  ready  for  piping  connections.  They 
are  two  vertical  triplex,  8-in.  by  lO-in.  Aldrich,  electrical  driven  pumps 
each  attached  with  flexible  couplings  to  a  40-h.p.  motor.  The  oost 
covers  the  material  segregated  below  and  the  labor  of  installing  the 
same: 

Factory     Freight  Oifton 

Two  40-h,p.  motora $1,700.00      J24.44  »1,724.44 

Two  v.,ticU,ipta  pump,                       2,794.00  1    5,,  „,  „ 

Spare  parts  for  pumps 518.00  J 

Miscellaneous 50.46 

$5,633.97 

Account  8317.1 — One  Steam  Feed  Pump. 

Here  is  given  the  labor  of  installing  and  the  material  cost  of  one  10-in. 
by  6-in.  by  12-in.  duplex  boiler  steam  feed  pump.  This  pump  is 
located  next  to  the  two  electrically  driven  Aldrich  pumps  of  8317. 

Account  8317.2 — Crawls  and  Chain  Blocks  in  Feed  Pump  House. 
This  gives  the  cost  of  delivering  and  hangii^  in  place  in  the  feed  water 
pump  house  two  2-ton  steel  plate  crawls  for  lower  flange  of  S-in.  I-beam, 
one  2-ton  duplex  chain  block  for  16-ft.  lift  tt^ether  with  the  materia 
cost  as  s^regated  below. 

Two  a-ton  crawls $53.74 

One  2-ton  chain  block 58.31 

$112,05 

Account  8318— Fettling  System. 

Here  is  given  the  cost  of  installing  fettling  tracks  and  cars  over  the  three 
reverberator! es.  A  structural  steel  frame  to  support  an  18-in.  gauge 
car  and  walkway  was  erected  along  each  side  of  each  reverberator}', 
being  attached  to  the  steel  frame  of  the  building.  The  cost  of  this 
material  as  given  below  and  the  labor  of  installing  the  same  are  here 
covered: 
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Three  IS-in.  gauge  bottom  dump  cars  with  Hy&tt  roller 

bearings tl96.83 

3  steel  turn  plates  1  m.  by  72  in.  by  138  in 93.24 

18.25  tons  fabricated  structural  steel  and  rail 1,492.66 

2  by  12  lumber  for  walkways 18.48 

Power  for  riveting  and  miscellaneous 141 .  87 

(1,943.08 
Converter  Plant 
Account  8401 — EzcaTatioa. 
This  was  &  large  slice,  similar  to  side  hill  work,  through  red  clay  and 
boulders  into  sand  and  gravel  tightened  with  caliche.     It  was  shaken  up 
with  powder,  plowed,  fresnoed  through  a  trap  into  narrow-gat^e  side 
dump  cars  and  conveyed  1 ,000  to  2,000  ft.  by  a  narrow-gauge  locomotive. 
Account  8402 — Foimdation. 

This  was  a  big  wall  same  as  under  8301,  with  about  30  piers  5  ft.  by 
6  ft.  by  8  ft.  deep.  The  concrete  was  machine  mixed,  7  parts  sand 
and  gravel  to  1  cement,  transported  75  ft.  iu  concrete  buggies  and 
wheelbarrows.  About  50  per  cent,  of  the  vertical  surfaces  was  formed. 
'  Each  pier  had  four  2-in.  anchor  bolts  6  ft.  long. 
Account  8403 — Converter  BuUdiag — Steel  Structure. 

(See  account  7308.2).    There  is  in  this  building  94.01  tons  of  corru- 
gated iron  and  689.85  tons  of  structural  steel. 
Account  8404 — Converter  Stands — ^Excavation. 

This  excavation  was  small  rectangular  cuts  in  sand  and  gravel,  made 
with  picks  and  shovels  and  handled  in  wagons  900  ft. 
Account  8404.1 — Converter  Stands — Foundation. 

This  concrete  was  the  same  mix  as  8402,  but  100  per  cent,  of  its  vertical 
surfaces  was  formed.    It  was  hauled  300  ft.  to  place  in  dump  wagon  and 
cars. 
Account  8406 — Converter  Stands  and  Shells. 

This  account  covers  the  cost  of  the  material  noted  below,  tf^ether 
with  the  labor  required  to  install  the  stands,  put  together  the  parts  of 
the  converters,  erect  motors,  controllers,  solenoid  brakes  and  attach 
blast  connections.  The  unloading  of  this  material  from  the  cars  is  in 
account;  8411.  The  shells  were  12  ft.  in  diameter,  of  the  Great  Falls 
type,  havir^  each  28  tuyeres  of  U  in.  diameter,  extra  heavy  pipe. 
Three    cast-iron    converter    stands,  with    50-h.p.  motors, 

brakes,  controller,  etc S9,80i.Ol 

Four  12-ft.  converter  shells 12,115.46 

Blast  connections,  valves,  etc 321 ,  81 


122,238.28 
3  Figs.  126  and  127.) 
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Account  8406.01~Repair6  to  No.  2  Stand. 

When  No.  2  converter  shell  was  let  into  place  by  the  crane,  it  vraa 
allowed  to  fall  a  short  dbtance  and  cracked  the  cast-iron  stand.  The 
stand  was  then  taken  off  its  foundation  and  patched  with  a  steel  plate. 

Account  8406.10— Conveiter  Shells— Brick  Lining. 

This  account  covers  both  the  labor  and  material  incident  to  lining  four 
converter  shells  and  tops  with  magneaite  brick.  In  bottom  of  each 
shell  there  is  an  average  of  9  in.  of  silicate  of  soda  and  burnt  magnesite 
beneath  the  brick.  Around  the  sides  there  are  4\  in.  of  this  mate- 
rial laid  in  behind  the  brick.  The  top  is  laid  with  brick  only.  The 
material  required  for  one  converter  is  as  follows: 

28  sacks  (286  lb.  e&ch)  of  magnesite  cement. 
50  sacks  (234  lb.  each)  of  burnt  magnesite. 
5  bbl.  (635  lb.  each)  of  sUicate  of  soda. 
4,385  magneaite  brick  of  various  shapee. 

Account  8406.11— Converter  Shells— Unloading  Brick. 

This  covers  the  cost  of  the  shed  together  with  the  checking,  unloading 
and  piling  all  m^nesite  brick,  cement,  magnesia  and  sodium  silicate. 

Account  8406 — Cranes. 
This  covers  the  cost  of  two  40-ton  Morgan  cranes  and  the  labw  of  in- 
stalling them  on  the  craneway,  and  putting  together  the  equipment 
ready  for  operation.  It  does  not  include  the  wiring.  They  were 
hoisted  place  on  the  craneway  by  the  use  of  two  erecting  engines. 
These  cranes  are  of  40-ton  capacity,  have  four  motors,  span  55  ft.  from 
rail  to  rail,  and  are  rigged  for  a  50-ft.  lift^  Each  crane  has  a  15-ton 
auxiliary  hoist,     (See  Fig.  90.) 

Account  8406.1— Wiring  Cranes. 
This  cost  is  not  valuable  as  it  represents  30  per  cent,  more  labor  than 
should  have  been  spent.  The  cranes  were  wired  twice  because  the  first 
time  was  done  improperly.  The  wiring  is  largely  in  conduits.  Hctc 
too  is  the  cost  for  the  trolley  lines  from  which  the  cranes  take  their 
power. 

Account  8407 — CUnkering  Machines. 

These  two  machines  are  set  24  ft.  above  the  floor  of  the  converter 
building  on  structural  steel  supports.  The  steel  supports  are  a  part 
of  the  converter  buildii^  and  have  been  costed  in  that  account.  The 
main  body  of  the  machine,  the  mixer,  is  the  frustrum  of  a  cone  13  ft 
6  in.  long,  whose  head  end  is  5  ft.  diameter  and  whose  discharge  end 
is  9  ft.  6  in.  diameter.  It  is  made  of  J-in.  steel  plate,  lined  with  1-in- 
cast-iron  liners.  The  whole  is  mounted  on  trunnions  operated  by  » 
50-h.p,  motor.    The  ladle  which  feeds  the  converter  slag  into  the  head 
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end  is  60  cu.  ft,  capacity  and  is  tilted  by  a  screw  operated  by  a  15-h.p. 

motor. 

The  feeder  whicii  lets  siliceous  ore  into  the  head  end  to  agglomerate 

with  the  slag  extends  from  the  silica  bins  to  a  pipe  discharging  into  the 

dropping  stream  of  slag.     It  is  a  screw  conveyor  4  ft.  9i  in.  long. 

Each  machine  has  a  hood  connected  to  a  steel  flue  2  ft.  6  in,  diameter 

by  36  ft.  8  in.  long,  leading  into  the  converter  dust  chamber. 

The  machinery  for  two  machines  enumera1«d  above  cost      S1I,872.82 

Two  50-h.p.  motors  as  above 828,61 

Two  15-h.p.  motors  as  above 820.16 

2  brakes  for  ladle  tipping  motor 176 .  51 

2  traveling  Hwitchea  for  brakes 136.44 

2  circuit  breakers 102.80 

MiBcellaneous 44.60 

S  13,981.94 

This  cost  includes  the  price  of  the  machines  and  the  cost  of  install- 
ing them. 

Account  8407.01  CUnkering  Machines — Alteration  No,  1. 
The  teeth  on  the  drive  gears  had  to  be  chipped  off  and  trued  up  so  as 
to  mesh  properly. 

Account  8407.02 — Clinkering  Machines — Alteration  No.  2. 

Account  8407,03 — Clinkering  Machines — Electrical  Alterations, 

Account  8407.1 — ^Wiring  Clinkering  Machines. 

This  covers  the  labor  and  material  of  wiring  the  two  50-h.p.  motors  and 
two  15-h.p.  motors  operating  the  clinkering  machines. 

Account  8409~Wiring  for  Converter  Control, 

Account  8409,1— Lighting. 

This  covers  the  labor  of  instailii^  the  material  incident  to  lightii^  the 
converter  building,  as  well  as  the  material  itself.  There  were  used 
thirty-four  16-c.p.  carbon  lamps,  twenty-six  250  watt  tungstens,  440  ft. 
of  No.  8  and  No.  12  weatherproof  wire  exposed,  880  ft.  of  No.  12  wire 
in  |-in.  conduit,  684  ft.  of  No.  12  wire  in  1-in.  conduit. 

Account  8410— Air  Pipe  from  Power  House — Excavation, 

This  covers  the  cost  of  digging  a  trench  through  sand,  gravel  and  big 
boulders  for  a  24-in.  pipe,  with  pick  and  shovel  and  backfilling  the  same. 

Account  8410,1 — Air  Pipe  from  Power  House — Laying. 

This  covers  the  cost  of  the  material  s^regated  below  and  the  labor  of 
installing  it.  The  pipe  was  placed  undei^ound  and  ran  from  the  power 
house  to  connect  with  all  of  the  converters.     It  was  built  to  carry  air 
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under  12  lb.  pressure  of  No.  8  U.  S.  gauge  plate  riveted,  tested  for 
25  lb.  pressure  and  painted  with  asphaltum  p^nt.  It  was  made  in  30- 
ft.  sections  and  fastened  together  with  forged  steel  flanges. 

400  ft.  24-in.  pipe,  10  in.  caat-irou  nociles,  tees  and  elle Sl,332.70 

22  ft.  lO-in.  pipe  and  two  1(Md.  flanges 27.54 

Two24-iii.  oast-iroa  gate  valves. .   .  415.25 

Three  10-in.  cast-iron  gate  valves 138. 55 

Miscellaneous 127.86 

$2,041.89 
(See  Fig.  89.) 

Account  8411— Ladles,  Boats,  Bails,  Tools,  Etc. 

This  account  covers  the  cost  of  the  material  segr^ated  below,  the 
labor  of  unloading  it,  the  labor  of  unloading  material  in  account  8405. 
and  the  cost  of  material  and  manufacture  of  several  converter  collar 
pullers,  as  well  as  alterations  upon  the  slag  ladles  and  scrap  boats. 

Factory    Freight  TotKl 

One  7-ft.  by  7-ft.  elt^  boat  complete 
with  chain 1362.00    S38.00  (400.00 

2  converter  scrap  boats  9  ft.  by  2  ft. 

3  )  in.  high  by  2  ft.  5  in.  wide 512.60      28.02             540.62 

3  cast-etee!  slag  hidles 745.90    283.04          1,028.94 

2  caatrsteel  matte  ladles  (20  tons  capac- 
ity)   1,152.45] 

Ibail 400.00  I 

Ibail 200.00  | 

1  pattern 100.00  J 

4  chainsand  converter  lifting  devices.     340.63 

1  cast-iron  skull  breaker 124.99 

Miscellaneous  material  for  collar,  etc 125.65 


}  519.11         2,371.56 


(4,932.3 


Account  8413 — Casting  Machines — ^Excavation. 

This  covers  2  deep  rectangular  cuts  in  sand,  gravel  and  big  boulder^ 
with  pick  and  shovels.     It  was  loaded  into  carts  and  hauled  600  ft- 

Account  8414 — Casting  Machine — Foundation. 

The  foundation  for  each  machine  consisted  of  a  rectangular  sump  with 
plain  concrete  floor  enclosed  by  reinforced  concrete  retaining  w&Ilf- 
The  walls  were  about  6  in.  tiiick,  8  ft.  high,  reinforced  with  f-in. 
and  |-in.  rods.  The  concrete  was  machine  mixed,  5  parts  sand  aoil 
gravel  to  1  cement,  hauled  in  cars  150  ft.  dumped  and  handled  to  sjle 
in  wheelbarrows  150  i\.  100  per  cent,  of  the  vertical  concrete  surfaw* 
was  formed. 

Account  8416 — Casting  Machine— Cost  and  Erection. 

This  account  covers  the  cost  of  all  the  material  composing  2  casting 
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machiaes,  and  all  the  labor  required  to  erect  on  their  foundations  ready 
to  operate.  Each  maohine  has  a  steel  cradle  to  receive  a  ladle  of  mol- 
ten copper.  This  cradle  is  controlled  from  a  pulpit  and  is  tipped  by  the 
power  from  a  20-h.p.  motor.  It  is  set  high  enough  to  pourinto  a  castit^ 
spoon  of  Ij-in.  cast  iron  ivbose  approximate  dimensions  are  2  ft.  wide 
by  3  ft.  6i-in.  long,  and  from  7  in.  |to  1  ft.  5i-in.  deep.  This  cast- 
ing spoon  pours  into  the  moulds  which  are  attached  to  a  heavy  steel 
conveyor.  The  moulds  are  39  in  nimiber,  made  of  2J-in.  cast  iron 
reinforced  with  iV-in.  perforated  plate.  Their  inside  dimensions  are 
2  ft.  4  in.  by  1  ft.  6J-in.  by  3J-in.  deep.  From  the  pulpit,  by  use  of 
power  from  a  20-h.p.  motor,  the  conveyor  with  the  moulds  moves 
along  under  a  spray  of  water  from  needle  holes  in  pipes  placed  above 
them  until  they  reach  the  end  of  the  conveyor  where  a  device  in  the 
bottom  of  the  moulds  loosens  the  ingots,  allowii^  them  to  drop  into  a  tank 
of  water.  This  bosh  is  made  of  yV-in.  plate,  3  by  3  and  4  by  3  angles. 
It  is  7  ft.  wide,  23  ft.  51-in.  long,  and  varies  in  depth  from  7  ft.  10  in. 
to  2  ft.  10  in.  The  copper  bars  are  removed  from  here  by  a  steel  drag 
conveyor  operated  by  a  1 1-h.p.  motor,  controlled  from  the  pulpit.  When 
the  bars  leave  the  bosh  and  fall  onto  the  striking  plate  they  are  handled 
by  a  radial  crane  whose  moving  end  travels  on  a  40-ft.  curved  I-beam. 
Along  the  radial  crane  beam  travels  a  small  air  hoist  capable  of  picking 
up  1  ton.  It  operates  under  an  air  pressure  of  16  lb.  A  jib  crane  is 
so  located,  attached  to  a  building  column,  that  it  can  handle  the  moulds 
for  removing  and  replacing.  It  has  a  3,000  lb.  capacity  triplex  block 
and  S-in.  I-beam  trolley.    Below  is  a  segregated  material  list: 

2  casting  machinee J18,657.89 

Two  11-h.p.  and  four  20-h.p.  motors 2,933.88 

2  jibcraneB 327.22 

2  radial  craneB 1,167.91 

2  travelmg  switches 135 .  75 

2  brakes  for  ladle  tipping  motors 176.51 

"          4  circuit  breakers 103 .  50 

Moulds,  etc 708.55 

$24,211.21 
(See  Kga.  128  and  129.)  ] 

Acconnt  UlS.l — Casting  Machine — Repairs. 

Account  8416— Loading  Platform — Excavation. 
Same  aa  8413,  except  that  it  was  not  hauled  away. 

Account  8416.1 — Loading  Platform — ^Foundation. 

This  was  a  low  retaining  wall  of  gravity  section  300  ft.  long,  machine 
mixed,  7  sand  and  gravel  to  I  cement,  transported  in  cars  150  ft.  by 
wagon  350  ft.  and  by  wheelbarrow  70  ft.  One  hundred  per  cent,  of 
its  vertical  surface  was  formed. 
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Account  8416.11 — Loading  natfonn — Floor. 

Thi3  was  a  plain  concrete  floor  mixed  and  handled  as  above,  with  a 
i'in.  finisli  of  2  sand  to  1  cement.  There  were  no  joints  in  the  con- 
crete.    The  finish  was  troweled  smooth. 

Account  8416.2— Loading  Platform — ^Backfill. 

Behind  the  300-ft.  waU— 8416.1  sand  and  gravel  was  backfilled  The 
material  lay  8  to  10  ft.  from  the  wall. 

Account  8416.3  Loading  Platforms-Striking  Plates. 

Two  striking  plates,  one  at  each  castii^  machine  are  placed  so  that 
the  copper  ingots  discharged  from  the  casting  machine  elevator  fall 
directly  upon  them.  They  were  made  by  setting  4  by  4  by  4i-iii. 
wood  blocks  dipped  in  hot  tar  and  placed  on  end  upon  a  concrete  base. 
Over  the  blocks  a  steel  plate  6  ft.  i  in.  by  9  ft.  10  in.  by  \  in.  was 
laid  and  secured  by  16  J  by  2i-in.  bolts,  grasped  by  cast-iron 
fasteners  set  in  concrete  below. 

283  ft.  b.m.  lumber $8.59 

2  steel  plfttca 99.19 

32  cBst-iron  fasteners  and  bolts IS. 91 


Account  8417 — Hoods  and  Smoke  Boxes. 

This  account  covers  all  the  material  of  the  converter  hoods,  smoke 
boxes,  flues  leading  to  converter  dust  chamber,  together  with  the  labored 
erecting  them.  Itlikewise  includesremoving  the  8tack84  ft.  in  diameter, 
making  new  ones  5  ft.  in  diameter  and  erecting  them  together  with  chaafie 
required  to  put  large  doors  in  the  back  of  the  boxes.  The  smoke  boxes, 
of  which  there  are  threej  are  made  of  |-in.  plate,  and  4  by  4  by  } 
angles.  They  are  16  ft.  high  and  about  9  ft.  in  diameter.  The  hoods, 
of  which  there  are  three,  are  made  from  ^-in.  plate  and  4  by  4  by 
f  angles.  They  hang  on  the  front  of  the  smoke  boxes  and  direct  the 
gases  into  the  flues.  The  original  stacks,  of  which  there  were  three 
connecting  the  smoke  boxes  and  the  converter  dust  chamber,  were  4  ft. 
diameter  and  26  ft.  long,  made  of  \\-ln.  plate.  They  were  replaced 
by  similar  ones  5  ft.  in  diameter.     (See  Fig.  92.) 

Account  8417.1 — Hood  to  Protect  Converter  Operator. 

Only  one  of  these  was  made.  Three- sixteenth  inch  plate  was  u.«ed. 
The  dimensions  are  7  ft.  2  in.  by  7  ft.  2  in.  by  7  ft.  8  in.  high,  one 
end  is  open.  The  account  covers  material  used,  fabrication  auif 
erection. 

Account  8418 — Spouts,  Gates  and  Hoppers  at  Silica  Ore  Bins. 

This  account  covers  the  material  cost  of  the  gates  with  operating 
devices,  the  10-in.  pipe  chutes  and  the  labor  of  erecting  same,  together 
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with  the  labor  of  erecting  the  hoppers.  The  hoppers  were  furnished 
by  the  Kansas  City  Structural  Steel  Co.,  and  are  coated  with  the 
building.  The  hoppers  are  situated  below  the  silica  bins,  above  the 
converters  and  by  a  spring  device  and  pointer  indicate  to  an  operator 
on  the  ground  when  they  have  been  filled  to  the  desired  amount.  The 
gates  allow  the  material  to  flow  through  a  10  in.  pipe  chute  directly 
into  each  converter.  These  chutes  can  be  turned  aside  from  the 
converter  mouth  by  a  chain,  wheel  and  gear  so  as  not  to  interfere  when 
out  of  use.     (See  Fig.  93.) 

Account  8419.X— 10-ton  Bullion  Scales— Excavation. 
The  excavation  consisted  of  small  cuts  made  in  sand  and  gravel  with 
pick  and  shovel  and -cast  to  one  side. 

Account  8419.2— 10-ton  Bullion  Scales— Foundations. 

This  concrete  was  cast  plain  in  low  S-in.  thick  walls  about  a  pit  4  ft. 
by  6  ft.  in  plan.  The  mix  was  machine  made,  6  sand  and  gravel  to 
1  cement,  and  transported  a  distance  of  1,900  ft.  in  wagons.  Seventy- 
five  per  cent,  of  the  walla'  vertical  surface  was  formed. 

Account  8419.3 — 10-ton  Bullion  Scales — Cost  and  Erection. 

This  represents  the  cost  of  the  sc&l^  and  the  labor  of  installing  them. 
The  scales  were  pit  pattern,  10-ton  copper  bullion  class,  with  type 
registering  beam  weighing  to  1  lb.  They  came  complete  with  all  neces- 
sary structural  steel  framework  and  cast-iron  platform  plate. 

Account  8419.4 — 10-ton  Bullion  Scales — Scale  House. 

This  is  a  shed  roof  building  without  sides  about  16  ft.  by  20  ft.  The 
roof  is  of  1-in.  sheathing,  covered  with  composition  roofing.  It  was 
painted  2  coats  of  oil  and  lead. 

Account  8426 — Conveyor  No.  16. 
(See  account  7405.) 

Conveyor  No.  15  is  a  20-in.  belt,  making  a  conveyor  165  ft.  long,  run- 
ning perfectly  flat,  operating  at  a  speed  of  300  ft.  per  minute,  capable 
of  handUng  100  tons  per  hour.  It  receives  material  from  conveyor  14 
and  delivers  it  to  the  silica  bins  of  the  conveyor  building  through  an 
automatic  tripper.    The  account  is  s^regated  as  follows: 

Belt 1664.19 

RobinB  Material 1,231.91 

Centrifugal  switch 36.20 

Lumber  (decking,  etc.) 67.06 

Spout  from  No.  14  to  No.  15 31-21 

29  ft.  6  in.  of  5-in.  d.l.  drive  belt 20.82 

7i-h.p.  motor 138.75 

MiBoellaneoua 61 .34 

12,251.47 
(Sw  Fig.  91.) 
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Account  8426.1— Wet  Pan— Ezcavatioit. 

Account  8426.2— Wet  Pan— Foundation. 

This  concrete  was  hand  mixed.  Owing  to  some  conditions  not  satia- 
factorily  ascertained  the  concrete  did  not  set.  This  necessitated  its 
being  put  in  twice.  The  yardage  is  that  of  one  installation  and  the 
cost  two.     The  mix  is  7  to  1. 

Account  8426.3— Wet  Pan— Cost  and  Erection. 
This  mill  was  installed  to  furnish  "mud"  for  the  converters' and 
reverberatories.     The  account  covers  the  material  s^egated  below  and 
the  labor  of  installing  the  same. 

One  S-it.  wet  pan;  siie  of  muUera  36  in.  by  4)-iii.;  pulley  31 

in.  by  lO-in.;  4-»rni  type  friction  dutch $634.34 

One   15-h.p.  motor,  860  r.pja.  squirrel-cage  with  starting 

oompenaator 248.45 

One  18  by  10  solid  hub  oaat-irnn  pulley 15.47 

One  38  by  7  solid  hub  cast-iron  pulley 24.71 

Two2^jby  24-in.  drop  hangers 23.48 

11  ft.  by  2  in.  2  H  shafting,  coUan,  etc 13.10 

30  ft.  6-in.  double  leather  belting 25.39 

35  ft.  &-in.  double  leather  belting 44.42 

Misoelianeous 20.74 

91,050.10 
Account  8426.4 — ^Wet  Pan — Bins  and  Spout. 

This  bin  with  spout  was  made  in  the  smelter  shops,  using  J— in.  steel 
plate.  It  has  a  capacityof  260  cu.  ft.  The  account  covers  the  material 
used,  labor  of  fabrication  and  erection. 

ConTerter  Dust  Chamber 

Account  8421 — ^Excavation. 

This  account  covers  the  making  with  pick  and  shovel  of  small  cut  for 
a  retaining  wall,  and  di^ng  a  number  of  small  pier  holes.  The  mate- 
rial was  red  clay  and  stones,  running  into  sand  and  gravel  which  was 
loaded  into  carts  and  hauled  600  ft. 

Account  8422 — ^Foundation. 
This  concrete  was  cast  as  piers  about  4  ft.  by  4  ft.  by  5  ft.  about  45 
per  cent,  of  whose  vertical  surface  was  formed.  It  was  mixed  in  a 
machine,  in  the  proportions  of  7  sand  and  gravel  to  1  cement, 
transported  by  cars  and  wheelbarrows  200  ft.  The  pier  tops  were 
finished  to  a  perfect  elevation  to  receive  structural  steel  columns. 

Account  8423— Steel  Structure. 

(See  account  7308.2.)  This  structure  contained  228.18  tons  of  struc- 
tural steel  and  10.12  tons  of  Keystone  plate  roofing.     (See  Fig.  94.) 
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Account  8423.01— Wire  BaffleB. . 

(See  account  8132.01,  for  despription.)  This  account  covers  the  coat 
of  the  material  below  and  the  labor  incident  to  its  erection. 

14,365  lb.     No.  10  steel  wire  baffles «70.34 

8,6001b.     ^m.  steel  chains,  2-in.  liolcs 430.91 

Miscellaneous 0.70 

$1,101.95 
(See  Figs.  94  and  95  ) 

Account  8423.1— TUe  Work. 
Thia  is  identical  with  8123.1. 

Account  8423.11— Unloading  Tile. 
This  is  identical  with  8123.11. 

Account  8424 — Iron  Doors  and  Frames. 

This  covers  the  cost  of  the  cast-iron  doors,  etc.,  set  in  the  tile  work  of  the 
converter  dust  chamber.  The  labor  represents  hauling  the  same  to 
the  site.     The  labor  of  settii^  is  included  with  the  tile  work. 

5  caat-iron  peep  doora  and  frames^  doors  4  ft.  6  in.  by  2  ft.  6  in $158.93 

Account  8428— Smoke  Box  Track. 

This  is  a  track  back  of  the  smoke  boxes  for  the  converters.  The  mate- 
rial is  second  hand,  picked  up  from  construction  equipment.  The 
account  is  of  no  value. 


Convejing  System 

Account  8601 — Excavation. 

This  covers  excavation  made  at  various  times  for  piers  and  trenches  for 
walls  to  support  the  conveying  system  structures.  The  ground  was 
mostly  red  clay  and  boulders,  sometimes  sand  and  gravel.  The  exca- 
vatingwasdonewith  pick  and  shovel  and  the  material  cast  to  the  side 
of  the  cuts. 

Account  8602 — Foundation. 

This  account  covers  plain  concrete  cast  in  a  great  many  piers,  and  rein- 
forced concrete  cast  in  a  shape  to  make  two  loi^  tunnels  throi^b  which 
conveyors  11  and  14  rise  from  below  conveyors  10'  and  10*  located  under 
the  bunker  bins.  The  tunnels  are  6  ft.  by  6  ft.  with  12-in.  walls,  rein- 
forced with  J-in.  and  1-in.  rods,  spaced  6  in.  About  80  per  cent,  of 
the  vertical  surfaces  was  formed.  All  concrete  was  machine  mixed  in 
different  proportions  and  transported  variously  to  the  many  different 
situations. 
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Account  8603— Steel  Structure. 

(See  account  7308.2.)  There  were  here  used  30.94  tons  of  corrugated 
iron,  and  180.79  tons  of  structural  steel.  These  structures  are  ele- 
vated steel  conveyor  ways. 

Account  8601— Woodwork. 
This  account  represents  the  labor  and  material  of  flooring  the  steel 
conveyor  ways  for  conveyors  3,  4,  5,  6,  11  and  14.  The  lumber  used 
w^  2  by  12  S1S2E  No.  1  merchantable  Oregon  pine.  On  Xo.  14 
the  2  by  12's  were  rabbeted.  Considerable  cutting  was  done  to  frame 
about  conveyor  steel  frame  supports.  This  cost  includes  also  attacbinfi 
nailing  strips  to  the  steel  work  to  which  the  flooring  was  n^ed.  (See 
Fig.  96.) 

Account  8604.1— Floor  Battens. 

This  account  covers  labor  and  material  incident  to  niuling  battens 
beneath  the  floor  boards  of  conveyors  3,  4,  5,  6  and  II.  The  lumber 
here  used  was  not  rabbeted. 

Account  8606— Conveyors  No.  3,  4,  6,  6, 11  and  14. 

(See account 7405.)  ConveyorNo.  3  hasa20-in.  belt,  making aconveyor 
182  ft.  5i  in,  long,  rising  46  ft.,  operating  at  a  speed  of  250  ft.  per 
minute,  with  a  capacity  of  150  tons  per  hour.  It  conveys  concentrates 
from  No.  2  belt  into  the  sampling  mill. 

Conveyor  No.  4  has  a  20-in.  belt,  making  a  conveyor  220  ft.  9  in.  long, 
rising  64  ft.,  operating  at  a  speed  of  250  ft.  per  minute,  having  a  capacity 
of  100  tons  per  hour.  It  takes  crushed  ore  from  the  crushing  plant  to 
the  top  of  the  sampling  mill. 

Conveyor  No.  5  has  a  20-in.  belt,  making  a  conveyor  127  ft.  long,  having 
s  rise  of  26  ft.  4  in.,  operating  at  a  speed  of  250  ft.  per  minute,  witba 
capacity  of  150  tons  per  hour.  It  carries  the  fines  from  the  sample  mill 
on  their  way  to  the  beds. 

Conveyor  No.  6  has  a  20'in.  belt,  making  a  conveyor  113  ft.  8  in.  long, 
having  a  rise  of  25  ft.  6  in.,  operating  at  a  speed  of  250  ft.  permisute 
with  a  capacity  of  100  tons  of  ore  per  hour.  It  carries  material  from 
the  sample  mill  on  its  way  to  the  bunker  bins. 

Conveyor  No.  11  has  a  20-in.  belt,  makit^  a  conveyor  369  ft.  8|  in- 
long,  having  an  87 -ft.  rise,  operating  at  a  speed  of  300  ft.  per  minute 
with  a  capacity  of  100  tons  per  hour.  It  conveys  the  product  from 
conveyor  10'  to  conveyor  1 2  at  the  Roasters. 

Conveyor  No.  14  has  a  20-in.  belt,  making  a  conveyor  271  ft.  5  in.  long- 
having  a  71-ft.  rise,  operating  at  a  speed  of  300  ft.  per  minute  with  a 
capacity  of  100  tons  per  hour.     It  takes  ore  from  conveyor  10'  benesth 
the  bins  to  conveyor  15. 
The  material  for  these  conveyors  somewhat  segregated  is  as  follows: 
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Factory      Freight  Clifton 

Belt $5,351.03    »365.88  »5,n6.91 

Robins  material 4,290.86      530.49  4,821.35 

Extra  pulley 38.00 

4  centrifugaJ  switches 136.00          8.81  144,81 

One  10, one  15, &nd  fout-ZO-h.p.  motors 1,309.68 

5  overload  releaBCs 65.00           6.25  71.25 

Miscellaneous,  decking,  etc 403.62 


Account  8606.1--Chute8. 

Thia  cost  is  of  no  value. 

Account  8606.2— Guides. 

The  belts  in  the  conveying  system  could  Dot  be  made  to  run  true  on  the 
troitghing  idlers.  To  overcome  their  riding  out  of  position  long  boards 
were  fixed  at  the  sides  of  the  belts  to  guide  and  keep  them  in  position. 
These  boards  were  picked  up  about  tBe  plant  and  the  cost  represents 
only  the  labor  of  installing  them. 

Account  8606.3— Weightometer. 

This  account  covers  the  cost  and  labor  of  installing  a  Merrick  weight- 
ometer on  conveyor  11,  The  weightometer  is  installed  on  a  20-in. 
inclined  conveyor  belt  with  a  speed  of  300  ft.  per  minute,  whose  angle 
of  inclination  is  13  degrees  28  minutes  and  whose  troughing  idlers  are 
4  ft.  on  center  lines.  The  belt  has  a  normal  capacity  of  100  tons  per 
hour. 

Account  8606— Lighting. 

This  represents  installing  the  following  lights: 

33  drops 
1,285  ft.,  No.  12  weatherproof  wire 
120  ft.  of  conduit 

Cltinmey 

Account  8601 — Excavation. 

This  was  a  deep  hexagonal  cut  made  throi^h  clay,  caliche  and  well 
into  sand  and  gravel  containing  big  boulders.  The  material  was 
loosened  with  picks,  slipped  out  with  fresnos,  dumped  through  a  trap 
into  carts  and  hauled  2,700  ft. 

Account  8602 — Foundation. 

This  was  a  very  large  block  of  concrete  cast  in  a  hexagonal  shape  20 
ft.  deep  and  50  ft.  inside  least  diameter.  In  the  bottom  of  the  block 
3  layers  of  1-in.  rods  laid  1  ft.  on  centers  were  placed.  The  mixture 
was  machine  nmde,  S  parts  sand  and  gravel  to  1  cement,  using  lots 
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of  lai^e  rock.  About  40  per  cent,  of  the  vertical  surface  was  formed. 
The  concrete  was  transported  in  cars  100  ft. 

Account  8603 — Brickwork. 

The  stack  was  contracted  erected  by  the  Alphons  Custodis  Chimney 
Construction  Co.  It  is  300  ft.  high,  26  ft.  8  in.  inside  diameter  at  the 
base 'and  22  ft.  at  the  top.  The  average  thickness  of  the  walls  is 
about  24)  in.  Every  25  ft.  inside  the  stack  is  corbelled  out  to  hold 
the  lining  of  radial  perforated  fire  brick,  laid  in  acid-proof  mortar. 
The  base  of  the  stack  is  of  red  brick  and  the  rouud  portion  is  of  per- 
forated radial  blocks.  The  outside  upper  75  ft.  of  the  stack  were 
pointed  with  acid-proof  mortar.    There  was  used  in  the  construction: 

138,000  lb.  lime  662  tou  wire  cut  bndk 

200  lb.  oement  S6  toas  wedge  bride 

1,638  tons  radial  brick  100  bbl.  add^roof  mortar 

The  cost  here  given  includes  constant  inspection  by  the  Arisooa  Copper 
Co.  organization.     (See  Fig.  97.) 

Reverberatory  Flue 

Account  8611 — Excavation. 

This  covers  the  excavating  of  some  long  deep  trenches  for  footings  and 
a  large  amount  of  back  filling.  It  was  done  in  red  clay  and  gravc-1 
with  picks  and  shovels.  The  back  filling  was  wheeled  25  ft.  to  place 
and  tamped  in  &-in.  layers. 

Account  8612 — Foundation. 

This  concrete  was  cast  in  2  long  reinforced  concrete  cantilever  type 
retaining  walls.  The  walls  were  12  in.  at  the  top,  14  in.  at  bottom, 
and  5  ft.  high.  One-half-inch  and  f-in.  rods,  spaced  6  in.  centers,  were 
used.  The  mixture  was  machine  mixed  in  the  proportion  of  5  sand  and 
gravel  to  1  cement,  transported  in  wagons,  wheelbarrows  and  concrete 
carts  250  ft.  to  place.  Ninety-five  per  cent,  of  the  vertical  surface  of 
the  concrete  was  formed. 

Accotmt  8613 — ^Brickwork. 

This  account  is  similar  to  others  of  the  same  nature,  including  cost 

of  tile,  mortar,  scaffolds,  and  the  labor  of  mwona,  their  helpers,  and 

carpenters.     (See  Figs.  98  and  100.) 
Account  8613.01— Unloading  Brick. 

This  covers  the  cost  of  preparing  site,  unloading  tile,  and  the  checking 

of  same. 
Account  8614— Steel  Structure. 

(See  account  7308.2.)    There  were  32  tons  of  structural  steel  used  here 

and  9.61  tons  of  Keystone  plate  roofing.     (See  Fig.  99.) 
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Account  86141— Clean  Oat  Doors. 

This  covers  the  cost  of  labor  of  altering  and  material  in  the  clean  out 
doors  and  frames  for  this  flue 

18  cast-iroa  frames  and  st«el  plate  doors,  A  in.  by  16i  in.  by  2  ft.  2J 
in 1128, 27 

^in,  sheet  steel  and  miacellaneoua 26.34 

SI53.61 
Account  8614.2— Caulking  Roof. 

This  account  covers  the  labor  and  material  of  making  as  nearly  air- 
tight as  was  possible  the  roof  to  this  flue.  Asbestos  wicking  was 
caulked  into  all  the  bad  joints. 

ConT«rt«r  Flue 

Account  8621 — Ezcavatioa. 
This  was  a  small  amount  of  excavation  for  a  number  of  piers  through 
red  clay  with  boulders  and  sand  and  gravel.    It  was  done  with  pick 
and  shovel,  the  dirt  being  cast  to  the  sides  of  the  holes. 

Account  8622 — Foundation. 

These  foundations  were  14  plain  concrete  piers  about  4  ft.  6  in.  by 
4  ft.  6  in.  by  5  ft.  The  concrete  was  machine  mbced,  about  7  parts  sand 
and  gravel  to  1  cement,  and  transported  200  ft.  in  wheelbarrows  and 
concrete  carts  to  place.  Seventy-five  per  cent,  of  the  vertical  surfaces 
was  formed. 

Account  8624— Steel  Structure. 

(See  account  7308.2.)  81.99  tons  of  structural  steel  were  used  here. 
(See  Fig.  101.) 

Romater  Dust  Chamber  Fine 

Account  8626 — Excavation. 

This  excavation  covers  the  cuts  for  a  number  of  piers  through  red  clay 
contuning  boulders,  made  with  pick  and  shovel  and  thrown  to  one  side 
of  the  excavation. 

Account  8627 — ^Foundation. 

This  concrete  was  cast  in  12  piers  about  4  ft.  6  in.  by  4  ft.  6  in.  by  5  ft. 
It  was  plain  concrete,  machine  mixed  in  proportions  of  7  sand  and  gravel 
to  1  cement,  and  was  transported  to  place  200  ft.  in  cement  cars  and 
wheelbarrows.  Seventy-five  per  cent,  of  the  vertical  surface  was 
formed. 

Account  8628— Brickwork. 

This  is  the  same  as  8123.10.     (See  Figs.  99,  100,  102,  and  104.) 
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Account  8628.01~Uiiloadiiig  Tile. 
Thk  is  the  same  as  8123.11. 

Account  8629— Steel  Structure. 
There  were  85.21  tone  of  structural  steel  used  here  aad  9.25  tons  of 
Keyatone  plate  roofing.     The  flue  is  6  ft.  6  in.  by  12  ft.  in  cross  sec- 
tion and  connects  the  roaster  dust  chamber  with  the  stacks.     (See 
Fig.  102.) 

Boil«r  and  BUckomith  Shop 

Accoiut  8701 — ^Bzcavation. 

This  excavation  involved  making  a  6-ft.  slice  to  get  the  proper  grade 
for  the  building  site,  together  with  piers  and  small  wall  excavatjon. 
It  was  plowed  and  slipped  away  in  fresnos  400  ft. 

Account  8702 — Foundations. 

These  foundations  were  the  small  walla  and  piers  for  the  brick  and  steel 
column  supports.  The  concrete  was  plain,  hand-mixed  in  the  propor- 
tions of  6  sand  and  gravel  to  1  cement,  and  handled  100  ft.  in  wheel- 
barrows to  the  forms.  Fifty  per  cent,  of  the  vertical  surface  was  formed. 
This  was  the  first  concrete  cast  at  the  amelter. 

Account  8703 — Steel  Structure. 

There  were  32.72  tons  of  structural  steel  used  in  the  framework  of  the 
building.     (See  Fig.  105.) 

Account  8703.1 — ^Doors,  Windows  and  Frames. 

This  account  covers  the  purchase  price  of  all  doors,  windows,  their 
frames,  lintels  and  glass.  It  also  covers  the  labor  of  installing  the 
steel  lintels  which  run  from  building  column  to  building  column;  the 
erection  of  the  steel  door  and  window  frames;  the  erection  of  the 
steel  sash  and  doors;  and  the  glazii^  of  these  doors  and  windows. 
After  the  lintels  had  been  framed  in,  the  tile  work  brought  up  to  sill 
base  and  the  sill  set,  the  frames  were  put  in  place,  bolted  to  the  lintels 
and  tied  by  roda  back  to  the  building  columns.  When  the  frames  had 
been  entirely  bricked  in,  the  steel  sash'  were  bolted  in  place  and  later 
glazed.     A  segregated  material  list  is  as  follows: 

Thirteen  11  ft.  7  in.  by  li  ft.  i  in.  steel  sash  631^ht«,2mulliona,with  3to6 

light  ventilators,  not  glased. 
One  10  ft.  3  in.  by  12  ft.  ]  in.  steel  sash  56  lighta,  1  mullion,  no  ventilatora 

not  glazed. 
Two  10  ft.  3  in.  by  12  ft.  I  in.  ste«l  stub,  48  lights,  1  mullion,  no  ventilators, 

not  glazed. 
One  4  ft.  by  9  ft.  steel  sliding  door,  with  six  14  in.  by  20  in.  lights,  not  glaKd. 

lower  panels  steel  plate. 
One  8  ft.  by  9  ft.  steel  sliding  door,  with  eighteen  14  in.  by  20  in.  lights,  not 

glazed,  lower  panels  steel  plate. 
One  14  ft.  by  20  ft.Kinner  steel  rolling  door. 


.coy  Google 


UNIT   CONSTHUCnON    COSTS  1605 

Ooe  10  ft.  by  10  ft.  Kinner  steel  rolling  door. 
Eleven  14-ft.  10-in.  lintels  built  up  of  8-in.  chsDDels. 
Two  13-ft.  4rin.  liotela  built  up  of  S-in.  channek. 
Two  11-ft.  6-in.  lintels  built  up  of  8-iii.  channels. 
One  10-ft.  4-in.  lintela  built  up  of  S-in  cbawiela. 
One  11-Ct.  6-in.  lintcla  built  up  of  8-in.  channels. 
850  lighta  U  in,  by  20  in.,  i  in.  factory  ribbed  glass, 
IM  lights  13i  in.  by  191  in.  factory  ribbed  glass. 
82  lights  14  in.  by  191  in.  factory  ribbed  glass. 
44  lighta  13i  in.  by  20  in.  factory  ribbed  glass. 

Steel  windowsand  door  frames  forabovema<le  of  two  3)  by  2)  by  )  angles. 
(See  Fig.  106.) 
Account  8703.11— Concrete  Sills. 

This  account  covers  the  labor  and  material  used  to  make  the  following 
list  of  concrete  sills.  The  sills  were  made  3  parts  sand  and  gravel 
to  1  cement,  cast  in  collapsible  moulds  and  later  finished.  Three 
J-in.  rods  are  used  in  each  sill. 


11  Bills,  81  in 

.  by  10  in 

.,  14  ft.  10  in.  long. 

Isill,   81  in 

.  by  10  in 

,.,  lift.    Sin.  long. 

1  sill,   81  in 

.  by  10  in 

.,    8  ft.    6  in.  long. 

2  silb,  81  in 

.  by  10  in 

.,  12  ft.    2  in.  long. 

(See  Fig.  21.) 

Account  8703.2— TUe  Walls. 
This  cost  includes  the  cost  of  tile,  mortar  and  scaffolds,  together  with 
the  mason  and  carpenter  labor  used  to  build  the  walls.  The  walls 
were  non-bearing  8  in.  thick,  built  of  hollow  tile,  laid  in  between  the 
steel  building  columns.  The  mortar  used  was  1  cement,  1  lime  and 
1  sand. 

Account  8703.21— Unloading  Tile. 

This  covers  the  cost  of  preparing  site,  unloading,  and  checking  quantity 
of  tile. 

Account  8703.22— Coping. 

This  covers  the  cost  of  labor  and  material  incident  to  coping  the  walls 
at  the  top,  beneath  the  roof.  A  two  by  four  was  bolted  to  the  top 
course  of  tile  and  another  to  the  underside  of  the  roof.  These  were 
lathed  across  with  metal  lath  and  plastered  with  cement  mortar.  (See 
Fig.  17.) 

Account  8703.30— Roof . 

This  account  covers  the  cost  of  the  material  and  labor  incident  to 
roo^g  the  boiler  and  blacksmith  shop.  Oregon  pine  sheathing,  2  by 
8,  surfaced,  tongued  and  grooved,  was  nailed  to  strips  bolted  to  the  pur- 
lins.    Over  this  3-pIy  asbestos  roofing  paper  was  laid.     (See  Fig.  17.) 

Account  8703.31- Ventilators. 

This  covers  the  cost  of  labor  and  material  incident  to  installing  three  48- 
in.  Burt  ventilators  on  the  peak  of  the  boiler  and  blacksmith  shop  roof. 
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The  ventilators  were  skidded  up  onto  the  roof  with  hand  tackle  along 
a  runway,  bolted  to  the  purlins  and  flashed.     (See  Fig.  18.) 

Account  8703.4— Dirt  Floor. 

This  account  covers  the  labor  incident  to  bringing  the  dirt  floor  of  this 
building  to  the  required  grade.  The  dirt  was  wheeled  in  and  tamped  in 
3-in.  layers. 

Account  8703.&~Beiiches. 

This  account  covers  the  labor  and  material  of  makii^  from  time  to 
time  benches,  racks  and  the  like  used  in  this  shop. 

Account  8703.6— Painting. 

This  covers  the  cost  of  painting  all  the  steel  sash  one  coat  of  "turkey 
red."  and  the  woodwork,  namely,  the  under  side  of  the  roof  two  coats 
of  white  lead  and  linseed  oil,  cream  color. 

Account  8704— Crane. 

This  covers  the  purchase  of  the  crane  listed  below,  the  labor  of  over- 
hauling and  erecting  it. 

One  3-toii  huid  power  traveling  crane,  chain  block  transfer  type  IS-ft. 
span,  complete  with  roller  bushed  geared  trolley  and  provided  with  3-ton 
triplex  chain  block  for  13  ft.  lift $378  35 

MiHcelt&neouB 60.06 

S438  41 

Account  8706 — Tools. 
This  account  covers  the  purchase  price  of  the  tools  enumerated  below 
and  the  labor  required  to  install  them. 

Factory    Freight  Clifton 

1  No.  2  punch  uid  shear,  HilleB  &  Jonee Sl,530.00  S435.00     $1,965.00 

1  No.  0  bending  rolla 580.00      75.00  655-00 

One  1,100-Ib.  steam  hammer,  Niles-Bement-Pond  Co. 

1  blower,  site  5,  type  D,  American  Blower  Co.. .    1,015.00    40S.00       1,423  00 
One  5-h.p.  440-volt,  3-phase,  60-cycle  l,720r.p.in. 

motor 160.00      19.90 

1  No.  5  swage  block 

1  Peter  Wright  anvil,  weight  497  lb 

10  in.  galv.  iron  pipe  and  oonnectiona 

3  sheets  steel,  i  in.  by  48  in.  by  120  in 

One  2-in.  heading,  upsetting  and  forging  machine. 

Acme  Machinery  Co.. 2,790.00    440.70 

1  sisco  anvil,  407  lb 

1  Hay  Budden  anvil,  420  lb 

40  ft.  of  6-in.  I-beam 

Castings 

Miscellaneous 

«7,S59.36 
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Account  8706~Shaftiiig,  Pull^s,  Belting. 

This  account  covers  the  purchase  price  of  the  list  of  material  below  and 
the  labor  of  installing  the  same,  and  the  necessary  wooden  bridge  trees. 

33  ft.  of  2-/ria.  and  18  ft.  of  2H-m.  Bhafting. 

5  pulleys,  Tarying  from  26  in.  to  52  in.  with  bearings  and  hangers. 
1  length  of  8-in.  double  leather  belt,  104  ft.  long. 
1  length  of  6-ui.  double  leather  belt,  140  ft.  long. 

(See  Fig.19.) 

Account  8707 — Motor. 

This  account  covers  the  purchase  price  of  the  material  below  and  the 
labor  of  installing  it.  This  motor  furnished  the  power  for  the  boiler 
and  blacksmith  shops. 

One  20-h.p.  440-volt,  3-phase,  60-cycle,  860-r.p.m.  motor. 

Account  8708~~Lightiiig. 

This  accoimt  covers  the  cost  of  the  material  below  and  the  labor  of 
its  installation. 

14  carbon  lamps,  16  c.p.  260  ft.  brewery  cord 

3  tungstens,  2E0  watt  300  ft.  No.  12  wire 

100  ft.  conduit. 

Hachinfl  and  Cirpenter  Shop 
Account  8716— Excavation. 

Same  ss  account  8701. 

Account  8716 — ^Foundation. 

Same  as  account  8702. 

Account  8717— Steel  Structure. 

This  building  is  the  same  aa  S703  account.  There  were  used  here 
38.23  tons  of  structural  steel.     (See  Fig.  105.) 

Account  8717.1 — Doors,  Windows  and  Frames. 

This  account  is  the  same  as  8703.10,  with  thefottowinglist  of  material: 

Thirteen  11  ft.  7  in.  by  12  ft.  i  in.  steel  saah,  63  lights,  2  muUions,  with  3  to 

6  light  ventilators,  unglased. 
Two  10  ft.  3  in.  by  12  ft.  }  in.  ateel  sash,  66  lights,  1  mullion,  no  ventilators, 

Two  10  ft.  3  in.  by  12  ft.  }  in.  at«el  sash,  48  lights,  1  mullion,  no  ventilators, 

unglased. 
Two  4  ft.  by  9  ft.  ateel  sliding  doors,  with  six  14  in.  by  20  in.  lights,  unglaied, 

lower  panels  steel. 
One  lift,  by  12  ft.  ateel  sliding  door,  with  forty  14in. by  20in. lights,  unglaxed, 

lower  panels  steel. 
Two  14  ft.  by  20  ft.  Khmer  steel  rolling  doors. 
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Fourteen  14-tt.  10-in.  lintele,  made  of  8-in.  channels. 

Six  ll-ft.  6-in.  linteU,  made  o(  S-is.  chanaela. 

Seven  hundred  forty  14  in.  by  20  in.,  j  in.  thick  factory  ribbed  gl&as  window  p&Df». 

One  hundred  sixty-four  13t  in.  by  191  in->  i  i&-  thick  factory  ribbed  glass 

window  panes. 
Eighty-two  14  in.  by  191  in.,  {  in.  thick  factory  ribbed  glasa  window  panes. 
Twenty  15  in.  by  20  in.,  i  in.  thick  factory  ribbed  glass  window  panes. 

Steel  window  and  door  frames  for  the  above  list.     (See  Fig.  106.) 

Account  8717.11— Concrete  Sills. 

Same  as  account  8703.11,  but  the  following  product: 

lliirteen  S)  in.  by  10  in.,  14  ft.  long  sills. 

Two  81  in.  by  10  in,,  U  ft.  6  in.  long  ailb. 

Two  81  in.  by  10  in.,    6  ft.  6  in.  long  sills. 
(See  Fig.  21.) 

Account  8717.20— TUe  Walls. 
Same  as  account  8703.20. 

Account  8717.21— Unloading  TUe. 
Same  as  account  8703.21. 

Account  8717.22— Wall  Coping. 

Same  as  account  8703.22. 

Account  8717.30— Roof. 

Same  as  account  8703.30.  This  roof  cont^ns  77.21  squares,  equal  to 
14,543  b.m.  2  by  8  lumber. 

Account  8717.31— Ventilators. 

Same  as  account  8703.31.     Three  48-in.  Biirt  ventilators  used  here. 

Account  8717.40— Floor. 

This  account  covers  the  cost  of  the  material  and  labor  required  to  lav 
this  floor.  Six  inch  by  eight  inch  strir^ers  were  laid  2  ft.  6  in.  on 
centers  with  earth  tamped  in  between  them.  On  the  stringers  No.  3 
grade,  3  in.  by  12  In.  white  cedar  plankii^  of  various  lengths  was 
spiked  down.     (See  Fig.  24.) 

Account  8717.50 — Benches. 
Same  as  account  8703.50. 

Account  8717.60 — Painting. 
Same  as  account  8703.60. 

Account  8718— <;rane. 

This  is  the  same  as  account  8704,  with  the  exception  that  the  crane  hCTC 
used  is  of  5  ton  capacity. 
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Account.  8719 — Tools. 
This  account  covers  the  purchase  price  of  all  the  material  listed  below 
and  the  labor  cost  of  installing  it: 


Factory      Freight 

1  Prentisa  machine  bench  vise,  No.  2 

1  machine  bench  vise,  No.  21 

1  machine  bench  viae,  No.  22 

1  machine  pipe  vise.  No.  2A 

1  machine  pipe  vise,  No.  4A 

1  stationary  bench  vise,  No.  66 

40  ft.  of    li-in.   pipe 

1  No.  48  power  grindstone 

2  emery  wheels 

1  emery  wheel  grinder 

1  No.  40  apecial  turning  machine 

1  Bet  faces  for  wiring  machine 

1  gauge 

1  bun  machine  and  stand 

1  No,  17  S.  P.  crimper  and  stand 

1   No.  3  beading  machine 

1  No.  0236  squaring  shears 

1  stake-holder  and  stakes 

1  rivet  set 

1   No.  101  tinner's  rule 

1  power  hack  aaw  No.  3 

1  radial  drill  press,  42  in 

Miscellaneous 

1  50-in.  cornice  brake 

1  16-in.  rip  saw 

Casting 

1  No.  1  drill  chuck 

1  No.  2i  drill  chuck 

72  hack  saw  blades 

I  surfacer,  20  in.  by  6  in $180.00    »26.70 

1  No.  50 hand  saw 175.00      27,45 

1  lathe,  14  in.  by  8  ft 563,76      81.40 

1  lathe,   McCabe      patented     double     2,111.00    277.15 

spindle. 

1  Crescent  saw  tabic 168.75      51.34 

One  20-in.  Rotiford  shaper 425.00     175,07 

One  2-in.  bolt  cutter 355.00      47-10 

1  Crane  pipe  machine  2  in 192.00       16.56 

1  Crane  pipe  machine  4  in 480.00      44.10 

1  Crane  pipe  machine  12  in 1,500.00     163.50 

Small  tools,  miscellaneous  equipment     


Clifton 
S20.15 
20.16 


7.77 

20.72 

2.97 

56.62 

8.90 

17.00 

36.22 

5.56 

2.36 

9.92 

10.77 

26. 7S 

180.86 

42.15 

2.65 

2.73 

29,63 

752.20 

21,92 

166,96 

4.30 

10-10 

5-61 

7.02 

6,55 

206.70 

202,45 

645.15 

2,388.15 

220  09 
600.07 
402.10 
208.66 
524 . 10 
1,663.59 


Account  8720— Shafting,  Pulleys  and  Belting. 

Thb  account  covers  the  purchase  price  ot  the  material  below  and  its 
cost  of  installation: 
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1  pc.  30  ft.,  2  H  >n.  diameter  shafting. 
1  pc.  60  ft.,  2  H  Id.  diameter  ahafting. 
1  pc.  IS  ft.,  2  H  in.  diameter  shafting. 
1  po.  IS  ft.,  2  A  in.  diameter  shafting. 
1  pc.  22  ft.,  2  A  in.  diameter  shafting. 
1  pc.  10  ft.,  2  A  in.  diameter  shafting. 
1  po.    4  ft.,  2  A  in.  diameter  shafting. 

Many  pulleys  ranging  from  10  in.  to  68  in.  diameter,  with  necessao' 
iiangers,  collars,  boxes,  etc.     (See  Fig.  19.) 

Account  8721— Motor. 
This  account  covers  the  purchase  price  and  cost  of  installing  the  follow- 
ii^  motor. 

One  40-h.p.,  440-volt,  3-phase,  60-cycle,  850-r.p.m.  motor. 
(See  Fig.  20.) 

Account  8723— Luting. 

This  covers  the  cost  of  the  following  material  and  the  labor  (rf 
installing  it. 

1?  carbon  lamps  16  c.p. 

3  timgstens  250  watt 

240  ft.  brewery  cord 
100  ft.  conduit 

360  ft.  No.  12  weatherproof  wire. 
(See  Fig.  23.) 

General  Office 

Account  8804 — ^Furniture  and  Fixtures. 

This  account  covers  the  furniture  and  fixtures  purchased  for  the  smelter 

office,  which  to  date  has  not  been  built.     The  furniture  is  in  use  in  the 

temporary  offices. 

Warsbouse 
Account  8810— Excavation. 

This  was  the  same  as  8701. 

Account  8811 — Foundation. 

This  was  the  same  as  8702,  save  tliat  the  walls  were  higher. 

Account  8812— Steel  Structure. 
This  building  is  the  same  type  as  the  boiler  and  machine  shops,  save 
a  corrugated  iron  roof  was  u?ed  in  place  of  a  wood  and  paper  covering- 
There  were  26.5  tons  of  structural  steel  used  and  13.26  tons  of  am- 
gated  iron.     (See  Fig.  26.) 

Account  8812.1— Doors,  Windows  and  Frames. 
The  doors  for  the  warehouse  were  similar  to  the  boiler  and  maciiine 
shops.    The  hntels  over  the  windows  and  doors  were  the  same  as  in 
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the  shops.  The  small  doors,  all  windows  and  frames  were  wood.  This 
account  covers  the  cost  of  the  door  and  window  material  luted  below 
and  the  labor  of  installing  the  same. 

SL  windows,  3  ft.  fti  in.  by  7  ft.  8l  in.  by  It  in.    These  vera 

grouped  16  in  triple  frames,  all  glaied S305 .  69 

16  wood  frames  for  48  of  above  windows 170.32 

Liunber  for  3  window  frames,  all  door  frames  and  all  hardware, ...  83.78 

1  O.  G.  1  light  glazed  door,  3  ft.  6  in.  by  7  ft.  1  3/8  in 7.91 

Two  9  ft.  10  in.  by  7  ft.  6J  in.  Kinner  rolling  doors 157.30 

Steel  lintels 331.01 

(See  Fig.  27.)  

$1,066.31 
Account  8812,11— Concrete  Sills. 
See  account  8703.11.    Sills  were  made  here  for  frames  of  account 
8812.10.     (See  Fig.  22.) 

Accotmt  8812.2— Tile  Walls.     . 
Same  aa  for  account  8703.11. 

Account  8812.21— Unloading  Tile. 
Same  as  for  account  8703.21.     (See  Fig.  26.) 

Account  8812.22— Coping. 

Same  as  for  account  8703 .  22.     (See  Fig.  28.) 

Account  8812.3 — Painting  Roof. 

This  covers  the  labor  and  material  of  painting  underside  of  corru- 
gated iron  roof  2  coats  of  lead  and  linseed  oil,  cream  color. 

Account  8812.31— Ventilators. 

Same  as  for  account  8703.31,  These  three  ventilators  were  48  in, 
diameter  with  round  base,     (See  Fig,  25.) 

Account  8812.40 — Floor  Excavation. 

This  entailed  cutting  down  the  front  in  the  warehouse  6  to  8  in,  and 
backfilling  in  places. 

Account  8812,41— Floor  Concrete. 

This  concrete  floor  was  cast  in  large  6  ft.  to  8  ft,  blocks,  4  in,  thick, 
with  sand  joints  between  blocks.  The  concrete  was  hand  mixed  in 
the  proportions  of  6  sand  and  gravel  to  1  cement.  It  was  transported 
in  wheelbarrows  100  ft.  The  top  finish,  |  in.  thick,  was  2  sand 
to  1  cement.     This  top  was  troweled  smooth. 

Account  8812.50— Lighting. 

This  account  covers  the  cost  of  the  following  material  and  the  labor 
of  installation. 


26  carbon  lamps,  16  c.p.  365  ft.  brewery  cord 

170  ft.  No.  12  weatherproof  wire. 
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Account  8813— Fixtures. 

This  account  covera  the  purchase  price  of  the  steel  bins,  shejviog, 
counter  scales,  office  partition  and  furniture,  as  listed  below;  also  Ihe 
erection  cost. 

Id7  ft.  Bergera  sectional  ateel  bins  and  shelving.    Sec  sketch,  liDeal 
feet  refers  to  haJf  of  bine  ehown  by  sectional  elevation.     Bins 

received  knocked  down,  gauge  of  material  16  to  20 $1,116  S2 

1   No.  1046    dormant    warehouae    scales,    weighing    5,000    lb. 

to  i  lb 141 .42 

Furniture,  material  for  office  partition,  etc 282.88 

{See  Fig.  30.)  »1,541.12 

Account  8813.10 — Painting;. 

This  account  covers  the  cost  of  material  and  labor  of  a  lot  of  miscel- 
laneous painting  at  the  warehouse.  The  steel  doors  were  given  one 
coat  of  turkey  red.  The  iron  lintels  were  given  one  coat  of  lamp 
black  in  linseed  oil.     The  counter  was  stained  and  oiled. 

Account  8813.11— Painting  Sash. 

This  account  covers  the  cost  of  material  and  labor  used  to  paint  all 

the  warehouse  sash.     They  were  given  two  coats  of  white  lead  and 

linseed  oil,  cream  color. 

Laborator7 
Account  8820 — ^Excavation. 

This  covera  the  excavating  for  the  laboratory  walls  and  basement  in 

red  clay  with  boulders  and  gravel.     It  was  done  with  pick  and  shovel. 

and  wheeled  75  ft.  in  barrows.     Some  back&Uii^  for  the  floors  in  3-in. 

layers  is  also  here  included. 

Account  8821— Foundation. 
This  covers  the  concrete  building  walla  which  were  machine  mixed, 
in  the  proportions  8  sand  and  gravel  to  I  cement.     The  concrete  was 
handled  in  wagons  250  yd.    The  walla  were  12  in.  at  top  to  18  ia 
at  bottom.     One  hundred  per  cent,  of  the  vertical  surface  was  formed. 

Account  8821.1— Plain  Concrete  Floors. 

These  floors  were  mixed,  5  sand  and  gravel  to  1  cement,  in  a  machine, 
transported  1,000  ft.  in  wagon  and  laid  4  in.  thick  with  a  smooth  finish. 
Sand  joints  were  used.  The  top  finish  was  J  in.  thick,  2  parts 
sand  to  cement,  and  was  troweled  smooth. 

Account  8821.2— Reinforced  Floors. 

These  floors  were  formed,  two  way  reinforced  with  J-in.  and  j^n. 
rods.    In  other  respects  they  were  the  same  aa  8812.1. 
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Accotint  8821.3— Sills  and  Lintels. 

The  sills  and  lintels  used  at  the  laboratory  were  separately  moulded 
reinforced  concrete.  The  concrete  was  made  3  parts  sand  and  gravel 
to  1  cement.  Three  S-in.  rods  ran  the  entire  length  of  both  sills  and 
lintels.  The  lintels  were  8  in.  by  8  in.  by  5  ft.  The  sills  were  4  J  in. 
by  9  in.  by  4  ft.  1  in.     (See  Fig.  34.) 

Accouat  8823— Tile  Walls. 
This  account  covers  the  tile,  mortar,  scaffolds,  mason  labor,  carpenter 
labor,  and  hauling  incident  to  building  the  tile  walls  of  the  laboratory. 

Account  8822.2— CAipenter  Work. 

This  account  covers  the  material  and  carpenter  labor  incident  to 
the  installation  of  the  partitions,  ceilings,  and  roof  structure.  (See 
Fig.  31.) 

Account  8822.6 — Doors,  Windows  and  Frames. 
Thb  account  covers  the  cost  of  the  following  material  aad  the  labor 
of  installing  the  same,  together  with  the  necessary  frames. 

16  wiDdows6ft.  Sin.  bySft.  li  in.  by  If  in.  glazed. 
5  sash  with  four,  12  in.  by  24  in.  lights,  glased. 
1  sky  light  6  ft.  3]V  in.  by   6  ft.  9i  in.  with  36,   12  in.  by   14    in.  double 

strength  glaaa 
1  sky  light  6  ft.   3iV  in.  by  4  ft.  6i  in.  with  24,  12  in.  by    14  in.   double 

strength  glsM. 
1  sky  light  4  ft.  1}  in.  by  4  ft.  6i  in.  with  sixteen  12  in.  by  14  in.  double 

strength  glass. 
4  doors  2  ft.  8  in.  by  6  ft.  8  in.  by  ll  in.,  glazed. 
4  doors  2  ft.  8  in.  by  6  ft.  8  in.  by  ll  in.  glazed. 

(See  Figs.  32  and  33.) 

Account  8824— Wood  Fixtures. 
The  account  covers  the  cost  of  the  laboratory  hoods,  stacks,  benches, 
cabinets  and  the  like. 

Account  882S— L^hting. 
This  account  covers  the  wirii^  in  the  laboratory  for  lights,  hot  plates, 
furnaces,  etc. 

Account  8826 — Plumbing. 

This  account  covers  the  purchase  price  of  the  material  below  and  the 
labor  of  installing  it. 

1  flush  closet  1  distilling  apparatus 

2  sinks  and  drains  1  wat«r  tap 

Piping,  flttings,  lead,  etc. 


.coy  Google 


1614  DNIT  CONSTBUCTION  COBT8 

Account  8828-^Pamttng. 

This  covers  the  cost  of  the  material  and  labor  incident  to  painting  at 
the  laboratory.     It  is  of  no  value  for  unit  costs. 

Account  8829— Plastering. 
This  covers  the  cost  of  plastering  material,  scaffolds  plasterers  and 
carpenter  labor  used  in  plastering  the  inside  tile  walls  of  the  laboratory'. 
The  plastering  was  contracted  at  18  cents  a  square  yard,  while  the 
company  furnished  all  material  and  carpenter  labor. 

Account  8830 — Apparatus. 

This  account  covers  the  purchase  price  of  the  material  s^^^ated  below, 
and  the  labor  of  setting  up  the  same. 

Five  12  in.  by  18  in.  by  6  in.  110-volt  hot  pUtea $143. OS 

1  Thompsons  analytical  balance  style  28. 91.65 

1  distilling  apparatus 62.70 

1  Hoakina  electric  fumaoe 225.53 

1  electric  drying  oven 41.79 

Brushes,  tubing,  fuunols,  etc 54.23 

S618.98 
Account  8831 — Oil  Centrifuge. 

This  apparatus  was  located  near  the  oil  tanks  in  a  corrugated  iron  shed, 
4  ft.  by  4  ft.  by  8  ft.  The  labor  in  this  account  was  for  the  building  as 
well  as  setting  up  the  centrifuge  and  delivering  the  material. 

1  Braun  oil  centrift^e,  vertiod,  direct  compound  type,  110  volt, 

alternating $130.25 

Material  for  shed 18.34 

$167.59 
Sample  Room 

Account  8841 — ^Excavatioa. 

This  excavation  covered  the  making  of  a  thin  top  slice  and  shaping  the 
ground  for  a  plain  concrete  Boor.  The  dirt  was  red  clay.  It  was  done 
with  pick  and  shovel  and  cast  to  one  side. 

Account  8842— Foundation. 
This  covers  the  making  of  a  few  small  concrete  walls,  machine  mixed,  8 
sand  and  gravel  to  1  cement.     Seventy-five  per  cent,  of  the  vertical 
surface  was  formed.     The  concrete  was  handled  about  450  ft. 

Accoiint  8842.1— Concrete  Floors. 
These  floors  were  of  smooth  troweled  concrete,  5  in.  thick,  machine 
mixed,  5  sand  and  gravel  to  1  cement,  the  top  finish  1  in.  thick, 
2  sand  and  1  cement.     All  of  the  material  was  hauled  in  w^ons  500 
ft.     The  concrete  was  laid  in  blocks  with  sand  joints. 
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Account  8843— Walls  and  Roof  Structure. 
This  account  covers  the  purchase  price  of  the  followir^  material  and 
the  cost  of  erection. 

Lumber  for  Bides  and  roof  rafters S148.12 

Corrugated  iroD 47.68 

NaiU,  etc 6-01 

»201.81 
(See  Fig.  35.) 

Account  8843.4 — Roof. 

Thia  account  covers  the  roof  sheathing,  composition  paper,  and  the 
labor  incident  to  installing  it. 

1,008  b.f.,  1  in.  by  12  Oregon  pine »1.50 

10  squares  3-ply  asbestos  roofiug 45.07 

»76.57 
Account  8843.6— Doors  and  Windows. 
This  account  covers  the  cost  of  the  following  material,  and  the  cost  of 
installing  the  same: 

Two  3  ft.  by  7  ft.  by  ij  iu.  doors ] 

Twelve2tt.  ni  in.  by  5ft.  Sfin-bylfin. wiudowa,  glased.  .  >  $115.24 

Framea  for  doore  and  windows J 

Miaoellaueotia 3.61 

$118.85 
Account  8844— Oven. 

This  account  covers  the  making  of  a  drying  oven,  together  with  the 
cost  of  material  and  installation.  The  oven  was  made  in  the  shops 
of  iV-in.  sheet  plate,  4  ft.  by  2  ft.  by '6  ft.  high,  and  lined  with  A- 
ia.  asbestos  mill  board.     It  had  suitable  shelves  of  pipe  coils. 

One  oven $46.77 

Steam  piping,  etc 11.79 

$58.56 
Account  8846— Motor  Platfonns  and  Fixtures. 

This  covered  the  cost  of  the  following  material  and  its  installation: 

4  bucking  boards,  3  ft.  diameter  by  2t  in.  thiok $61 ,80 

21  sheets  galvaniied  iron  (No.  18)  for  pans,  eto 53,06 

Lumber  for  one  bencb  top,  3  ft.  by  12  ft.  for  pulverisers,  and  one 

bench  top  2  ft.  by  12  ft,  for  cutting  samplea 14 .  74 

$129.60 
Account  8846— Lighting. 
Thia  covers  the  cost  of  th?  lightiog  wiring  for  seven  lights. 
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Account  8848— Pointing. 

This  covers  the  cost  of  material  and  labor  incident  to  painting  the  sash 
of  this  building,  two  coats  of  white  lead  and  linseed  oil. 

Account  8849— Machiaerr. 

This  covers  the  purchase  price  of  the  list  of  material  given  below, 
together  with  the  labor  of  installing  it. 

Factory   fVeigbt  Cliftim 
Two  2  by  6  roll  jaw  cruahers.     (Sturtevant 

MitlLngCo.) $250.00  151.80  S301.8Q 

4iawpUte8 10.00      0,80  10.80 

4  shields 3.00      0.22  3.22 

8  toggles 3,00      0.14  3,14 

4  toggle  Beats 4.00      0.11  4.11 

2  Jonea  samplers  10  by  IS  id 40.00      2.25  42.25 

4  Braun  pulverizera,  9  in.  pul 363.48 

2  Braun    coal    grinders,    light   and    loose 

puUeya,  12  in.  diameter 147.62 

Moisture  acalea 20.  II 

Sieves  and  miscellaneous 15,47 

1912.00 

Account  8849.1 — Motor. 

This  covers  the  purchase  price  and  cost  of  installing   the  followinK 
motor. 

One  5-h,p.  Weatinghouae  motor S116,77 

Account  8849.2 — Shafting,  Pulleys  and  Belting. 

This  account  covers  the  cost  of  the  material  segregated  below  and  the 
labor  of  installing  it: 


One  24  id.  by  6  in.  by  IH  in.  bore  wood  split  pulley-  , 
Four  26  in,  by  9  id  by  IH  in.  bore  wood  split  pulley  . 

Two  22  in.  by  2  in.  Princeton  clutch  pulley 

26  ft.  1  in,  of  Hi  in.ahatting 

4  rigid  ring  oiling  pillow  blocks 

Two   1}J  in.  safety  set  collars 

Leather  bolting  for  motor  2  in.,  3  in.  and  5  in 


MISCELLAMEOUS  ACCOUNTS 

Account  8901^Derricks  and  Construction  Equqtmeut. 

This  account  is  indirect  expense,  see  8999.  The  charge  covers  the  cost 
of  all  derricks,  concrete  mixers,  carts,  wagons,  picks,  shovels,  in  fact 
every  tool  used  during  construction. 
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Account  8902 — Sewer  System — Cost  of  Pipe  and  Laying. 

This  account  covers  the  cost  of  the  material  and  labor  of  laying  the 
same  used  in  the  sewer  system.  The  sewer  lines  aggregated  2,967  ft. 
of  vitrified  sewer  pipe,  ranging  from  6  in.  to  15  in.  in  diameter.  It 
was  all  laid  an  average  depth  of  4  ft.  below  the  surface.  Concrete 
manholes  for  the  system  are  in  account  8902.2. 

Account  8902.1 — Sewer  System — ^Excavation. 

This  excavation  covers  the  entire  trenching  or  tunneling  as  was  in 
some  cases  done  for  the  aewer  system.  All  kinds  of  soil  were  run 
through.  The  trenches  varied  from  18  in.  to  60  in.  wide,  and  from 
2  ft.  to  20  ft.  in  depth. 

Account  8902.2 — Sewer  System — Concrete. 

This  concrete  covered  a  large  number  of  small  jobs  including  man- 
holes and  the  like  aloi^  the  sewer  lines.  In  general  the  mix  was 
7  sand  and  gravel  to  1  cement. 

Account  8903 — Pennanent  Outside  Closets. 

This  covers  3  latrines  built  of  2  by  4's,  4  by  4's  and  corrugated  iron. 
In  size  they  were  8  ft.  by  19  ft.  6  in.  by  8  ft.  high.  The  closet  was 
built  of  concrete  and  is  cleaned  by  a  periodical  flushing  of  water  which 
is  siphoned  into  a  aewer. 

Account  8901— Telephone  System. 

This  account  is  indirect  expense,  see  8999.     It  covers  the  cost  of  a 
telephone  line  from  Clifton  to  the  smelter,  together  with  all  phones 
and  connections  about  the  plant  during  construction. 
Account  8906 — Permanent  Outside  Lighting. 
The  material  account  here  is  as  follows: 
Four  110  volt  flaming  aj 
Conduit,  wire,  etc 


The  poles  here  used  were  old  ones  previously  charged  out  to  construc- 
tion equipment.  The  lights  were  placed  at  various  needed  points 
about  the  plant  and  then  connected  to  the  nearest  1 10- volt  circuit. 
Labor  costs  cover  the  settii^  of  poles,  the  eonneetii^  of  lamps,  running 
a  conduit  line  down  each  pole  to  a  switch  box,  and  installing  the  switch 
box. 

Account  890S.1 — Temporary  Outside  Lighting. 
This  account  is  indirect  expense,  see  8999, 

Account  8906 — Water  Pipe  Lines — ^Excavation. 

This  excavation  covers  the  trenching  for  all  the  water  lines.  It  repre- 
sents all  sorts  of  material  excavated  from  8  ft.  to  15  ft.  in  depth. 
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Account  8906.01— Water  Pipe  Lines—Conciete. 

This  was  a  small  amount  of  concrete  used  to  anchor  the  6-in.  line  at  the 
foot  of  the  hill,  as  it  comes  down  from  the  tank. 

Account  8906.02— Water  Pipe  Lines— Cost  and  Laying. 

This  account  covers  the  cost  of  the  material  and  labor  of  laying  all  the 
water  lines  about  the  smelter. 

There  was  2,0S2  ft.  of  ft-in.  pipe 
l,OSS  ft.  of  4-iii.,  pipe 
200  ft.  of  2)-in.  pipe 
268  ft.  of  2-iii.  pipe 
115  ft.  of  l}-iD.  pipe 
50  ft,  of  1-in.  pipe 

4,253  ft. 

Total  of  4,253  ft.  with  all  necessary  fittings,  valves,  and  fire  hydrants. 

Account  8906.1— Six-Inch  Pipe  Line  from  Clifton. 
This  account  covers  the  cost  of  the  material  and  labor  incident  to  laying 
a  6-in.  water  pipe  line,  8,988  ft.  long,  from  Clifton  to  smelter.    It 
includes  excavating,  painting,  and  backfill. 

Account  8906.2— Water  Supply  Tank— Excavation. 

This  covers  the  makii:^  of  a  3-ft.  slice  for  a  water  tank  foundation.    It 
involved  the  use  of  powder,  and  was  handled  with  picks,  shoveb,  and 

wheelbarrows. 

Account  8906.4 — Water  Supply  Tank— Coat  and  Erection. 
This  tank  was  erected  on  a  hill  at  an  elevation  of  200  ft.  above  the 
tracks  where  the  material  was  received.  It  is  40  ft.  in  diameter,  26 
ft.  9j  in.  high,  and  has  a  steel  cover.  Its  capacity  is  250,000 
gallons.  The  tank  steel  was  erected  by  contract.  The  account  stand- 
thus: 

Road  work $72. SO 

Hauling 121.31 

33.67  tone,  tank  erected 3,550.00 

Freight  on  tank 235 .69 

Power  for  rivetdng 92,31 

Miacellaneous 64.92 

$4,137.03 
Account  8907— Watchman. 

This  account  is  indirect  expense,  see  8999.     It  covers  the  pay  of  watch- 
man during  the  construction  period. 

Accoimt  8908— Power  Distribution. 

This  account  covers  the  cost  of  material  and  labor  incident  to  the  fol- 
lowing work.    Two-  and  three-inch  conduits  were  run  underground 
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from  the  power  house  to  the  heater  house  and  to  the  converter  building. 
Along  those  lines  four  concrete  manholes  or  pull  boxes  were  installed. 
At  the  converter  building  the  wire  from  the  conduits  run  up  a  steel 
column  and  from  thence  on  steel  brackets  through  the  reverberatory 
and  boiler  building  to  a  point  of  distribution  by  poles.  From  this 
point  the  wires  go  to  the  roasters,  sample  mill,  crushing  plant, 
and  beddii^  plant.  The  wire  ranged  from  1,000,000  cm.  to  No.  12 
weatherproof. 

Account  8908.1--Temporary  Oil  Tanks. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  cost  and 
erection  of  an  oil  tank  with  pipe  lines  used  during  the  construction 
period. 

Account  8909 — ^Permaneat  Air  Line — Excavation. 

This  covers  the  cost  of  trenching  and  backfilling  for  the  air  lines.  The 
trenches  were  in  every  kind  of  soil,  18  in.  to  6  ft.  deep  and  1  ft.  to  3  ft. 
wide. 

Account  8909.1 — ^Permanent  Air  Line — Layiii^. 

This  account  covers  the  cost  of  material  used  and  the  labor  of  installing 
the  same.  The  lines  together  are  2,316  ft.  long  and  composed  of  the 
following  quantities  of  different  sized  pipe. 

526  ft.,  1-in.  pipe  656  ft.,  2-iii.  pipe 

36  ft.,  li-iii.  pipe  838  ft.,  3-tit.  pipe 

80  ft.,  iHn.  pipe  180  ft.,  4-in.  pipe 

Account  8910— Transmission  of  Power  to  Various  Departments. 
This  is  a  suspense  account  which  has  been  charged  away. 

Account  8911 — Watchman  House. 
This  account  is  indirect  expense,  see  8999.    It  covers  the  cost  of  a 
temporary  building. 

Account  8912— Tool  Shed. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  cost  of  a  tem- 
porary building. 

Account  8913 — Bam  and  Corral. 
This  account  is  indirect  expense,  see  8999.    It  covers  the  cost  of  the 
corral  and  bam. 

Account  8914-^Temporai7  Blacksmith  Shop. 
This  account  is  indirect  expense,  see  8999.    This  is  a  temporary  build- 
ing used  during  construction. 

Account  8916 — Temporary  Power  Plant. 

This  account  is  indirect  expense,  see  8999.  It  covers  a  large  com- 
pressor, Maune  type  boiler  and  temporary  buildii^,  together  with  the 
labor  of  installation. 
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Account  8917 — Temporary  Crushing  Plant. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  cost  and 
installation  of  a  lO-in.  by  20-in.  crusher,  65-ft.  bucket,  elevator,  rock 
and  sand  bins,  shafting,  belts,  pulleys  and  motors. 

Account  8918 — Temporary  Water  Tasks. 

This  account  is  indirect  expense,  see  account  8999.  It  covera  several 
small  tanks  erected  for  use  at  the  temporary  camp  site,  as  well  as  a 
large  general  supply,  wooden  tank.  ' 

Account  8919 — Temporary  Electrical  Shop  Equipment. 

This  account  is  indirect  expense,  see  8999.  It  covera  a  temporary 
shop  equipment. 

Accoimt  8920— Wagon  Roads. 

This  account  is  indirect  expense.  It  covers  the  building  of  many 
roads  and  trails  required  during  the  construction  period. 

Account  8921 — ^Temporary  Pumping  Plant 

This  account  is  indirect  expense.  It  covers  a  timbered  shaft,  pump 
and  pipe  hne. 

Account  8922 — Temporary  Pipe  Lines. 
This  account  is  indirect  expense.     It  covers  the  cost  of  all  temporary 
water  and  air  lines  laid  during  the  construction  period. 

Account  8923 — Temporary  Warehouse. 

This  account  is  indirect  expense..  It  covers  the  cost  of  the  temporaiy 
warehouse  and  equipment. 

Account  8924 — ^Temporary  Cement  Sheds. 
This  account  is  indirect  expense,  see  8999.     It  covers  the  cost  of 
corrugated  iron  sheds  for  storing  cement. 

Account  8926 — Horses,  Harness  and  Carts. 

This  is  indirect  expense,  see  8999.  This  covers  the  cost  of  some  cart*, 
work  harness,  and  the  purchase  price  of  an  animal  killed  during 
construction. 

Account  8926— Temporary  Office. 

This  account  is  indirect  expense,  see  8999.  This  covers  the  cost  of 
the  construction  office. 

Account  8927 — Temporary  Lavatories. 

This  account  is  indirect  expense,  see  8999. 

Account  8928 — Temporary  Machine  Shop. 

This  account  is  indirect  expense,  see  8999.  This  covers  the  cost  of 
temporary  machine  shop. 
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Account  8929— Employe's  Railroad  Tran^Mrtatioa. 

This  account  is  indirect  expense,  see  8999.  During  the  construction 
period  300  to  500  men  were  employed,  over  three-fourths  of  whom 
lived  in  and  around  Clifton.  The  cost  of  transporting  these  men  back 
and  forth  each  day  was  borne  by  the  construction. 

Account  8930— Clearing  Land. 

This  account  is  indirect  expense,  see  account  8999. 

Account  8931 — Test  Holes. 

This  account  is  indirect  expense,  see  8999. 

Account  8933 — ^Furniture  and  Fixtures. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  temporary 
office  fixtures. 

Account  8934 — Miscellaneous  Supplies. 
This  account  is  indirect  expense,  see  8999. 

Account  8936 — Shop  Equipment. 

This  account  is  indirect  expense,  see  8999.  It  covers  materiai  used  in 
various  temporary  shops. 

Account  8936 — Overhead  Shop  Expense. 

This  account  is  indirect  expense,  see  8999.  This  account  covered  all 
labor  and  supplies  used  in  the  shops  not  directly  charged  to  the  work 
in  hand. 

Accoimt  8937 — Stock  Lumber. 

This  is  a  suspense  account. 

Account  8938 — ^Powder  Magazine. 

This  account  is  indirect  expense,  see  8999. 

Account  8939 — Miscellaneous  Labor. 
This  is  indirect  expense,  see  8999. 

Account  8941 — Temporary  Railway  Receiving  Bins. 

This  account  is  indirect  expense,  see  8999. 
Account  8942 — Water  Supply. 

This  account  is  indirect  expense,  see  8999.     It  covers  the  cost  of  water 

from  Clifton  used  during  construction. 
Account  8943 — Corral  Expense. 

Thia  was  suspense  account  distributed  at  the  close  of  each  month,  on 

the  basis  of  the  cost  per  animal-day. 
Account  6944 — Switching  and  Freight  from  Clifton. 

This  account  is  indirect  expense,  see  8999.     It  was  impossible  to  place 

these  charges  to  the  material  freighted,  owing  to  incomplete  records. 
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Account  8946 — Office  Stationeiy  and  Supplies. 
This  account  is  indirect  expense,  see  8999.  . 

Account  8946— Warehouse  Operating  Expense. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  expense  of 
running  the  warehouse  during  the  construction  period. 

Account  8927 — Timekeeping  Expense. 

This  account  is  indirect  expense,  see  8999.  It  covers  the  expense  of 
the  timekeeping  and  distribution  during  the  construction  period. 

Account  8948— Form  Lumber. 

This  is  a  suspense  account.  Its  money  was  apportioned  to  all  concrete 
costs  on  the  basis  of  board-feet  of  lumber  used  on  each  job. 

Account  8949 — Cement. 

This  was  a  suspense  account.  It  was  apportioned  to  all  ooncret* 
accounts  on  the  basis  of  sacks  used. 

Account  8961 — Sand  and  Gravel. 

This  ia  a  supense  account.  Its  money  was  apportioned  to  the  different 
concrete  accounts  on  the  basis  of  cubic  yards  of  concrete  cast. 

Account  8962 — Employe's  Quarters. 

This  account  is  indirect  expense,  see  8999.  It  represents  the  cost  of 
a  boardii^  house,  bath  hou&e,  and  42  tent  houses,  less  the  rent  they 
paid  on  during  the  construction  period. 

Account  8963 — Crushing  Plant  Operating  Expense. 

This  is  a  suspense  account.  Its  money  was  apportioned  to  the  different 
concrete  jobs  on  the  basis  of  cubic  yards  of  concrete  benefiting. 

Account  8964 — Concrete  Power  and  Repairs. 

This  is  a  suspense  account,  see  8953. 

Account  8966 — Mortar  Sand. 

This  is  a  suspense  account.  It  was  apportioned  to  the  brick-work 
on  the  basis  of  the  amount  used  by  the  various  jobs. 

Account  8966.1 — Mortar  Lime. 

This  is  a  suspense  account,  see  8953. 

Account  8966.2 — Mortar  Cement. 
This  is  a  suspense  account,  see  8955. 

Account  8966.4— Rre  Brick  Mortar. 
This  is  a  suspense  account,  see  8955. 

Account  8966.6— Silica  Brick  Mortar. 
This  is  a  suspense  account,  see  8955. 
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Account  8906 — Operating  Temporaxy  Power  Hottse. 

This  is  a  suspense  account.  It  was  apportioned  to  the  various  jobs  on 
the  basis  of  horse  power  days. 

Account  8967 — Maintenance  of  Track  in  Yards. 

This  account  is  indirect  expense,  see  8999.  It  represents  the  upkeep  of 
tracks  during  construction,  and  the  cost  of  many  temporary  construc- 
tion tracks. 

Account  896ft— Ditch  at  Tunnel  No.  2. 

This  account  is  indirect  expense,  see  8999.  It  represents  a  ditch  built 
by  the  Arizona  &  New  Mexico  Railway,  to  protect  their  main  line  which 
has  been  endangered  by  surface  water  as  a  result  of  the  site  chosen  for 
the  smelter. 

Account  8961 — Steam  Heating  System — ^EzcavatioQ. 

This  covers  the  making  of  a  long  shallow  trench  and  backfilling  it. 
The  ground  was  red  clay. 

Account  8961.1 — Steam  Heating  System — Cost  and  Installation. 

This  covers  the  cost  of  laying  260  ft.  of  2-in.  steam  pipe  and  236  ft.  of 
2i-in.  steam  pipe  in  a  2-in.  lumber  box.  The  pipe  was  covered 
with  double  standard  magnesia  covering. 

Account  8976 — Cleaning  Up. 

This  account  is  an  indirect  charge,  see  8999.  It  represents  cleaning  up 
about  the  plant  after  construction. 

Account  8976~Reliandling  Brick  and  Tile. 

This  account  is  an  indirect  chaige,  see  8999.  It  represents  handling 
tile  not  directly  chargeable  to  the  jobs  where  the  tile  was  used,  but  as  a 
result  of  other  considerations. 

Account  8998 — ^Direct  Chaiges. 

This  account  is  indirect  expense,  see  8999.  It  represents  direct  charges 
to  indirect  expense. 

Account  8999— Indirect  Expense. 

This  account  is  a  summation  of  the  accounts,  as  listed  under  charges  to 
indirect  expense.  As  the  total  of  indirect  expense,  they  represent  a 
percentage  of  the  total  cost  of  the  smelter,  less  the  engineering  and 
and  indirect  expenses,  and  have  been  so  reported.  In  the  making  of 
any  total  estimate  based  on  the  unit  costs  derived  from  this  sheet,  it  is 
assumed  that  of  the  total  estimate,  7.53  per  cent,  will  be  taken  to 
ascertain  the  item  of  indu^ct  expense. 
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POWER  PLANT 
Power  House 

Account  9001 — ^Excavation. 
This  excavation  was  a  large  cut,  about  55  ft.  by  280  ft.  by  10ft-,  for  the 
basement  of  the  power  house,  the  machine  foundation  and  the  building 
piers.  The  material  encountered  was  red  clay  and  boulders  on  top, 
with  sand  and  gravel  beneath  which  was  saved  for  concrete  material. 
Powder  was  used,  followed  by  plowing,  pick^,  shovels,  fresnos,  and 
carts.     The  material  was  hauled  450  ft.     (See  Fig.  53.) 

Account  9002 — ^Building  Foundation  Piers. 

This  concrete  was  cast  in  piers  which  supported  the  steel  columDS.  The 
piers  were  about  3  ft.  by  4  ft.  by  3  ft.  plain  concrete,  hand  mixed,  in  the 
proportions  of  7  sand  and  gravel  to  1  cement,  and  transported  150  ft. 
in  wheelbarrows  to  place.  A  great  deal  of  difficulty  was  experienced 
here  in  keeping  out  the  sand  and  gravel  which  constantly  sluffed  in  from 
the  sides.     Fifty  per  cent,  of  the  vertical  surface  was  formed. 

Account  9002.1— Building  Foundation  Walls. 

This  concrete  was  cast  as  a  long  reinforced  wall  running  around  outside 
and  bearing  on  the  columns  uf  the  building.  It  is  12  in.  at  top,  20  in. 
at  bottom,  11  ft.  high,  designed  as  a  slab  to  withstand  earth  pressure 
on  a  20-ft.  span.  The  concrete  was  machine  mixed  in  the  proportions  of 
5  sand  and  gravel"  to  1  cement,  wheeled  150  ft.  to  place  and  reinforced 
with  J-  and  J-in.  rods  variously  spaced.  Ninety-five  per  cent,  erf 
the  vertical  surface  was  formed.     (See  Fig.  47.) 

Account  9002.2— North  Tunnel. 

This  concrete  was  cast  as  a  box  culvert  in  an  open  cut.  It  is  about  6  ft. 
by  7  ft.  by  300  ft,  long.  It  was  hand  mixed  in  the  proportions  of  5  sand 
and  gravel  to  1  cement,  wheeled  100  ft,  to  place  and  reinforced  with  j 
in.  and  i-in.  rods.  Fifty-five  per  cent,  of  the  vertical  surface  was 
formed,  as  well  as  the  roof  of  the  culvert.     (See  F^.  50.) 

Account  9002.3— Concrete  Drain. 

This  concrete  forms  a  drain  through  the  middle  of  the  power-house 
basement.  There  are  two  walls,  10  in.  thick,  18  in.  high,  3  ft.  apart, 
with  a  9-in.  bottom  in  the  drain  laid  on  grade.  The  concrete  was  one- 
half  machine  and  one-half  hand  mbced,  in  the  proportions  of  7  sand  and 
gravel  to  1  cement,  wheeled  in  barrows  150  ft.  to  place.  Ninety  per 
cent,  of  the  vertical  surface  was  formed. 

Account  9002.4 — Basement  Floor — Concrete. 

This  concrete  was  cast  as  a  floor  on  grade  in  the  basement  of  the  power 
house.     It  was  laid  in  6-ft.  blocks  with  sand  joints.    The  mixture. 
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maohine  made,  was  7  parts  aand  and  gravel  to  -1  cement.  The  top 
Gniah  was  |  in.  thick  and  made  2  parts  aand  to  1  cement.  The  total 
thickness  of  the  Boor  is  4  in.  The  concrete  was  transported  in  barrows 
on  an  average  of  125  ft. 

Account  9002.46— Basement  Floor  Painting. 
This  account  covers  material  cost  and  labor  of  cleaning  floor  and 
applying  two  coats  of  Toch  Brothers  cement  filler. 

Account  9002.6 — Preparing  of  Concrete  for  Painting. 
This  covers  the  cost  of  preparing  basement  concrete  walls  for  punt- 
ing.   The  air  holes  were  filled,  roi^  surfaces  smoothed,  and  one  coat 
of  cement  grout  applied. 

Account  9002.7 — Painting  Concrete. 
This  account  covers  the  cost  of  the  material  and  labor  of  applying  it 
to  the  power  house  basement  walls.     One  coat  of  Wadsworth  Howland 
Bay   State   cement   coating   was  put  on.     This  cost  tl.88  a  gallon 
f.o.b.  Clifton.    The  material  account  is  as  follows; 

160  gaDoM  of  paint »281.40 

BniflhM 8.42 

TurpenUne 6.71 

MiBoellaneouB 6.08 

»30I.6l 

Account  9003 — Steel  Structure. 
This  account  covers  all  the  structural  steel  including  railings  and  the 
like  used  in  the  power  house  building.     There  were  254.29  tons.     (See 
Fig.  54.) 

Account  9003.1— Tile  Walls. 
This  account  covers  the  cost  of  all  the  tile,  mortar  material,  scaffolds, 
mason  labor,  carpenter  labor,  and  hoisting  power  required  to  lay  up 
the  walls.  The  walls  were  40  ft.  high  on  the  average  from  the  ground 
level.  The  walls  were  8  in.  thick,  laid  directly  upon  the  concrete  walls. 
See  account  9002.1.  Two  mortars  were  used  in  laying  up  the  tile, 
one  with  lamp  black  in  to  give  the  outside  joint  a  pleasii^  appearance. 
The  joints  were  struck.  The  mortar  mixture  was  1  cement,  3  sand, 
and  1  lime.     (See  Figs.  52  and  54.) 

Account  9003.11— Unloading  Tile. 

This  account  covers  the  preparing  of  tne  site  for  unloading,  checking 
quantities  and  unloading  the  tile  used  in  the  power  plant. 

Account  9003.13— Wall  Copii^. 
Similar  to  account  8703.22,  which  see.    The  depth  of  this  coping  was, 
however,  IS  in.  against  12  in.  at  the  warehouse  and  shops. 
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Account  900S.2— Doors,  Windows  and  Frames. 

This  account  covers  the  doors,  sash,  hardware  aod  frames  listed  bdow, 
together  with  the  labor  cost  of  inatalling  the  same.  The  steel  frames 
were  made  by  the  Kansas  City  Structural  Steel  Co. 

Faohuy      Freight        Clifton 
105  nngle  saah,  2  ft.  8|  in.  by  6  ft.  1}  in.  by  1) 
in.  glaced  with  15  ribbed  glass  lights,  fixed 

aash »325,50     

1  single  s&Bh,  2  ft.  81  in.  by  4  ft.  j  in,  by  1} 
in.  glaied  with  12  ribbed  gUtu  lights,  fixed 


73  wmdowa,  2  ft.  8f  in.  by  6  ft.  3  m.  by  )  in. 
glaied  with  18  ribbed  glaas  lights,  double 

hung 284,70     

40  sash,  3  ft.  1  in.  by  2  ft.  6i  in.  by  It  in. 

glased  with  6  ribbed  glaas  lights,  hinged.  . .  56.00    

$93.05        $785.25 
Steel  frames  for  all  but  the  40  6~ljght  sash 
and  6  door  frames,  3  ft.  1  in.  by  7  ft.  6  in.. .        1,815.20    292.77       2,107.97 

300  Caldwell  sash  balances.  No.  18 111.95 

3,884  ft.  b.iii.  lumber  for  frames  for  40  single  saah 91 .44 

Locks,  hinges,  nails,  eta 223. 32 

$3,319.93 


!  Fig.  51.) 


Account  9003.21— Concrete  SiUs. 

This  account  covers  the  material  used  and  the  labor  expended  in  making 
the  power  house  concrete  sills.  About  one-half  of  the  sills  were  cast 
in  place  and  the  remainder  as  separately  ipoulded  members.  They 
were  8  in.  by  10  in.  for  the  windows  and  3  in.  by  10  in.  for  the  fixed 
sash  at  the  top  of  the  building.  The  material  was  hand  mixed,  3  sand 
to  1  cement,  and  3f-in.  rods  ran  the  length  of  the  sills.     (See  Fig.  51-) 

Account  9003.3— Ventilators. 

This  covers  the  cost  of  6  48-in.  Burt  ventilators  with  square  base  and 
the  labor  of  installing  them  on  the  roof  of  the  power  house.  They  were 
lifted  onto  the  roof  with  a  locomotive  crane. 

ft  Burt  ventilators $280.17    $162.57    $432.74 

MiBoellaneouB ■      7.02 

$439.76 

Account  9003.4— Main  Floor  Columns. 
This  account  covers  the  cost  of  the  material,  fabrication,  and  labor  of 
erecting  57  pipe  columns  and  11  structural  steel  columns  to  support 
the  steel  beams  of  the  power  house  floor.     The  57  pipe  columns  were 
made  of  4-in.  pipe,  with  a  cast-iron  base  and  capital,  and  were  so  [daced 
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that  they  might  be  ea^y  shifted  a  foot  or  two  along  the  low  flange  of 
the  I  beams  they  support,  should  they  interfere  with  future  piping 
schemes.  The  structural  columns  were  permanently  located.  The 
material  segr^ated  is  as  follows : 

Caps  and  baau,  out  iron $227.80 

.  668  ft.  of  4-iii.  pipe 186.40 

Structural  Bteel  and  nvetB 136.99 

MiBoeUaneous 75.25 

1626.44 

Accoont  9003.41— Mahi  Floor  Slab— Concrete. 

This  account  covers  the  cost  of  the  Berger  multiplex  plate  laid  on  the 
steel  I  beams  of  the  power-house  floor,  and  covered  with  concrete  rein- 
forced with  )'in.  and  J-in.  rods.  The  Berger  plate  was  laid  upon 
steal  beams  and  not  wired;  }-in.  and  }-in.  rods,  1  ft.  on  concrete, 
were  laid  in  the  concrete  at  right  angles  with  the  grooves  of  the  plate. 
The  concrete  mixture  was  7  parts  saad  and  gravel  to  1  cement,  raachine 
made.  The  top  finish  was  proportioned  2  sand  to  1  cement.  It  was 
laid  I  in.  thick,  smooth  troweled,  and  marked  off  in  6-ft.  squares. 
The  material  account  stands  thus: 

l(B.l  square,  3-in.  Berger  plate $2,101 .88 

1-in.  and  i-in.  reinforoed  steel 62.06 

Con orete  materials 1,177.67 

$3,341.61 
(See  Fig.  55.) 

Account  9003.42— Painting  under  Side  Main  Floor. 
The  Berger  plate  exposed  beneath  the  floor  of  9003.41  was  cleaned  of 
rust  and  painted  two  coats  of  linseed  oil  and  white  lead,  cream  color. 
This  necessitated  low  scaffolds.  The  square  yards  in  which  the  unit 
cost  is  reported  are  the  yard  measurements  derived  from  developii^ 
the  plate.     This  cost  covers  the  material  and  the  labor. 

Account  9003.43 — Painting  Top  Main  Floor. 

This  account  covers  the  labor  and  material  used  in  panting  the  upper 
surface  of  the  power  house  Berger  plate  concrete  floor.  It  was  given 
two  coats  of  Toch  Brothers  cement  filler  and  one  coat  Toch  Brothers 
warm  gray  cement  paint,  after  the  floor  had  been  well  cleaned  and 
dried  out. 

Account  9003.6— Berger  Multiplex  Plate. 

This  account  covers  the  material  and  labor  used  in  putting  Berger 
plate  upon  the  power-house  roof.  The  eaves  of  the  roof  are  41  ft.  from 
ite  ground  and  the  floor  b  }  pitch.    The  Bei^er  plate  was  hoisted 
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to  place  by  use  of  a  angle  pulley  and  liand  rope.  When  laid  in  podUon 
it  was  wired  to  tbe  purlins  witb  No.  10  wire.  The  segregated  account 
stands  as  follows: 

Berger  pW; $2,962.25 

Wire 20.41 

Tools,  etc 80.52 

S3,063.18 
(See  Fig.  56.) 

Account  9003.61— Roof  Concrete. 

This  account  covers  the  concrete  placed  on  the  roof.  It  was  hoisted 
to  the  eaves  at  various  places  and  transported  to  position  in  hand 
buckets.  The  concrete  was  hand  mixed,  5  sand  and  gravel  to  1  cement. 
The  top  finish  was  not  used,  but  the  concrete  was  straight-edged  to 
proper  level  and  troweled  as  smooth  as  possible.     (See  Fig.  56.) 

Account  9003.52 — ^Roof  Tar. 

This  account  covers  the  cost  of  the  material  below,  and  the  labor  used 
in  applying  it  to  the  roof.  A  composition  of  tar,  cement  and  coal  oil 
was  made  and  painted  directly  upon  the  concrete  roof  in  an  effort 
to  make  it  waterproof. 

11  barrels  of  tor »113.74 

7  sacks  cement 4.95 

54  gallons  coal  oU 6.48 

Miecellaneous 2.S6 

1127.73 
Account  9003.63— Roof  Down  Spouts  and  Tile  Drain. 

This  covers  the  cost  of  the  material  used  in  10  down  spouts  and  druns, 
together  with  the  labor  employed  in  erecting  them.  The  down  spouts 
are  4-in.  galvanized  iron  spouts  which,  after  leaving  the  gutters,  pass 
directly  through  a  hole  prepared  in  the  building  wall  to  the  inside  of 
the  building,  and  thence  to  the  basement  floor.  At  this  point  they 
enter  a  4-in.  vitrified  sewer  piper  which  is  liad  beneath  the  floor  dis- 
charging into  the  drain  down  the  center  of  the  building.  The 
material  account  stands  as  follows: 

355  ft.  4-in.  vitrified  sewOT  pipe $117.00 

560  ft.  4-in.  galvanised  iron  drain  pipe 90.87 

Miscellaneous 31 ,67 

S240.44 
Account  9003.64 — Roof  Painting  Underside. 
This  account  covers  the  cost  of  the  paint  material,  brushes,  scaffolds, 
etc.,  together  with  the  labor  required  to  paint  the  undermde  of  the 
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power-house  roof.  High  swin^ng  scaffolds  from  the  roof  truss  purlins 
were  used  to  work  from.  They  were  slow  and  difficult  to  move 
from  place  to  place.  The  rust  was  cleaned  off  and  it  was  given  two 
coats  of  white  lead  and  linseed  oil,  cream  color. 

Account  9003.55 — ^Roof — P  and  B  Roofing. 
This  account  covers  cost  of  material  and  labor  incident  to  applying 
a  paper  roof.  Wood  strips  were  imbedded  in  the  concrete  around  the 
base  of  each  ventilator,  and  across  the  roof  at  the  j  uncture  of  the  lean-to 
roof  with  the  main  building  roof.  A  cement  coating  was  then  applied 
to  the  concrete  followed  by  application  of  hot  maltha,  with  sheets  of 
felt  imbedded  in  the  maltha.  The  felt  was  so  lapped  one  piece  upon 
another  as  to  give  three  thicknesses  over  the  entire  roof.  Another 
application  of  hot  maltha  was  swabbed  over  this  ground  work,  followed 
by  one  course  of  three-ply  P  and  B  roofiing  paper. 

Account  9003.60— Painting  Sash. 
This  account  covers  the  material  and  labor  incident  to  painting  all 
the  power-house  sash  three  coats.     Linseed  oil  and  white  lead  was 
used. 

Account  9003.61— Painting  Woodwork. 
This    account  covers    the    painting   of  the   power-house   doors  and 
miscellaneous  woodwork. 

Account  9004 — Crane. 
This  crane  has  a  capacity  of  20  tons.    It  is  operated  by  hand  and 
spans   the  power-house  floor,  a  distance  of  50  ft.    It  has  a  40-ft. 
lift  and  runs  on  50-lb.  rails.     The  account  covers  the  material  as 
shown  below,  and  the  labor  of  erecting  the  crane: 

One  20-ton  hand  iTftveling  crane 11,278.00 

Freight  on  same 408.00 

Miscellaneous 37.27 

$1,723.27 

Account  9006~WeU  Grading. 

This  covers  the  cost  of  grading  off  a  point  of  conglomerate  rock  in 
preparing  a  site  for  a  well.     Large  blasts  of  dynamite  were  used. 

Account  9006.1— Shaft  Sinking. 
This  covers  the  cost  of  sinking  a  shaft  in  congtomeratc  at  the  waters 
edge  upon  the  site  prepared  by  account  9005.     The  shaft  was  6  ft.  by 
8ft.  and  went  to  a  depth  of  45  ft.     It  was  necessary  to  install  and  run  a 
"So.  7  Cameron  pump  to  handle  the  water. 
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Account  9006.2— Timbering. 

The  timbers  used  were  8  in.  by  8  in.,  Oregon  pine  Bqusre-shaft  sets, 
making  two  compftrtments  in  the  shaft.     The  shtift  was  la^ed. 

Account  9006.31— Aldrlch  Pump  Installatioa. 

The  money  expended  under  this  account  was  for  unloading  two  pumps 
which  were  not  installed. 

Account  9006.01 — ^Nordberg  Blowers — ^Foundation. 

These  two  concrete  foundatioos  were  each  about  30  ft.  by  15  ft.  by  20 
ft.    The  concrete  was  mixed  6  parts  sand  and  {p^vel  to  1  cement  by 

.  machine,  and  transported  50  ft.  to  place.  100  per  cent,  of  the  vertical 
surface  was  formed.  Elach  foundation  had  over  tliirty  bolts  set  exact 
with  template  and  piped.  The  pipes  were  in  short  pieces  pulled  up  aa 
the  foundation  raised  and  out  at  the  completion.  The  cost  of  ttiese 
pipes  and  the  bolts  are  in  every  case  given  in  the  concrete  cost. 
(See  Fig.  49.) 

Account  9006.1 — Nordberg  Blowers — Cost  and  Installation. 

This  account  covers  the  cost  of  the  material  as  listed  below,  tc^tber 
with  the  labor  of  erecting  the  same.  These  engines  are  two  Kordbeig 
cross-compound  blowing  engines,  deragned  to  compress  10,000  cu.  ft. 
of  free  air  at  an  altitude  of  3,500  ft.  to  12  lb.  pressure,  wtule  15  lb.  may 
be  carried  if  desired.  The  bigh-pressiue  steam  cylinder  is  20  in.,  the 
low-pressure  42  in.,  while  the  air  cylinders  are  44  in.,  all  haNmig  the 
common  stroke  of  42  in.  The  engines  are  furnished  160  lb.  steam 
pressure,  superheated  75°  F.  The  speed  is  71  r.p.m.  The  labor  (rf 
grouting,  and  the  labor  of  testing  out  and  starting  up  are  included 
here. 


2  Nordberg  blowing  engines,  with  receivers $30,967.34 

2  No.  34  crane  tilt  traps 107.78 

Grout,  etc 1,438.90 

(32,514.02 

Account  9006.2 — ^Nordberg  Blowers — Painting. 

This  account  covers  the  cost  of  material  and  labor  of  painting  the  two 
Nordberg  blowing  engines.  All  of  the  power-house  machinery  was 
pwnted  by  contract  for  the  sum  of  $820.  This  sum  covered  the  labor  and 
all  took,  such  as  brushes,  putty  knives,  light  ladders,  etc.  The  paint, 
oils,  colors,  dryers,  and  sc^olds  where  necessary  were  furnished  by^e 
company.  The  money  covered  by  the  contract  and  material  used  was 
apportioned  to  the  painting  account  of  the  different  pieces  of  machine 
on  the  basis  of  the  time  spent  on  each  piece  of  machinery.  Evwy 
machine  was  given  one  coat  of  paint,  one  coat  of  filler,  and  two  coats 
of  olive-green  enamel. 
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Account  9007.01 — ^Turbines— Potmdatioii. 

This  concrete  is  identical  with  9006.01. 

Account  9007.l'TurbineB — Cost  and  Instalktioa. 

This  account  covera  the  purchase  price  of  three  Curtis  turbines  and 
material  as  listed  below,  together  with  the  labor  of  erection,  grouting, 
wiring  from  generator  to  switchboard,  testing  and  starting  up.  The 
turbines  are  2,000-k.w.  Curtis-type  horizontal  shaft  engines  and  direct 
connected  to  2,500-k.v.a.,  6,600-volt,  60-cycle,  S-phase,  1,900-r.p.ni. 
generators.  The  approximate  size  of  each  unit  is  23  ft.  8  in.  long  by 
10  ft.  6  in.  wide  by  9  ft.  7  in.  high,  with  a  net  weight  of  108,300  lb. 

3  turbinea ; »77,828.10 

486  KoUona  of  g*rgoyle  turbine  oil 233.04 

Grout,  electrical  m&terial 1,626.36 

S7fl,&S6.49 

Account  9007.2— Turbines— Painting. 

See  account  9006.2. 

Account  9007.3  Turbines — ^Air  Pipe  Making. 

(See  Fig.  57.)  This  account  covers  the  making  of  the  ^  ducts  for  the 
three  turbines.  They  were  fabricated  in  the  smelter  shops  of  No.  16 
steel  with  2^  by  2J  by  i  angles.  The  total  length  for  the  three 
was  103  feet. 

Account  9007.4— Turbines — Air  Pipe  Erection. 

This  account  covers  the  labor  of  erecting  the  air  ducts  in  account 
9007.3.  The  material  used  was  cloth  insertion  packing,  rivets,  hangers, 
anchors,  etc. 

Account  9007.61— Transformer  Trucks  and  Traaafer  Table. 

This  account  covers  the  placii^  of  325  ft.  of  40-lb.  rwl  for  installing 
15  transformers  with  trucks,  and  the  cost  of  those  trucks.  (See  Fig. 
58.) 

Account  9007.62 — ^Auto  Transfonaers. 

This  account  covers  the  cost  of  the  10  transformers  oil  and  wire  as 
listed  below,  together  with  placing  wiring,  trying  out  and  testing  the 
sfime. 

10  oil-cooled  auto  tranafonnerB  for  raising  voltage  from  6,600  to  13,200 
voltB,  G.E.  Type  "H,"  60  cycles $11,801.81 

417  k.T.a.  Y  connected.  (3  transformers  to  a  turbine  and  one  spare). 
Oil  and  wire 243.10 


S12,014.fil 
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Account  9008.01 — CondenserB — ^Foondatton. 

These  were  plain  foundations  machine  mixed,  in  the  proportions  of 
1  cement  to  6  sand  and  gravel.  The  vertical  surfaces  were  100  per 
cent,  formed. 

Account  9008.1 — Condensers — Cost  and  Installatioii. 

This  covers  the  cost  of  3  Albei^r  surface  condensers  tmd  the  labor 
of  placii^  and  grouting  them  in  position.  Bach  condenser  ba^ 
7,600  sq.  ft.  of  surface. 

3  Condensers $19,436.0* 

Grouting,  etc 127.51 

119,563.55 
Account  9008.2 — Condensers — ^Painting. 
See  account  9006.2 

Account  9009— Jet  Condenser— Hot  Well  Ezcavatiou. 

This  covers  the  coat  of  making  small  excavatioos  for  a  few  piers  in  red 
clay  with  pick  and  shovels. 

Account  9009.01— Jet  Condenser— Hot  Well  Foundation. 

This  covers  a  email  amount  of  concrete  for  piers,  hand  mixed— 
6  sand  and  gravel  to  1  cement. 

Account  9009.02— Jet  Coadenser— Hot  Well  Supporting  Structure  ud 
Tank. 

This  account  covers  the  cost  and  erection  of  5.76  tons  of  steel.  There 
was  a  quadrangular  tower  19  ft.  6  in.  high,  with  about  12  ft.  base,  sur- 
mounted with  a  10  ft.  diameter  by  8  ft.  6  in.  high  steel  tank.  It 
was  furnished  by  the  Kansas  City  Structural  Steel  Co. 

Account  9009.03— Jet  Condenser — Cost  and  Erection. 
This  covers  the  cost  of  one  2S-in.  Alberger  type  "F,"  baroraetic  jet 
coBdenser  and  erection  above  the  tank  of  account  9009.02. 

Account  9009.12 — Jet  Coadenser — Dry  Vacuum  Pumps. 

These  air  pumps  remove  the  air  from  the  barometic  condenser  and  htp 
located  in  the  power  house.  The  account  covers  the  cost  of  the 
material  listed  below  and  the  labor  of  erecting  the  same. 

Two  15-h.p.  alip  ring  motors,  440  volts,  3  phase,  60  cycles,  565-t.  p.  m., 

with  resistance  controllers S739.93 

TffO  16  by  12  single-st^^e  Alberger  dry  vacuum  pumps 1,88B.S2 

2  oirouit  breakers 39.88 

Grout,  cable,  condulcts,  etc 191.99 

$2,860.01 
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Account  9009.13^et  Condenser  Dry  Vacuum  Pump — Painting. 

(See  account  9006.2.) 

Account  9009.21— Circulating  Pumps— Foundation. 
These  are  about  15  ft.  by  20  ft.  by  10  ft.  and  are  dmilar  to  9006.01  in 
other  reBpecta: 

Account  9009.22 — Circulating  Pump — Cost  and  Erection. 

These  air  pumps  furnish  the  circulating  water  for  the  barometic  con- 
denser. The  cost  here  includes  the  price  of  the  material  li8t«d  below 
and  the  labor  installing  the  same. 

Two  36-h.p.,  440-voU,  60-cyole,  S70-r.p.m.  motors, |I,6S7.50 

Two  2  Lobe  cycloid&I  jumps,  14  by  12,  17.8  g&I.  per  rev 2,341.41 

2  oil  switches,  860  volt 39 .  89 

Mieoellaneoua 66.88 

13,535.68 
Account  9009.23— Circulating  Pumps— Painting. 

See  account  9006.2. 

Account  9010.01— Air  Compressor — ^Foundation. 

This  concrete  is  10  ft,  by  20  ft.  by  15  ft.  high.  In  other  respects  it 
is  similar  to  9006.01. 

Account  9010.02— Air  Compressor — ^Erection. 
This  account  covers  only  the  erection  at  the  smelter  of  the  foUowii^ 
Ingersoll-Rand  two-6tl^;e  compressor.  It  was  bought  from  the  mines 
and  erected  at  the  smelter  power  house.  The  compressor  has  a 
steam-driven  cross-compound  Corliss  engine.  The  steam  cylinders 
are  13  in.  aad  the  air  cylinders  are  22  in.  and  13  in.  and  the  common 
stroke  is  36  in. 

Account  9010.04 — Air  Compressor — ^All  Pq)ing  Except  Steam. 

This  account  covers  the  cost  and  erection  of  all  the  piping  to  the 
Ingersoll-Rand  Co.  compressor  except  the  steam  piping.    ' 

Account  9010.06 — Air  Compressor — Wrecking  and  Tranqwrtation. 
This  account  covers  the  labor  of  tearing  down  this  compressor  at 
Morenci,  loading  it  on  cars  and  the  fright  to  the  smelter.    Such 
material  is  charged  as  was  incident  to  these  operations. 

Account  9010.06 — ^Air  Compressor — Installation  of  Air  Receivers. 

This  account  covers  the  labor  of  installing  a  small  Eur  receiver  in  the 
power-house  basement,  for  the  compressor.  No  charge  was  made  for 
the  receiver. 
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Account  9011.01 — ^Two  Exciters,  Two  Air  Pmaps,  Two    Circulating 
Pumps— Foundatioa. 

This  is  a  large  foundation  about  15  ft.  by  20  ft.  by  10  ft.  In  other 
respects  it  is  the  same  as  account  9006.01. 

Account  9011.02— Two  Exciters— Cost  and  Installation. 

This  account  covers  the  cost  of  the  material  listed  below  and  the 
labor  of  installing  the  same.  These  are  the  exciters  for  the  turbine 
generators.  They  are  Ridgway  tandem,  compound,  balanced,  slide- 
valve  engines,  direct  connected  to  75-k.w.,  125-volt  direct-current 
generators  with  a  speed  of  275  r.p.m. 

2  excitaw $5,744.96 

Cable  wire  etc 286.28 

MiacellaneuB S7.02 

16,118.28 
In  the  labor  cost  is  included  wiring  and  connecting  the  machines  to 
the  switchboard,  as  well  as  erecting  groutii^  and  trying  out. 

Account  9011.03 — ^Three  Dry  Vacuum  Pun^s — Cost  and  Installation. 

These  pumps  are  for  the  surface  condensers.  The  account  covers  their 
cost,  erection,  grouting  and  trying  out.    They  weighed  14,000  lb. 

3  dry  vacuum  pumps  S-in.  Eiteam.  by  2(Hn.  air  by  12-ia.  atroke.    S3>136,ll 
Grout,  packing,  etc 53.99 

S3, 100. 10 

Account  9011.04 — ^Three  Circulating  Pumps  and  Engines — Cost  and  In- 
stallation. 

These  pumps  furnish  the  circulating  water  for  the  surface  condensers. 
This  account  covers  the  cost  of  the  material  listed  below  and  the  labor 
of  erecting  and  trying  out. 

3  Lobe,   18  by  20,  oyoloidal  pumps,  capacity  49.6  gaUoua 

per  rev.,  and    Three  27-iD.  flexible  oouplinge (4,425. 26 

Three    11    by   14    Kidgway,    simple    balanced,    slide-valve 

engines  for  direct  connection  to  above  pumps 4,124.60 

Grout,  packing,  etc 179.43 

$8,729.37 
Account  9011.05— Two  Exciters— Painting. 

See  account  9006.2. 
Account  9011.06— Three  Air  Pumps— Painting. 

See  accouDt  9006.2. 
Account  9011.07 — Three  Circulating  Pumps — ^Painting. 

See  account  9006.2. 
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Account  9012.01 — Two  Motor  Generators,  One  Air  Pump,  One  Circulat- 
ing "Pxanp — Foundation. 
These  foundations  are  28  ft.  by  18  ft.  by  11  ft.    In  other  respects  they 
are  similar  to  9006.01. 

Account  9012.02 — ^Two  Motor  Generators — Cost  and  bistallation. 
This  account  covers  the  material  listed  below  as  well  as  the  labor  of 
unloading,  erecting,  grouting,  wiring  to  switchboard,  and  trying  out. 

Two  160-k.w.  BynohronDUB  motor-generator  eets  to  aupply  250 

volt  d.c I«,450,16 

Conduit  and  wire 317.36 

Miscellaneous 62.81 

$6,830.33 

Account  9012.06 — ^Two  Motor  Generators — ^Painting. 
See  account  9006.2. 

Account  9013 — Transfer  Table  Pit — Concrete. 

This  is  principally  a  plain  concrete  slab,  8  in.  thick,  mixed  by  hand  in 
the  proportions  of  6  sand  and  gravel  to  1  cement.  About  10  per  cent, 
of  the  vertical  surface  was  formed.  It  was  chuted  to  the  basement 
and  wheeled  in  barrows  100  ft.  to  place. 

Account  9013.01 — Switchboard — Concrete  Compartments. 

This  is  a  concrete  switchboard,  the  large  dimeuBions  of  which  are  40  ft. 
4  in.  long,  4  ft.  wide  and  13  ft.  2  in.  high.  Down  the  center  of  the  board 
is  a  4-in.  wall  and  on  each  side  are  30  pockets  made  with  2-in.  dividii^ 
walls.  Reinforcing  was  done  with  Clinton  wire  mesh  in  the  4-in.  wall 
and  i-in.  and  |-in.  rods  were  used  elsewhere.  A  great  many  bolts 
and  insulators  were  set  in  the  board.  The  entire  board  was  cast 
sectionally  in  place,  using  5  parts  of  sand  and  gravel  to  1  part  cement. 
This  cost  includes  rubbing  down  the  concrete  with  pummice  stone  and 
filling  all  the  air  bubble  holes  and  small  voids. 

Account  9013.02 — Switchboard— Cost  and  Erection. 

This  account  covers  the  material  price  of  the  secondary  switchboard 
slabs.  The  primary  or  concrete  switchboard  construction,  however, 
is  in  account  9013.01.  Here,  too,  is  the  material  price  of  the  entire 
equipment  for  all  of  the  switchboards,  both  primary  and  secondary,  and 
the  labor  of  installing  the  same. 

Account  9014 — Steam  Pq»ing  North  and  South  Mains — Excavation. 
This  covers  the  excavation  for  numerous  piers  done  with  pick  and 
shovel  and  cast  to  one  side. 
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Account  9014.01 — Steam  Piping  North  and  South  Mains — Foundation. 

This  concrete  composes  the  piers  which  support  the  long  structural 
steel  steam  pipe  supports.  They  were  part  mixed  by  machine  and  part 
by  hand,  in  the  proportions  of  6  sand  and  gravel  to  1  cement.  About 
50  per  cent,  of  the  vertical  surface  was  fonned. 

Account  9014.02— Steam  Piping  North  and  South  Mains— Steel  Support- 
ing Structure. 

In  these  steam-pipe  trestle  supports  11.8  tons  of  corrugated  iron  and 
75.01  tons  of  structural  steel  were  used.     (See  Fig.  60.) 

Account  9014.03 — Steam  Piping  Mains,  Hangers  and  Anchws. 

This  covera  the  cost  of  material  and  making  of  all  hangers  and  anchors 
used  for  the  steam  piping  between  the  boilers  and  the  machines  in  the 
power  house.  The  haogers  were  made  of  }-in.  rods  and  )-in.  by  2|'in. 
clamps  running  around  pipe.  Anchors  were  of  same  material  fabri- 
cated to  suit  conditions  surrounding  place  used.     (See  F^.  60  and  61.] 

Account  9014.04 — Steam  Piping — Cost  and  Erection. 

Under  this  account  all  the  material  listed  below  is  costed,  t<^tber 
with  the  labor  of  its  erection.  These  pipes  run  from  the  boilers  to  the 
power  house  in  duplicate,  making  a  complete  loop  about  1,120  ft. 
around.  The  main  lines  are  10  in.  branches  from  boilers  S  in.  and 
branches  to  engines  of  suitable  size  ranging  from  4  in.  to  8  in.  All  the 
joints  are  Van  Stone,  all  valves  and  fittings  are  of  cast  steel.  The 
line  is  required  to  stand  180  lb,  pressure  with  100°  F.  superheat.  The 
gaskets  used  are  corrugated  bronze.  The  10-in.  lines  are  fitted  with 
six  10-in.  Harter  expansion  joints.     (See  Figs.  60  and  61.) 

Sis  10-ia.  Harter  expanaion  jointa (1,684. 77 

One  6-in.  cast-iron  separator 126.55 

Two   lO-in.  cast  Bteel  vertical  separatoTS 843.47 

One  lO-in.  cast  steel  horiiontal  separator 372.48 

Two  6-in.  separators  and  receivers  (bot.  outlet) 591.77 

One  5-in.  cast  steel  separator  and  receiver  (bot.  outlet). .  261.40 

Three  4-in.  cast  steel  separators  and  receivers  (bot.  outlet)  687.43 

Two  4-in.  cast  steel  separators  and  receivers  (bot.  outlet)  476.26 

Corrugated  bronze  gaskets 251.93 

Ten  S~in.  Lagonda  valves 1,315.52 

Twelve  10-in.  gate  valves 2,079.00 

Two  34-in.  and  one  33-ia.  Crane  tilt  traps 143.69 

Best  Mfg.  Co.  pipe  and  fittings '. . .  8,738.89 

Extra  pipe  and  fittings 526.18 

MiscellaneoUB 522.89 

S1S,622.25 
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Account  9011.06 — Steam  P^ing — CoTering  and  Erection. 

Part  of  this  work  was  contract  by  the  people  who  furnished  the  material 
and  part  was  force  account.  Therefore  the  material  figure  {pven  covers 
a  large  portion  of  labor.  The  total  unit  cost  ia  the  only  valuable  unit. 
The  steam  lines  and  all  fittings  were  all  covered  with  85  per  cent, 
magnesia  blocks  of  double  standard  thickness,  wrapped  with  6-oz. 
duck.     All  of  the  tine  was  then  painted  two  coats — cre&m  color. 

Account  9016 — ^Exhaust  Pipe — Cost  and  Erection. 

This  covers  the  cost  of  the  material  as  listed  below  and  the  labor 
incident  to  installing  it.  ■  Some  of  the  piping  is  cast  iron,  designed  for 
a  vacuum  of  14  lb.  per  square  inch.  The  rest  of  the  piping  is  lap- welded 
wrought  steel  with  cast-iron  fittings.  The  installation  covers  the 
three  20-in.  atmospheric  exhausts  from  the  turbines,  as  well  as  the  ex- 
haust from  the  blowers,  compressors,  exciters,  engines,  and  circulating 
pump  engines,  to  the  jet  condenser.  It  covers  likewise  the  connections 
between  the  exhaust  of  the  dry  vacuum  pumps,  exciters,  engines,  sur- 
face condenser  circulating  pumps  and  the  heater  house.  The  pipe 
ranged  in  size  from  3  in.  to  42  in. 

Three  42  by  13  Wainwright  turbine  expaneion  joints....  $666.70 

Three  20-m.  atmoBpheric  relief  valves 804.00 

Three  42-iu.  low-pressure  flanged  base  elbows 1,428.61 

Three  special  S-in.  emergency  stop  valves 234.36 

Oae  14-iD.  automaticatraosphericexhaust  relief  valve. . .  123.27 

Pipe  and  fittings 4,585.74 

Miaoellaneous 882.48 

$8,716.66 
Account  9016.01 — ^Exhaust  Hpe — Painting. 

All  exhaust  pipe  was  given  one  coat  of  green  silica  graphite  paint. 

Account  9016.06 — ^Ezhaost  Pipe — Covering  and  Erection. 

The  exhaust  pipe  from  the  engines  in  the  power  house  to  the  heater 
house  were  all  covered  with  85  per  cent,  magnesia  single  standard 
thickness,  wrapped  in  6-oz.  duck.  Where  the  magnesia  is  exposed  to 
the  weather,  it  is  wrapped  with  No.  28  galvanized  iron.  This  account 
covers  the  labor  and  material  incident  to  the  above  work.  (See 
Fig.  62.) 

Account  9016.10 — ^Ait  Piping— Cost  and  Erection. 

This  is  not  a  valuable  cost. 

Account  9016.11 — Air  IHpe — ^Painting. 

This  covers  the  painting  of  9015.01.     It  is  of  no  value. 

Account  9016.2 — Exhaust  Pipe—Foundation. 
This  covers  a  number  of  small  concrete  piers, 
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Account  9015.21 — ^Exhaust  Pipe — Supporting  Structure. 
This  account  covers  the  cost  of  a  number  of  e^aust  pipe  hangers, 
supports  and  stajpng  used  in  erecting  exliaust  pipe.    It  is  not  a  good 
cost. 

Account  9016^ — ^Ezluust  I^>e — Ezcaration. 

Account  9016~Water  Pipe— Excavation  and  Backfill. 

This  account  covers  the  excavation  of  a  trench  about  3  ft.  deep, 
through  red  clay  and  boulders,  for  a  16-in.  wood  stave  pipe  and  the 
backfill  after  the  laying  of  the  pipe. 

Account  9016.01 — Water  Pipe — Cost  and  Erection. 

This  account  covers  the  coat  of  all  the  material  listed  below  and  the 
labor  of  its  installation.  Here  is  listed  all  the  water  piping  about 
the  power  house  the  30  in.  cast  iron  suction  pipe  line  from  the  cooling 
tower  to  the  pumps;  the  20-in.  wooden  lines  from  the  pumps  to  the 
equalizing  tank;  the  16-in.  wooden  line  from  the  jet  condenser  to  ibe 
cooling  tower,  and  the  Id-in,  wooden  lines  from  the  equalising  tank 
to  the  cooling  tower;  the  12  in.  cast-iron  lines  from  the  circulating  pumps 
to  the  jet  condenser;  the  8-in.  line  from  condenser  to  condensed  water 
pump  house;  the  6-in.  line  from  condensed  pump  house  to  heater 
house,  etc.     (See  Fig.  63.) 

1998.7,  4-m,  machine  banded  redwood  pipe  with  collars.  (Not  used  at 

New  Smeltw) ^ $397.74 

364.6  ft.  20-in.  roachine  banded  redwood  pipe  with  oollarB 365.24 

1,104.2  ft.  16-b.  machine  banded  redwood  pipe  with  collars. 861 .28 

22  flanged  coupling 590.00 

Freight  on  the  above  items 632.00 

Two  12-in.  check  valves 97.00 

Four  12-in.  gate  valves 172.00 

Three  20-in.  gate  valves 283.50 

Flight  on  the  above  items 176.38 

Three  20-in.  flanged,  iron  body,  bronte mounted,  double  gate  valves.. .  403.49 

Five  No.  20  gauge  copper  plates 36.28 

Two  oastriron  bell  and  flange  fittings,  6  bell  bends SI .  11 

IVeight  and  patterns  on  above 78.00 

2201b.  doth  insertion  packii^ 91.50 

Best  Mfg.  Co.  pipe 9,668.92 

Pipe,  fittings,  misc'l  material 2,503,44 


$16,437.88 


Account  9016.02— Water  P^&— Painting. 

This  covers  the  painting  of  the  pipe  in  9016.01  that  was  above  the 
ground. 
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Feed  Wmter  HemtiiiK  PUnt 

Account  9017 — ^Excavation. 
This  covers  the  excavation  of  the  sump  and  piers,  of  the  feed  water 
heating  plant.    The  material  was  red  clay,  with  boulders  and  sand  and 
gravel.    The  work  was  done  with  pick  and  shovel,  cast  into  carts  and 
hauled  300  ft. 

Account  9017.01 — Foundation. 

This  account  covers  some  miscellaiieous  concrete  cast  as  piers,  low 
reinforced  walls,  4  in.  to  8  in.  thick,  and  floor  slabs.  The  walls  and 
slab  were  reinforced  with  j-in.  rods  on  6-in.  centers.  The  concrete 
was  hand  mixed  in  the  proportion  of  6  sand  and  gravel  to  1  cement 
and  wheeled  50  ft.  in  barrow  to  the  forms.  Seventh-five  per  cent,  of 
the  vertical  surface  was  formed. 

Account  9017.015— Reinforced  Floors  and  Stair  Treads. 

These  floors  were  cast  over  I-beams  in  the  building  structure  by  using 
forms  which  allowed  the  encasing  of  the  I-beams  with  concrete.  The  . 
st&irs  were  structural  steel  with  channel  treads.  The  treads  were 
filled  with  concrete.  The  floor  and  the  treads  were  reinforced  with 
\-,  j-  and  )-in.  rods  variously  used  and  spaced.  The  concrete  was 
hand  mixed  in  the  proportions  of  5  sand  and  gravel  to  1  cement, 
ho  sted  from  the  ground  20  ft.  to  place  by  means  of  a  small  air  hoist. 
(See  Fig.  65.) 

Account  9017.01G— Waterproofing  Concrete  Tanks. 

Thb  consisted  of  plastering  the  inside  of  the  concrete  tanks  at  the  heater 
house  with  the  following  mixture.  One  cubic- foot  cement,  2.5  cu.  ft. 
sand,  1  lb.  Medusa  waterproof  compound  mixed  with  sufficient  water. 
The  account  covers  the  labor  and  material. 

Account  9017.02— Steel  Structure. 

There  were  26.63  tons  of  structural  steel  in  this  building. 

Account  9017.021 — Distribution  and  Equalizing  Tank. 

This  account  covers  the  material  labor  of  fabrication  and  erection  of 
this  tank.  Its  dimensions  are  13  ft.  by  13  ft.  by  5  ft.  high.  It  has  8 
holes  in  the  bottom  averaging  20  in.  in  diameter.  It  is  located  on  a 
concrete  floor  base  23  ft.  off  the  ground.  The  weight  of  the  tank  is 
4,800  in.    A  material  list  shows  the  following.     (See  Fig.  69.) 

17  sheets  steel  i  in.  by  48  in.  by  120  in $192.96 

4  pieces  angle  iron  3  in.  by  3  in.  by  |in.  by  20  ft.  long 15,15 

1,110  b.m.  lumber 31.65 

Riveta,  bolts,  nuts,  etc 20.89 
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Account  9017.03— Tfle  Work. 

The  walls  were  started  on  the  concrete  floor  of  the  feed  water  beating 
plant  at  an  elevation  of  26  ft.  from  the  ground.  The  material  was 
hoisted  up  by  means  of  a  small  air  hoist.  In  other  respects  this  account 
is  similar  to  the  tile  work  elsewhere  about  the  plant. 

Account  9017.031— Unloading  Tile. 

Same  aa  0003.11. 
Account  9017.032— Coping. 

Same  as  account  8703.22. 
Account  9017.033— Sills  and  Lintels. 

The  concrete  silb  and  lintels  for  this  building  were  separately  moulded 
as  8821.3,  which  see.  The  sills  are  3  in.  by  8  in.  by  3  ft.  9  in.  and  the 
lintels  4  in.  by  8  in.  by  3  ft. 

Account  9017.034— Painting  Tile  Walls. 

The  tile  walls  were  given  one  coat  of  Bay  State  cement  paint  after  the 
small  holes  had  been  filled  and  mortar  cleaned  from  the  face  of  the 
brick. 
Account  9017.036 — Doors,  Windows  and  Frames. 

This  account  covers  the  cost  of  the  doors,  windows  and  frames  set  in 
place.     A  segregated  material  list  is  as  follows.     (See  Fig.  70.) 

3  doors  2  ft.  10  in.  by  6  ft.  10  in.  by  1  fin.  with  frames S20.86 

7  windowa,  2  ft.  Ot  in.  by  5  ft.  9  in.  by  1|  in.  with  fr&mee 59.88 

12  aets  Caldwell  aaah  b&l&noes,  n&ils,  locka,  eto 19.24 


Account  9017.04— Roofing. 

This  account  covers  the  material  listed  below,  and  the  labor  of  install- 
ing the  same.  The  wood  sheathing  was  nailed  directly  to  nailing  strips 
attached  to  the  purlins.  Tha  paper  was  laid  over  the  sheathing.  (See 
Fig.  72.) 

Two  166  b.m.  2  by  8  Or^on  pine  81S1E M7-60 

10  squares  aabestoa  roofing 49.00 

Miscellaneous 13.28 

$109.88 
Account  9017.046— Ventilators. 

This  account  covers  the  material  used  to  make  two  3  ft.  6  in.  diameter 
ventilators,  and  the  labor  of  installing  one.  The  ventilators  were  made 
of  No.  18  gauge  galvanized  iron.     (See  Fig.  71.) 

Account  9017.06 — Treating  Tank — Concrete. 
This  is  a  concrete  tank  8  ft.  in  diameter  by  31  ft.  3  in.  high,  with  a  oon- 
ical  bottom,  the  tank  is  set  directly  upon  the  px)und.    The  concrete 
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was  mixed  by  band  5  parts  saad  aod  gravel  to  1  cement,  and  hoisted 
to  place.  The  wall  of  the  tank  is  5  in.  thick  suitably  reinforced  in  both 
directions  with  j-in.  rods.  Two  sets  of  fonns  were  used  each  3  ft. 
3  in.  high.  This  cost  covers  all  the  materia!  and  labor  of  building  this 
tank  save  the  waterproo6ng  in  9017.016.  (See  Fig.  68.) 
Account  9017.06— Receiving  Tank  No.  1. 

This  is  a  concrete  tank  6  ft.  6  in.  high  with  S-in.  walls,  suitably  rein- 
forced in  both  directions.  The  tank  rests  on  a  concrete  floor  about  23 
ft.  from  the  ground.     The  concrete  details  are  the  same  practically  as 

9017.05.  (See  Fig.  67.) 

Account  9017.07— Receiving  Tank  No.  2. 

This  concrete  tank  is  12  ft.  in  diameter,  6  ft.  high,  with  5-in.  reinforced 
wall,  supported  on  reinforced  concrete  columns  7  ft.  h^h.  The  column 
are  here  included.     In  other  respects  the  tank  account  is  similar  to 

9017.06.  (See  Fig.  66.) 
Account  9017.08— Calibrating  Tanli. 

This  account  covers  the  material,  fabrication,  and  cost  of  erecting 
the  following  tank: 

1  tank  54  in.  higl),  6  ft.  dutmeter,  of  S^-in.  plate. 
Account  9017.081— Tinging  Meter. 

This  account  covers  the  cost  of  material  as  listed  below  and  the  fabri- 
cation and  erection  of  the  same.  The  tipping  meter  ia  set  directly 
over  No.  2  receiving  tank,  in  a  wood  frame  attached  to  the  top  of  the 
tank.    The  meter  is  shown  in  sketch  No.  136. 

Lumber,  2  bjr  4'b,  6  b7  8'b,  etc.,  876  b.m $24.47 

G&lvaniMd  iron  No.  10  and  Mo.  12 112.03 

2  by  2  by  i  angle  iron 3.69 

One  6  wbeel  revolution  counter 34.74 

Bolta,  washers,  nails,  eta 52.57 

J227.50 
Account  9017.09— Heater  and  Recorder. 

This  account  covers  the  material  listed  below  and  the  labor  of  in- 
stalling it  on  the  concrete  floor  of  the  feed  water  heating  plant,  26  ft. 
off  the  ground.  The  magnesia  blocks  are  the  covering  for  the  heater. 
Factory  Freight  Clifton 
1  No.  760  Cochrane  feed  water  baat«r  and  Koeiver  1776.75    S204.48      $081.23 

1  Wainwright  closed  feed  water  heater 775.00        74.64        849.04 

One  6-in.  Lea  recorder  and  extra  float  valve 589.00      123,51        712.81 

One  6-in.  float  for  receiving  tank  No.  2 44.60 

600  sq.  ft.  magnesia  blocking  1}  in.  thlt^ 161 .03 

300  Lb.  magnesia  cement 22.53 

Mifloellaneous 42.30 

S2,813.84 
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Account  9017.1— Sewer  Excavation  and  Backfill. 

This  was  a  long  trench  atxtut  3  ft.  deep  through  red  clay  and  boulders. 
Both  excavation  and  backfill  are  here  taken  care  of. 

Account  9017.11— Sewer  Pipe— Cost  and  Lajring. 

This  covers  the  cost  of  100  ft.  of  24-in.  vitrified  sewer  pipe,  cement 
and  miscellaneous  material,  together  with  the  labor  of  laying  the 
same. 

Account  90171.2— Lighting. 

This  covers  the  cost  of  wiring  for  lights  in  the  feed  water  beatang 
plant. 

Account  9017.13 — Painting. 

This  covers  the  cost  of  painting  the  underside  of  the  roof,  doors,  all 
frames,  and  window  sash.  It  was  done  with  two  coats  of  white  lead 
and  linseed  oil,  cream  color. 

Account  9017.14— Wood  Walkway  and  Tank  Covers. 

This  covers  the  cost  of  material  and  its  installation  as  listed  below: 

I  tank  cover  1  by  6  OP.  SISIE 
raiU  2  by  3  and  3  by  3  S4S 
sills,  2  by  8  ROP  W  in. 
oentera  on  tank 
walkwBja  2  by  8  O.P.  SlSlE 

Account  9017.115— Alterations. 

Condensed  Water  Pump  House 

Account  9017.20— Excavation. 

This  was  a  side  hill  cut.  It  includes  a  backfill  made  later  inside  the 
building  foundation  for  a  concrete  floor  base.  The  excavation  was  Id 
red  clay,  with  boulders  and  sand  and  gravel.  It  was  done  with  pick, 
shovels  and  wheelbarrows.  ■ 

Account  9017.21 — ^Foundation. 

This  concrete  was  cast  as  the  walls  of  some  square  tanks.  It  was 
reinforced,  mixed  by  hand  in  the  proportions  of  5  sand  and  gravd  to 
1  cement.  One  hundred  per  cent,  of  the  vertical  surface  was  formed. 
(See  Pigs.  73  and  74.) 

Account  9017.2— Floor. 

This  concrete  covers  the  small  building  walls,  large  side  hill  wall,  floor 
slab  and  tank  bottom.  Three-eighth  inch  and  three-fourth  mcb  rods 
were  used  as  reinforcing.  One  hundred  per  cent,  of  the  vertical  sur- 
face was  formed.  Hand-mixed  concrete,  5  sand  and  gravel  to  1 
cement,  was  used. 
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Account  9017.24 — ^Doors,  ^V^dows  and  Frames. 
This  account  covera  the  cost  of  material  below  with  its  installation 
2  windows  2  ft.  Of  in.  by  1|  ia.  glaced,  with  factory  ribbed  gUsa.       S6.61 

2  frames  for  above 9.28 

1  door  2  ft.  10  in.  by  6  ft.  10  in.  by  1|  in 3.02 

1  doorframe 3,87 

«22.es 
Account  9017.242— TUe  Work. 

This  covers  the  cost  of  tile,  mortar,  mason  and  carpenter  labor  a 
hauling.    The- tile  was  handled  400  ft. 

Account  9017.243~-Coping. 

Same  as  8703.22.' 

Account  9017.26— Roof . 

This  account  covers  the  material  entering  into  the  roof  frame,  as  w 
as  the  sheathing  paper  and  labor  of  installing  the  same.    The  raft<  : 
were  2  by  10,  with  2  by  8  sheathing  tongued  and  grooved,  covered  wi  : 
asbestos  paper.     (See  Fig.  75.) 

984 ft.  b.m.  lumber $33. W 

5  rolls  asbestos  composition  roofing  paper 24 ,  50 

Nails,  etc 2.84 

$60.83 
Account  9017.2&~Piui^  and  Piping. 

This  account  covers  the  purchase  price  of  the  material  listed  below  be 
the  entire  labor  cost  required  in  installing  the  same. 

2  Goulds  Mo.  2)  single  stage,  single  side  suction,  centrifugal  pumps, 
arranged  for  direct  conaecttoa,  capacity  of  pump  200  gallons 
per  minute,  against  80  ft.  head 

Two  10-h.p.  induction  motors,  1,710  r.p.m.,with  starters 

Qrouting,  pipea,  fittings,  valves,  etc 


Account  9017^— Lighting. 

This  covers  the  lighting  of  the  condensed  water  pump  house. 

Power  Honso  HiscolUneouB  Accounts 

Account  9018.1 — ^Power  and  Lighting  Transformers. 

This  account  covers  the  material  as  listed  below,  with  the  labor  cbargi 
of  installing  the  same,  the  labor  of  unloading,  erecting,  connectinj 
up,  drying  out,  and  testing  the  transformers  noted.  These  are  locatec 
in  the  basement  of  the  power  house. 
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2  Burke  air  break  switches 1134.97 

Four  200-k.T.a.  transformer,  13,200-volt,  440-volt 2,999.80 

Two  20-k.v.a.  transformera,  440-volt,  220-rolt 304.40 

One  20-k,v.a.  transfonner,  440-volt,  llO-voIt 152,18 

Freight  on  transtormors 90.48 

Wire,  conduit,  electrioal  material 614.04 

Transfonner  oil 282.34 

Miaoellaueous 136.12 

S4,714.33 
Account  9019— Lighting. 

This  account  covers  the  material  and  labor  of  installing  the  lightinfc 
in  the  power  house.     The  work  was  all  in  conduit. 
Forty-eight  250-watt  tungstens  with  reflector. 
Forty-sis  16-o,p,  carbon  lamps. 
610  ft.  Ihin.  oonduit  with  weatherproof  wire  No.  12. 
1,710  ft--  1-in.  oonduit  with  No.  12  weatherproof  wire. 
26  ft.  breww-f  «ord. 

Account  9020 — Power  House  OiUng  System. 
This  covers  the  cost  and  labor  of  installii^  the  poww  house  oiling 
system.  Two  60-gallon  feed  tanks  are  so  located  that  the  oil  is  piped 
to  all  the  engines  by  gravity.  The  waste  flows  to  a  water  separate-, 
thence  through  filters  into  a  closed  tank,  from  whence  by  ur  pressure 
it  is  forced  up  to  the  feed  tanks. 
Account  9021 — ^Benches,  Bolt  Racte,  Etc. 

Under  this  account  were  built  a  number  of  benches,  a  rack  for  bolU, 
a  telephone  booth,  wrench  board,  and  a  number  of  miscellaneouB  car- 
penter jobs  about  the  power  house  including  the  replacing  of  about  50 
broken  panes  of  glass.     The  material  account  stands  as  follows: 

Ceiling  lumber (8.23 

Common  lumber 31.24 

Grass 6.39 

Miscellaneous 5.94 

151.80 
Account  9022— lostruinents  and  Gauges. 

This  account  covers  the  purchase  price  of  the  following  material,  and 
the  labor  of  installing  the  same: 

3  TagliabuB  vacuum  gauges S92.5S 

10  Tagliabue  thermometers 92.85 

1  vacuum  gauge 30.86 

1  Bristol  pressure  gauge 25.30 

1  Bristol  gauge 22.95 

1  Bristol  gauge 21 .35 

1  clock 46.63 

Miscellaneous 10.54 

S343.06 
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Cocding  Tower 

Account  9050 — Excavation. 
This  excavation  entailed  the  making  of  a  surface  cut  and  two  long 
trenches.    The  material  encountered  was  red  clay  filled  with  caliche. 
It  was  done  with  pick  and  shovel  and  handled  in  carta  and  wheel- 
h&Ttowa. 

Account  9050.01  Backffll. 

This  backfill  was  made  to  bring  the  ground  up  to  proper  level  for  the 
cooling  tower  floor.  Fresnos  and  scrapers  were  used  to  transport  the 
dirt  which  was  tamped  in  4-in.  layers. 

Account  9061— Foundations— Siunps  and  Gutters. 

This  concrete  was  cast  as  a  large  number  of  piers  about  1  ft.. by  1  ft. 
by  4  ft.  as  a  sump  35  ft.  by  10  ft.  by  13  ft.  with  reinforced  walla  8  in. 
thick,  and  as  two  gutters  626  ft.  long,  in  cross  section  about  3  ft. 
by  3  ft.  having  4-in.  reinforced  concrete  walls.  The  concrete  was  hand 
mixed;  for  the  piers  7  aand  and  gravel  to  1  cement;  for  the  futters 
and  sump,  5  sand  and  gravel  to  1  cement.  In  the  sump  f-  and  |- 
in.  rods  were  used  and  in  the  gutters  ^-in.  The  vertical  surfaces 
of  all  the  above  were  100  per  cent,  formed.     (See  Fig.  107.) 

Account  9051.02— Floor. 

Between  the  gutters  of  the  cooling  tower  is  a  reinforced  concrete 
slab  about  28  ft.  6  in.  by  600  ft.  by  4  in.  thick.  Clinton  wire  cloth 
86  in.  wide  with  a  4  in.  by  4  in.  mesh  was  used.  No  top  finish  waa  used 
but  the  concrete  was  straight  edged  and  troweled.  It  was  mixed  by 
hand,  5  sand  and  gravel  to  1  cement,  and  wheeled  150  ft.  to  place, 
in  barrows.     (See  Fig.  107.) 

Account  9051.03 — Waterproofing  Concrete. 

See  account  9017.016. 

Account  9052— Woodwork. 

The  tower  is  built  of  wood  and  is  626  ft.  long  35  ft.  6  in.  wide  at  the 
ba^,  by  20  ft.  6  itr.  high.  Sketch  No.  76  shows  the  design  in  other 
particulars. 

Account  9063 — Alterations, 

Oil  Supply  Sump  and  Pump  House 

Account  9060— Excavation. 
This  excavation  consbted  of  two  deep  cuts  through  red  clay  and 
boulders  into  sand  and  gravel.    The  work  was  done  with  plow,  slips, 
picks  and  shovels. 
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Account  9060.01 — Coocrete. 
This  covers  the  making  of  a  covered  reinforced  concrete  sump,  the 
gener&l  dimenaions  of  which  are  5  ft.  by  10  ft.  by  140  ft.  with  walls 
8  in.  thick — top  and  bottom  slab  5)  in.  thick,  also  a  pump  house 
about  20  ft.  by  20  ft.  by  20  ft.  high,  with  walls  10  in.  at  top  and 
20  in.  at  bottom.  The  walls  were  reinforced  with  1-in.  rods  and  the 
sump  with  j-in.  rods  properly  placed.  The  concrete  was  machine 
mixed  in  the  proportions  of  5  sand  and  gravel  to  1  cement,  wheeled  in 
barrows  an  average  of  125  ft.  About  80  per  cent,  of  the  vertical 
surface  was  formed.     (See  Fig.  37.) 

Account  9060.02— Pumps. 
This  account  covers  the  cost  of  the  following  material  and  its  erection 
in  the  pump  house. 
Two  5  by  S  Aldrioh  vertical  triplex,  sii^e-Koting  pumpe,  3?  r.p.m. 

with  metallic  padting 11,597.91 

Two  lO-h.p.  induction  motora,  Bquirrel-cftge,  3-phaae,  60-cycle,  440- 

volt,  860-r.pjn 287.22 

2  auto  starters  

2  overload  releaaea  calibrated  from  6  to  18  ampere  per  terminal 124.36 

Miscellaneous 26.09 

$2,035-58 
Account  9060.03— Inlet  P^ing  to  Sump. 

This  covers  the  cost  of  the  foUowing  material  and  its  installation 
between  unloading  tracks  and  the  oil  sump.     (See  Fig.  38.) 

Six  lO-in.  wrouvht  pipes  18  ft.  long S85.54 

Six  10-in.  cast-ima  cells 38.64 

Misoelloneaus 2.37 

$126.55 
Account  9060.44— Lighting. 

This  covers  the  cost  of  material  and  the  labor  of  installing  four  drop 
lights  in  the  pump  house. 
Account  9060.06— Roof  Steel  Work. 

This  covers  the  cost  of  the  following  material  and  the  labor  of  instalUoK 
it.     (See  Pig.  39), 

1,876  lb.  10-in.  I-beams 
320  lb.    8-in.  I-beuDs 
Account  9060.06 — Doors,  Windows  and  Frames. 
This  covers  the  cost  of  the  following  material  and  the  labor  of  installing 
it  in  the  pump  house.     (See  Fig.  41.) 

4  aaah,  3  ft.  by  2  ft.  6i  in.  by  1|  in $17.79 

2  aaah,  3  ft.  by  4  ft.  by  1|  in 14.06 

2  sash,  2  ft.  6  in.  by  4  ft.  by  U  in 12.13 

Lumber  for  doors  and  all  frames 12.69 

Hardware 8.36 
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Account  9060.07— Roof . 

This  covers  the  cost  of  the  roof  material  as  given  below  with  the  labor 
of  placing  the  same.  The  "  fayrib"  was  placed  upon  the  steel  of  9060.05 
wired  in  place,  covered  with  2  in.  of  concrete,  5  sand  and  gravel  to  1 
cement,  and  plastered  on  top  and  bottom,  with  I  part  cement,  3  sand, 
^  hydrated  lime.  Later  it  was  covered  with  PandB  roofing,  see  9003.52. 
(See  Fig.  39). 

784  ft.  No.  24  "hyiib" $77.41 

Tequares  P  and  fi  roofing 48.39 

CoDcrete  plaster  material 3A.S6 

SI  62. 66 
Account  9060.076 — ^Ventilators. 

This  covers  the  cost  of  material  in  the  making  and  placii^  of  two 
ventilators  shown  in  Fig.  40. 

I  ventilator  is  18  in.  diameter,  40  ft.  high  made  of  No.  20  galvaniied  iron,  luong 

130  ft.  i-m.  guy  wire. 
1  ventilator  ia  18  in.  diameter,  11  ft.  high,  made  of  No.  20  gauge  galvanised  iron. 

Two  500,000  OaUon  OU  Tanka 

Accoimt  WXO,10~Wnc3dng  and  Tranqwrtation. 
This  account  covers  the  labor  and  material  incident  to  taking  down  at 
Lordaburg,  New  Mexico,  and  transporting  to  Cliftoa,  two  500,000- 
gal.  oil  tanks  which  bad  been  in  use  there.  The  labor  item  is  the 
coat  of  tearing  down  and  loading  these  tanks.  The  material  item  is 
the  freight  on  the  tanks  between  Lordsbuig  and  Clifton. 

Account  9060.11— Excavation. 

This  account  covers  the  making  of  a  top  slice  to  prepare  the  site  for  the 
foundation  of  the  two  500,000-gal.  oil  tanks.  It  was  done  with  plow, 
slips,  pick  and  shovel  and  handled  150  ft. 

Account  9060.12— Foundation. 

This  concrete  was  cast  as  two  low  circular  walb,  1  ft.  thick  and  2  ft. 
deep,  62  ft.  in  diameter.  It  was  mixed  by  machine,  8  parts  sand 
and  gravel  to  I  cement,  reinforced  with  two  |-iQ.  rods  and  hauled  to 
place  150  ft. 

Account  9060.13— Erection. 

This  covers  the  erection  of  the  two  500,000-gal.  tanks,  part  on  force 
account  by  the  Kansas  City  Structural  Steel  Co.  and  pait  by  the 
Arizona  Copper  Co.  It  likewise  covers  the  cost  of  givii^  them  one 
coat  of  paint,  testing  them  out,  and  caulking.  Here  too  are  the  material 
prices  of  the  ventilators  and  gauges.  The  tanks  were  60  ft.  in  diameter 
and  25  ft.  high.     (See  Fig.  42.) 
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Account  9060.131— Roof  Supports. 

This  account  covers  the  cost  of  the  material  and  labor  of  inat^lling  the 
same,  used  for  supporting  the  sheathing  over  the  two  tanks.  This 
material  amounts  to  10,000  ft.  board  measure  for  the  two  tanks. 
(See  Figs.  42  and  43.) 

Account  9060.132— Sheathing,  I^th  and  Plaster. 
Over  the  roof  supports  l-in.  sheathing  was  laid.  On  this  No.  27 
p^ted  expanded  metal  lath  was  placed  and  plastered  with  a  mixture  of 
1  cement  to  3  sand,  which  was  waterproofed  with  hydrated  lime. 
Each  tank  has  a  cornice  which  ventilates  by  screened  openings  through 
its  bottom.     (See  Figs.  42  and  13.) 

Account  9060.14r— Railroad  Grading. 

Along  each  side  of  the  oil  sump  a  large  rwlroad  grade  was  made.  This 
account  covers  it. 

Account  9060.16— Track  Laying  and  Ballasting. 
On  the  grade  mentioned  in  9060.H  the  following  track  was  laid.     The 
account  covers  the  material  and  labor  of  laying  and  ballasting. 

802  white  oak  ties S852.60 

1  No.    8  fr(^ 158.39 

Mbceltaneous  track  fasteninga 82.00 

tl,092.99 
Account  9060.16-~OiI  Track  Bumpers. 

This  account  covers  the  labor  and  mato^al  incident  to  making  and 
putting  in  place  two  biunpera  at  the  ends  of  the  tracks  on  each  side  of 
the  oil  simip.    The  material  is  divided  thus: 

Lumber 98.52 

Iron  bolts,  nuts,  etc 39.40 

H7.92 
Account  9060.17— Bridges  over  Wood  Pipe. 
This  covers  four  wooden  bridges  entirely  buried  in  the  fill  over  a  number 
of  wooden  pipes.    They  were  placed  hereto  avoid  the  constant  breaking 
of  the  pipes.    The  excavation  and  backfill  are  here  included.     (See 
Fig.  44.) 

Lumber S70.O2 

Bolts,  etc 17. 12 

$87.  U 
Oil  Supply  Tanks  for  Rererberatoriea  and  Boflers 

Account  9060.20— Excavation. 
This  covers  a  deep  cut  for  a  retaining  wall.    It  was  in  sand  ajid  gravel 
and  made  with  pick  and  shovel.    The  material  was  hauled  300  ft. 
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UNIT  CONSTBUCTION  COSTS  1649 

Account  9060.21— Foundation. 

This  covers  the  concrete  in  a  reinforced  wall  about  60  ft.  long,  8  in. 
at  top,  18  in.  at  bottom  and  16  ft.  high;  ^-in.  and  f-in.  rods  were 
used  for  reinforcing.  The  concrete  was  machine  mixed  5  sand  and 
gravel  to  1  cement  and  wheeled  75  ft.  in  barrows  to  place.  One 
hundred  per  cent,  of  the  vertical  surface  was  formed. 

Account  9060.22— Cost  and  Erection. 

This  covers  the  cost  of  eight  163-bbI.  steel  oil  tanks,  with  roofs  and 
ventilators,  erected  on  their  foundations. 

Account  9060.23—Piping. 

This  covers  the  material  aod  labor  cost  for  785  ft.  of  piping,  varying 
in  size  from  1  in.  to  6  in.  diameter.    Here  are  also  included  the  fittings 
and  valves.    The  piping  connects  the  tanks  with  the  pumps. 
Account  9060.40 — Piping  Excavation. 

This  includes  all  the  trenching  and  backfilling  incident  to  the  oil 
lines   from   the  500,000-gal.  oil  tanks  to  the  small  163-bbl.   tanks. 
The  trenches  were  2  ft.  wide  and  about  3  ft.  deep  on  the  average. 
Account  9060.41 — ^Pipe  and  Laying. 

This  account  covers  the  cost  of  the  pipe  enumerated  below  and  the 
labor  of  laying  it. 

172  ft.  12-in.  wrought-iron  pipe 

270  ft.  16-in.  wrought-iron  pipe 

SSO  ft.    8-in.  wrought-iron  pipe 

606  ft.    2i  in.  wrought-iron  pipe 

1,888  ft.  total 
A  16-in.  line  runs  from  oil  sump  to  pump  house,  also  from  pump 
house  to  storage  tanks.    The  8-in.  tine  runs  from  pump  house  to  the 
163-bbl.  tanks.    The  2}-in.  line  runs  from  the  wilgus  oil    pumps 
to  each  of  the  reverberatories. 
Account  9060.B— Heating  Installation. 

This  account  covers  the  material  noted  below  and  the  labor  required  to 
install  the  siame.  Thb  2i-in.  steam  line  is  tapped  off  the  steam 
line  at  the  power  bouse,  run  under  ground  through  conduit  and  is 
packed  in  asbestos  fiber.  At  the  other  end  the  pipe  connects  with 
a  cast-iron  oil  heater. 

1    cast-iron  oil  heater S303.82 

1  No.  33  Crane  tilt  trap 35.91 

280ft.  8-in.  conduit 647.49 

Aabestofl 29.00 

'    2i-in.  pipe,  fittii^,  etc  151 .  82 
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Draming  Kerr  Lalte 

BT  BOBBRT  LIVBRUOBB,  COBALT,  ONT.,  CANADA 
(Silt  Like  Maetinc  Anciut,  1914) 

It  has  been  a  noteworthy  feature  of  the  Cobalt  camp,  that  many 
of  the  valuable  ore  deposits  have  been  covered,  wholly  or  in  part,  by  Bmall 
but  usually  deep  lakes,  such  as  Cobalt,  Cart,  and  Peterson  lakes,  and  with 
the  subject  of  this  article,  Kerr  lake.  In  the  early  days  of  the  camp 
many  water-covered  areas,  which  have  since  been  found  to  be  valuable, 
were  ignored,  or  neglected  by  owners,  or  simply  perfunctorily  staked  for 
water  rights.  Kerr  lake  is  probably  the  evidence  of  a  fault  or  sharp  fold, 
having  a  general  east  and  west  strike,  and  containing  a  series  of  ore-bear- 
ing fissures,  parallel  generally  to  the  strike,  although  having  some  notable 
exceptions  to  the  general  rule. 

On  the  north  side  of  Kerr  lake  the  formation  is  of  diabase,  while  on 
the  south  side  it  is  of  Huronian  slates  and  conglomerates.  These 
HuronJan  measures  extend  out  under  the  lake,  dipping  gently  to  the  north 
to  a  lateral  distance  not  yet  definitely  determined,  owing  to  the  lack  of 
development  under  the  deepest  parts  of  the  lake.  Probably  the  contact 
between  the  diabase  and  Huronian  or  else  between  the  former  and  the 
underiying  Keewatin  formation  occurs  somewhere  near  the  center  of 
the  lake. 

Kerr  lake  originally  covered  45  acres.  Of  this  the  Kerr  Lake  Mining 
Co.  owned  12,  the  Drummond  Mine,  7,  and  the  Crown  Reserve  Mining 
Co.  the  remainder  of  26  acres.  Since  the  latter's  property  was  originally 
entirely  under  water,  it  was  necessary  for  the  owners  to  make  land  for 
buildings  and  shaft  room.  Accordingly,  In  1908,  a  trench  was  blasted 
out  which  deepened  the  outlet,  and  lowered  the  lake  8  ft. 

As  many  of  the  rich  veins  of  the  Crown  Reserve  and  Kerr  Lake 
companies  were  under  water,  mining  was  pursued  under  some  dis- 
advantages. Fortunately  the  rock  is  tight  and  solid,  and  mining  has 
been  done  sufficiently  far  from  the  surface  to  avoid  unnecessary  risk. 
Nevertheless,  there  was  always  danger  of  encounterii^  open  seams, 
through  which  too  large  a  flow  of  water  for  comfortable  working  might 
come.  Careful  soundings  were  made  over  the  veins,  by  means  of  steel- 
shod  pipe,  through  mud  and  water  to  bedrock,  but  there  was  sometimes 
an  element  of  uncertainty  as  to  whether  actual  bedrock  had  been  reached. 
Furthermore,  the  necessity  of  leaving  safe  backs  between  workings  and 
lake  tied  up  large  quantities  of  ore,  and  made  development  in  certain 
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plishment,  but  owii^  to  various  difficulties,  both  of  an  engineering  nature, 
and  of  securing  agreement  between  the  various  companies  affected,  did 
not  come  to  fruition. 

Crown  Reserve  and  Ken  Ia^  Companies  Undertake  Dewatering  of  Lake 

Durit^  the  summer  of  1912,  the  Crown  Reserve  and  Kerr  Lake  com- 
panies gave  serious  thought  to  the  subject,  and  came  to  the  conolu^on 
that  if  the  dewatering  were  to  be  done,  it  could  beat  be  accomplished 
by  pumping  rather  than  by  an  earlier  plan  of  tunneling,  both  on  the  score 
of  simplicity  and  expense.  Preliminary  surveys  were  made  over  the 
route  the  water  was  to  follow,  viz, — ^through  the  Kerr  lake  outlet,  to 
Glen  and  Giroux  lakes,  and  thence  by  the  outlet  stream  of  the  tatter 
to  the  Montrefd  river,  a  total  distance  of  8  miles. 

In  April,  1913,  an  act  of  Farhament  permitted  the  draining  of  such 
bodies  of  water  as  were  an  obstruction  to  minii^  operations,  which  act 
removed  one  of  the  hindrances  hitherto  existing  to  this,  and  similar 
plans;  and  in  May,  1913,  the  purchase  of  the  7  acres  owned  by  the 
Drummond  interests,  under  Kerr  lake,  removed  the  last  vital  objection 
to  the  undertaking.  Permission  was  granted  by  the  mining  commissioner 
in  May,  1913,  and  work  was  begun  at  once. 

Kerr  lake  at  this  time  covered  an  area  of  30.35  acres  having  been  re- 
duced from  the  original  area  of  45  acres  by  the  work  of  the  Crown  Re- 
serve Co.,  above  mentioned,  and  by  fiUii^  in  by  the  waste  dumps  of 
the  two  companies.  Of  the  total  area  18.5  acres  belonged  to  the  Crown 
Reserve,-6.54  to  Kerr  Lake,  and  5-31  acres  formerly  of  the  Drummond 
Mine,  to  the  two  first-named  companies  jointly. 

There  are  no  inlets  of  importance  in  Kerr  lake,  and  its  one  outlet 
carried  off  water  running  at  the  rate  of  300  gal.  per  minute  in  tSe  freshet 
season  to  nothing  in  the  dry  season.  It  was  not  thought  that  the  lake 
was  spring  fed  to  any  extent,  but  that  it  maint^ed  its  level  simply 
from  rain  and  melting  snow.  Soundings  had  established  its  greatest 
depth  at  100  ft.,  nearly  20  of  which  was  soft  mud.  It  was  estimated 
that  the  lake  contained  400,000,000  gal.  of  water  and  liquid  mud  in  all. 
In  any  plan  for  dewatering,  the  mud  had  to  be  taken  into  account,  as  a 
lai^e  deposit  of  this  left  behind  would  leave  parts  of  the  exposed  surface 
in  as  bad  shape  as  ever  for  mining  purposes. 

Pipe  Line  Direct  fTom  Kerr  to  Giroux  Lake 

It  had  been  planned  in  the  first  surveys  to  pump  the  water  through 
the  old  outlet,  whence  it  would  run  through  natural  channels  by  Glea  aad 
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BiiDpLe  and  leasibie  plan  lor  tne  water  only,  tne  problem  involved  by  tne 
proper  disposal  of  the  mud  prevented  its  adoption.  Hence  the  final 
surveys  were  run  in  a  direct  line  from  Kerr  to  Giroux  lake.  A  pipe  was 
to  take  the  water  over  this  line,  crossing  the  Kerr  Lake  property,  the  town- 
ship highway,  the  tracks  of  the  Temiskaming  &  Northern  Ontario  Rail- 
way, and  several  rights  of  way  of  power  and  compressed-air  lines,  before 
entering  Giroux  lake.  The  greatest  elevation  of  the  line  above  Kerr  lake 
was  53  ft.,  and  the  linear  distance  from  lake  to  lake,  2,400  ft.  The 
difference  in  elevation  between  the  two  lakes  was  20  ft.  Giroux  lake 
■covers  about  230  acres,  and  is  of  great  depth,  with  an  ample  outlet,  so 
that  the  disadvantages  and  objections  of  possible  blocking  of  channels  and 
flooding  of  other  properties  met  with  in  the  original  plan,  were  done 
away  with. 

The  problem  which  then  presented  itself  was  the  installation  of  a 
pumping  plant  capable  of  handling  both  water  and  an  indeterminate 
amount  of  solids  against  a  static  head  varying  from  53  ft.  at  the  start 
to  153  ft.  at  the  end  of  operations,  when  the  lake  should  have  been  com- 
pletely drained,  through  a  pipe  line  large  enough  to  eliminate  the 
friction  factor  as  much  as  possible,  yet  small  enough  to  give  sufficient 
velocity  to  mud-laden  water.  Allowing  an  ample  friction  factor,  it  was 
estimated  that  the  total  static  and  dynamic  head  would  approximate  185 
ft.  The  pumping  plant,  further,  must  have  a  variable  base  since  the  shore 
line  would  be  constantly  changing,  and  the  pumps  must  have  a  great 
range  of  action  to  maintain  an  even  flow  of  liquid  of  changing  density 
against  an  ever  increasing  head. 

Pumpg  Placed  on  Scow 

On  account  of  the  steep  and  irregular  shore  and  bottom  of  the  lake, 
and  the  cumbersome  nature  of  the  machinery,  a  plant  mounted  on  a 
movable  baee  ashore  presented  obvious  disadvantages,  so  it  was  decided 
to  place  the  pumps  upon  a  scow.  This  scow  was  to  be  kept  near  the 
shore  because  if  anchored  in  mid-lake  a  good  many  pontoons  would 
have  been  necessary  to  support  the  heavy  pipe;  also,  since  flexibility  of 
the  pipe  line  at  some  point  was  essential,  on  account  of  the  changing 
level,  it  would  have  been  difficult  to  anchor  both  scow  and  pontoons  so  . 
as  to  be  flexible  enough  and  yet  not  too  susceptible  to  wind  and  move- 
nlent  of  the  waters.  Further,  constant  changing  of  mooring  cables  at 
many  points  would  have  been  necessary  as  the  level  of  the  take  changed. 

Since  the  Kerr  Lake,  Crown  Reserve,  and  the  neighboring  Drummond 
(now  Cobalt  Comet)  mines  all  took  their  water  supply  from  Kerr  lake, 
the  plans  included  the  erection  of  an  auxiliary  water-supply  pumping 
plant  on  Giroux  lake,  large  enough  to  fill  all  needs  of  the  companies 
concerned. 
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bility,  rigid  construction,  tight  draft,  and  carrying  capacity  up  to  70 
tons  displacement  were  all  essentialj  and  were  taken  into  account  in  the 
plans. 

The  hull  was  built  of  Western  fir  throughout,  dimensions  over  all  be- 
ing 40  by  20  ft.,  depth  of  sides  4  ft.,  and  dimensions  of  bottom  31  ft.  6  in., 
allowing  a  4  ft.  3  in.  overhang  at  bow  and  stern.  For  the  bottom,  3-in. 
piaoks  liud  lei^hwise  were  used;  across  these  other  3-in.  planks  were  laid 
at  2  ft.  3  in.  centers  as  sills  for  the  uprights  supporting  the  deck  timbers. 
The  boat  was  divided  longitudinally  into  three  sections;  the  sides,  the  cen- 
ter, aod  the  two  intermediate  divisions  of  the  framework  were  built  of  6  by 
6  in.  timbers  at  top  and  bottom,  each  division  spaced  4  ft.  9  in.  apart. 
The  uprights  were  6  by  6  in.  posts  set  on  the  bed  planks  at  2  ft.  3  in.  centers 
and  bolted  to  the  longitudinal  timbers.  The  deck  beams,  also  6  by  6  in., 
rested  on  the  latter  at  2  ft.  3  in.  centers,  and  were  bolted  to  them  and  to 
the  supporting  posts.  Deck  and  sides  were  of  3-in.  plank  laid  lengthwise, 
and  spiked  and  bolted  to  the  frame.  A  2-in  flush  was  given  to  the  deck, 
and  hatches  provided  fore  and  aft  for  entrance  to  the  hold.  The  whole 
boat  was  thoroughly  calked  with  tar  and  oakum.  Two  anchoring  spuds 
were  placed  at  each  side  of  the  stem,  for  holding  the  scow  firmly  agunst 
the  thrust  of  the  pumps.  These  were  16  by  10  in.  fir  timbers,  30  ft.  long, 
iron  shod,  and  held  in  place  by  guides  14  by  10iii.,which  were  tied  by  iron 
rods  to  each  other  above  and  below  water.  The  spuds  were  raised  and 
lowered  by  rack  and  pinion  with  spoke  attachment.  Beside  the  spuds 
{-in.  wire  hawsers  were  provided,  to  connect  with  shore  at  each  comer  of 
the  scow.  In  practice  it  was  found  that  on  account  of  the  shifting 
nature  of  the  mud,  and  the  difficulty  of  finding  firm  bottom  for  the  spuds, 
the  hawsers  were  more  useful,  and  with  the  aJd  of  small  yacht  capstans 
set  up  on  the  boat  and  on  shore,  were  ample  to  hold  the  scow  in  any 
desired  position. 

After  launching,  which  was  accomplished  without  trouble,  by  jacking 
up  the  boat  to  the  proper  angle,  and  placing  greased  ways  beneath, 
it  was  towed  to  the  east  end  of  the  lake  and  ballasted  with  about  10  tons 
of  bagged  gravel.  A  temporary  crane  was  rigged  on  deck  for  handlin 
the  pumps,  motors,  and  heavier  pipe  and  valve  fittings,  which  were 
hauled  by  wagon  from  the  cars,  and  shipped  on  board  at  this 
point.  The  pumps  and  motors  were  assembled  on  their  base,  the  bed 
plates  of  each  unit  bolted  through  8-in.  ^Is  to  the  deck,  and  the  pipe  and 
valve  connections  between  the  pumps  made.  The  scow  was  then  towed 
back  to  the  yard  for  housing  and  final  fitting.  A  weather-tight  house 
of  light  construction  was  erected,  to  cover  all  of  the  deck  except  a  smsU 
space  at  the  end,  where  room  was  needed  for  operation  of  the  spuds  and 
capstans. 
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The  plant  consists  of  four  single-stage  centrifugal  pumps,  arranged  in 
two  units  (Figs.  3  and  4).  Each  unit  comprises  a  compound  pumping 
outfit  of  two  pumps,  direct  connected  by  a  flexible  coupiii^  to  the  motor 
which  is  placed  between  the  two.  These  have  12-in,  side  suctions  lead- 
ing outboard,  and  lO-in  discharges  facing  inboard.  The  pump  shells 
are  1)  iu.  in  thickness,  with  removable  side  disks.    The  runners  are  of 


Fia.  3. — Plan  of  Pipinq  for  Parallel  Operation  or  Pumps. 

the  inclosed  type,  of  heavy  design,  and  capable  of  delivering  solids  up  to 
4  in.  in  diameter.  The  shafts  are  of  steel  extended  on  each  dde  of  the 
pumps,  and  carried  by  outboard  ring  oiling  bearings,  fitted  with  remov- 
able babbit-lined  stiells.  Adjustable  thrust  bearings  are  also  provided  to 
take  possible  unbalanced  end  thrusts. 

Each  unit  was  designed  to  deliver  not  less  than  3,000  gal.  per  minute 
at  the  greatest  elevation  encountered  during  the  operation,  with  a  mech- 
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were  to  work  in  parallel  (Fig.  3),  each  deliverir^  through  its  10-in,  dis- 
charge into  a  central  pipe,  the  flow  from  the  two  sternmost  pumps  carry- 
ing through  a  length  of  14-in.  pipe  until  abreast  of  the  forward  pumps, 
when  the  flow  from  all  four  entered  the  main  20-in.  line.  All  pipe  connec- 
tions on  the  scow  were  specially  cast  for  the  work.  For  the  parallel  con- 
nection a  flanged  Y  joined  the  stern  pump  discharges  to  the  14-in. 


Plan  or  Fipinq  i^r  Skbisb  Ofsration  or  Fqups. 


pipe  above  mentioned,  which  extended  along  the  center  of  the  scow  to 
another  Y  bored  to  receive  it,  and  connecting  the  forward  pumps  to 
the  main  line.  Gate  valves  were  set  in  between  each  discharge  and  the 
main  line,  so  that  by  disconnecting  the  motor  and  closii^  the  valve  any 
one  pump  could  be  closed  off  without  affecting  the  others. 

A  change  from  parallel  to  series  operation  (F^.  4)  could  be  made  at 
whatever  point  in  the  undertaking  the  increase  of  head  and  density  of 
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suctions,  stem  i ,  ana  center  lengtn  oi  I4r-in.  pipe  were  to  be  remoTecL 
Cast  U-shaped  lengths  of  pipe  were  provided  to  carry  the  discharge  from 
the  stem  pumps  outside  and  around  to  the  intakes  of  the  forward  pumps, 
where  a  blank  fiange  fitted  to  the  14-in.  orifice  in  the  forward  Y  threw  the 
water  forward  to  the  mun  line.  By  this  arrangement  two  units,  each 
of  a  two-stage  tandem  pump,  were  obtained  at  some  sacrifice  of  volume, 
but  at  a  decided  gain  in  efficiency. 

For  priming  and  keeping  pressure  on  the  impeller  bearings,  a  5}  by 
3^  by  S  in.  ^r-diiven  plunger  pump  was  installed  on  the  scow,  which 
took  its  power  from  the  mine  compressed-air  supply,  and  its  water  from 
Kerr  lake  at  the  start,  but  after  its  waters  became  too  muddy,  from  the 
auxiliary  supply  from  Giroux  lake.  The  main  suction  pipes  were  con- 
nected to  the  pump  shell  by  90°  elbows,  and  extended  to  the  water's  e^ 
where  8-ft.  lengths  of  smooth-bore  suction  hose  continued  the  intake. 
The  suctions  were  fitted  with  flap  foot  valves  and  strainers  having  34n. 
apertures.  The  suctions  were  arranged  on  loose  threads  to  act  as  a  swivd 
joint,  which,  with  the  aid  of  a  tackle,  allowed  the  intakes  to  act  at  any 
desired  depth  within  an  S-ft.  radius. 

The  motors  to  drive  the  pumps  are  two  in  number,  one  for  each  unit, 
and  connected  to  the  pumps  directly,  as  above  described.  They  are 
250-h.p.  squirrel-cage  synchronous  induction  motors,  operating  at  1,200 
rev.  per  minute,  with  2,200-volt,  three-phase,  60-cycle  current. 

The  power  was  obtained  from  the  line  of  the  Northern  Ontario  light 
&  Power  Co.,  which  passes  through  the  property,  A  2,200-volt  line  was 
carried  without  transforming,  to  a  switch  house  built  for  the  purpose, 
on  shore  near  the  scow.  Here,  oil  and  knife  switches,  meters,  etc.,  were 
installed,  whence  heavily  insulated  copper  cables  were  led  to  the  scow. 
The  connections  on  the  scow  were  made  through  oil-switch,  panel- 
mounted  knife  switches,  and  starting  compensators  for  each  motor. 
Lightning  arresters  were  placed  outside  the  deck-house.  Cables  inside 
the  house  were  carried  in  pipe,  and  below  deck  where  possible,  to  the 
various  connections. 

Main  Line  of  Spiral  Riveted  Pipe 

A  20-ia.,  14  gauge,  spiral  riveted  pipe  was  used  for  the  main  drtunage 
line.  Bolted  steel  joints  were  used,  except  for  a  few  flanged  lengths  on 
angles,  and  between  the  scow  and  shore.  This  type  of  joint  was  used  on 
account  of  its  great  flexibility  and  capacity  for  taking  up  expansion  and 
contraction.  These  qualities  were  very  desirable  here,  where  extreme 
changes  of  temperature  occur,  and  -where  portions  of  the  line,  both  at 
the  feed  and  discharge  ends,  had  to  be  shifted  from  time  to  time.  This 
pipe  was  supplied  in  32-ft.  lengths,  weighing  1,500  lb.  to  the  length.    The 
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Keeping  ii  m  as  straigni)  a  line,  ana  ae  iree  irom  nouows  as  possiDie. 
What  few  angles  there  were,  were  calculated  in  the  survey,  and  were  met 
by  specially  cast  flanged  elbows,  to  which  leQgthB  of  pipe  flanged  at  one 


Pio.  5. — CROssma  of  20-in.  Diuinaqk  Link  over  T.  ft  N.  O.  Rr.  Tbackb. 

end  were  bolteij.  A  little  ditch  work,  and  rock  drilling  and  blasting  were 
necessary,  especially  where  the  line  crossed  under  the  main  highway  by 
culvert,  but  in  the  main,  inequalities  of  the  ground  were  made  up  by  the 
bents.     The  chief  engineering  difficulty  met  with  was  in  carrying  the 


Fio.  6. — Pipe  and  Supports  Crossinq  T.  4  N.  O.  Railway. 

pipe  over  the  tracks  of  the  Temiskaming  A  Northern  Ontario  Ry.  at  the 
minimum  height  allowed  above  rail,  of  22  ft.  6  in.,  an  action  made  neces- 
sary to  avoid  causing  a  hollow  in  the  line  if  carried  under  the  tracks. 
At  this  point  (Figs.  5  and  6)  two  jvooden  towers  of  the  ordinary  tram 
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type,  built  of  8  by  8  in.  posta  on  a  16-ft.  square  base,  well  tied  and  cross 
braced,  were  erected  on  each  side  of  the  track  The  angle  of  croBsiog 
made  a  span  from  one  support  to  the  other  of  90  ft.  Saddles  for  the 
pipe  were  provided  4  ft.  below  the  top  of  the  towers.  Over  the  tope, 
which  were  iron-shod  cross  pieces,  two  7/8-in.  steel-wire  cables  were 
passed,  20  in.  apart,  and  carried  to  ground.  These  were  anchored  by 
"dead-men"  made  of  stout  logs  sunk  to  a  depth  of  6  ft.,  and  weighted  with 
stone.  Tumbuckles  were  provided,  by  which  the  cables  were  stretched 
as  taut  as  possible. 

The  pipe  was  then  laid  on  the  bents  and  joined  as  far  as  theOrst 
tower.  Three  flanged  lengths  were  then  laid  alongside  on  the  bents 
and  bolted  together  to  make  the  span.  One  end  of  the  joined  lengths  was 
slung  in  a  carrier,  made  of  an  iron  loop  ending  in  sheaves  to  run  on  the 
two  cables,  and  pushed  out  over  the  railway  to  the  far  tower.  Connec- 
tion was  then  made  with  the  pipe  already  laid.  The  span  of  pipe  acros.-: 
the  railway  was  supported  by  2  by  1/2  in.  strap-iron  hangers  passing 
under  the  pipe  and  hooking  over  the  cables  at  8-ft.  intervals.  Each 
hanger  had  a  turn  screw  and  nut,  to  take  out  all  sag  in  the  pipe.  An 
angle  flange  and  two  connecting  lengths  carried  the  line  from  the  tower 
to  a  rock-filled  crib  pier  where  another  angle  flange  was  connected, 
and  anchored  by  long  eyebolta  passing  to  a  "dead-man"  to  guard  against 
displacement  of  the  pipe  by  the  force  of  the  water  coming  over  the  sudden 
drop  from  the  tower.  The  continuing  line  was  carried  on  bents  as  before 
across  a  swamp  and  down  the  final  incline  to  Giroux  lake.' 

Flexibility  of  connection  between  the  floating  scow  and  the  fixed  pipe 
on  shore  was  secured  as  follows :  The  Kerr  lake  end  of  the  pipe  (see  Figs. 
1  and  2),  which  reached  shore  at  an  angle  of  15°,  was  anchored  by  strap 
and  bolts  set  in  a  cement  pier  at  water  line.  The  end  of  the  pipe  facing 
the  water  was  flanged,  and  to  this  was  bolted  a20-in.  flexible  ball  joint  hav- 
ing a  maximum  swing  of  27°.  To  this  joint  in  turn  two  expansion  joints 
giving  a  lateral  play  of  16  in,  were  bolted.  At  the  start,  one  32-ft.  length 
of  flanged  pipe  was  connected  to  these,  and  to  a  similar  ball  joint  coupled 
inboard  on  the  scow  at  the  main  discharge.  A  12-in.  bypass,  with  a  gate 
valve,  was  inserted  on  the  flanged  length,  for  driuaing  the  line. 

Waier  Supply  Pumped  from  Giroux  Lake 

The  water  supply  for  the  different  properties  formerly  taking  water 
from  Kerr  lake  was  obtained  from  Giroux  lake,  as  already  mentioned. 
It  was  at  first  planned  to  mount  the  pumps  on  the  shore  of  Giroux  lake, 
and  carry  the  suction  intakes  out  on  piers,  but  the  difficulty  of  placing 
piers  flrmly  on  the  steep,  smooth  bottom,  and  of  protecting  the  suction 
pipes  against  freezing,  made  a  change  of  plan  advisable.  A  well,  10  ft. 
square  by  12  ft.  deep,  was  sunk  by  air  drills  in  the  solid  rock  on  shore, 
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almost  at  water  line,  leaving  a  thin  shell  between  lake  and  well.  When 
the  well  was  completed,  a  aeries  of  fiat  holes  drilled  at  a  depth  of  5  ft. 
below  water  level  and  "looking  out"  under  the  lake,  was  put  in.  The 
boles  were  heavily  loaded,  blasted  simultaneously,  and  a  clear  connec- 
tion made  between  well  and  lake.  A  14  by  20  ft.  pump  house  (Fig.  7) 
was  erected  on  cemeat  foundations  over  the  well,  in  which  10  by  10  'n. 
timbers  were  set'  at  3-ft.  intervals,  as  sills  for  the  pumps  and  equipment. 
The  pumps  for  this  water  supply  are  two  in  niunber,  of  the  single- 
stage  turbine  type,  each  capable  of  deliverii^  500  imperial  gallons  per 
minute  against  a  total  head  of  175  ft.  The  speed  of  operation  is  1,750 
rev.  per  minute.  The  pumps  are  mounted  on  the  same  base  plate  with 
a  45-h.p.,  2,200-voIt,  three-phase,  60-cycle  motor,  directly  connected 
to  the  pumpB  with  flexible  pin  coupling.  The  equipment  comprises  auto- 
starters,  oil  and  knife  switches,  lightning  arresters,  and  meters. 


)  Water  Sopplt  Pump  Hotrss, 

Water  is  pumped  through  an  8-in.  spiral  riveted  bolted-joint  pipe 
1,300  ft.  in  length,  against  a  125-ft.  head  to  a  46,000-gal.  receiving  tank 
erected  on  an  eminence  between  the  two  properties.  From  this  tank 
the  supply  for  the  different  mines  is  delivered  in  6-in.  wrought-iron  pipe, 
by  gravity. 

Owing  to  the  severe  cold  of  the  winters,  great  care  was  necessary  in 
protecting  all  water  lines,  and  the  methods  used  merit  some  description. 
The  main  S-in.  line  was  inclosed  in  a  4-ft.  plank  box,  filled  with  sawdust 
and  covered  on  top  with  paroid.  A  1-in.  steam  line  from  each  of  the  two 
mine  heating  plants  was  run  alongside  the  pipe  to  the  pump  house,  where 
it  was  run  through  a  coil  for  heating  purposes,  and  thence  to  the  well 


.coy  Google 


lake  from  the  drainage  operationB,  a  filter  dam  made  of  jute,  supported 
on  spiles,  was  placed  around  the  inlet,  which  formed  a  small  pocd  of 
comparatively  clear  water.  Two  gate  filters  of  S-oz.  duck  were  placed 
over  the  direct  inlet,  further  to  clarify  the  water, 

A  signal  system  (Fig.  8)  from  tank  to  pump  house  was  installed,  in 
order  to  keep  the  water  in  the  receiving  tank  at  a  fairly  constant  level. 
This  consisted  of  a  semi-circular  wooden  disk  revolving  on  bearings 
placed  in  the  center  of  the  curve,  and  supported  on  brackets  fixed  to  the 
inside  wall  of  the  tank  near  the  top.  The  disk  was  equipped  with  a 
10-ft   arm  and  10-in.  cylindrical  float.     On  the  edge  of  the  disk  were 


FiQ.  8. — Details  or  Electric  Siona.!.  Conkectionb. 

placed  two  electrical  contact  points  one  quarter  of  the  circumference 
apart.  Facing  the  disk  edge  was  placed  a  stationary  block,  having  a 
concave  surface,  matching,  and  clear  of,  the  disk  edge.  On  the  upper 
part  of  this  surface  were  placed  two  pairs  of  electrical  contacts.  Two 
incandescent  lamps  and  an  alarm  bell  were  placed  in  the  pump  house, 
arranged  on  a  panel  so  that  the  bell  had  a  light  above  and  below.  Electri- 
cal connection  was  made  by  wire  from  a  110-volt  circuit  to  the  two 
moving  contacts  on  the  disk.  Circuit  was  made  between  the  inside 
contact  of  each  pair  on  the  stationary  arm  and  the  alarm  bell,  and  between 
the  outside  contacts  and  the  lights.  The  operation  of  the  signtds  was 
now  as  follows:  When  the  water  had  lowered  sufficiently,  the  lower  mov- 
ing contact  made  connection  with  the  lowest  fixed  contact,  and  lighted 
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continuing  to  lower,  shortly  afterward  contact  was  made  with  the  lower 
of  the  inside  fixed  contacta,  and  the  alarm  bell  was  mag.  In  the  same  way, 
when  the  water  in  the  tank  was  nearin^  high  mark,  the  lamp  marked 
"  near  high  "  was  lighted  and  then  the  bell  was  rung,  only  in  this  case  the 
upper  moving  contact  and  pair  of  fixed  contacts  were  in  play.  The  con- 
tacta were  spaced  on  the  disk  and  concave  surface  so  as  to  obtain  these 
effects  at  the  proper  stages. 

Drainage  OperaHona 

The  Kerr  lake  pumps  were  started  on  Aug.  28,  1912.  Some  diffi- 
culties of  a  temporary  nature  were  met  with  at  the  start,  but  there  were, 
on  the  whole,  few  delays  or  hitches  'n  the  operation.  It  was  found  that 
too  sudden  stopping  of  the  pumps  caused  vacuums  to  form  which  made 
one  or  two  lengths  of  pipe  show  a  tendency  to  collapse,  but  this  was 
remedied  by  the  insertion  of  check  valves  at  threatened  points.  A 
tendency  of  the  pipe  to  sag  after  receiving  the  full  weight  of  water  was 
observed  on  the  span  over  the  riulway,  and  the  structure  was  strengthened 
by  the  addition  of  two  more  {-in.  cables  stretched  and  anchored  in  the 
same  way  as  the  original  ones,  and  by  the  construction  of  arm  props  on 
each  tower,  hung  out  over  the  track  by  |-in.  rods,  and  set  in  notches  on 
the  legs,  which  shortened  the  unsupported  span  of  pipe  by  24  ft. 

The  water  was  lowered  steadily  until  the  depth  under  the  scow  be- 
came too  shallow  for  convenience,  when  a  new  fianged  length  of  pipe  was 
inserted,  and  the  scow  moved  out  a  corresponding  distance.  The  extra 
length  was  supported  by  trestle  bents  having  an  adjustable  block  and 
tackle  sling  to  allow  for  the  falling  level  of  the  pipe.  The  operation  was 
repeated  as  often  as  it  became  necessary  to  make  a  move  until  the 
suspended  line  became  too  cumbersome,  when  the  shore  ball  joint  was 
moved  out  to  a  new  pier  and  the  connecting  pipe  shortened  accordingly. 

It  had  been  intended  to  stir  up  the  mud  as  much  as  possible  by  agita- 
tion while  there  was  plenty  of  water  in  the  lake,  so  that  the  mixture 
flowing  through  the  line  might  be  as  liquid  as  possible.  Various  methods 
were  tried,  such  as  directing  a  stream,  pumped  from  the  lake  by  an 
auxiliary  plunger  pump  of  300  gal.  capacity,  through  a  4-in.  hose  with 
monitor  attachment,  into  the  mud,  both  from  shore  and  from  a  small 
scow,  but  it  was  found  impracticable,  ^ce  the  mud  was  of  such  consist- 
ency that  although  the  bulk  of  that  exposed  by  the  lowering  of  the 
water  flowed  into  the  deeper  part  almost  without  sluicing,  that  under 
water  had  a  glue-like  tendency  to  stay  in  banked  masses  near  the  shores  as 
[oDg  as  any  water  remained  in  the  lake  to  hold  It  back.  Such  mud  as  was 
left  above  the  water  soon  dried  and  became  compact  to  a  short  depth, 
so  that  it  offered  little  difficulty  to  mining  or  prospecting,  but  that  in 
the  center  of  the  lake  constantly  increased  in  depth  with  the  influx  from 
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this  mud  ahowed  that  its  water  content  was  very  high,  nearly  80  per  cent, 
80  that  it  was  decided  to  pump  out  the  remaining  water  entirely,  and  with 
the  suctions  resting  in  the  mud,  trust  to  the  pumps  handling  it  with  the 
aid  of  the  small  streams  of  water  flowii^  into  the  basin  from  the  mines 
and  mills.  The  change  of  the  pumps  from  parallel  to  tandem  operation, 
provided  for  as  above  described,  was  made  in  order  to  obtwn  better 
efficiency  with  the  heavier  material,  and  after  some  experimenting  with 
the  proper  mixture  of  mud  and  water,  and  with  the  size  of  the  strainer 
openings,  a  fairly  steady  stream  of  liquid  mud  varying  from  6  to  20  per 
cent,  solids  was  maintained  throi^h  the  line. 

Some  trouble  was  had  from  the  muddying  of  the  water  in  Giroux 
lake  near  the  mine  supply  pumps.  This  was  met  by  carrying  the 
pipe  line  on  a  curve  of  45°,  to  which  the  flexible  nature  of  the  boiled 
joints  adapted  it  admirably,  to  a  wooden  flume,  built  along  shore,  and 
extending  to  a  remote  cove  of  the  lake,  after  which  no  more  trouble  was 
experienced. 

At  the  time  of  the  first  proposals  for  the  drainii^  it  had  been  feared 
that  the  health  of  the  people  in  the  rather  thickly  settled  vicinity  of 
Kerr  lake  might  suffer,  but  fortunately  these  fears  had  no  justification; 
in  fact  if  anything  the  reverse  was  the  case,  since  the  more  than  doubtful 
water  supply  of  Kerr  lake  was  replaced  by  the  purer  water  of  Giroux.  At 
one  period  when  most  of  the  clear  water  had  been  pumped  away,  some 
embarrassment  was  caused  by  the  large  number  of  flab  which  had  been 
smothered  by  the  mud  and  came  to  the  surface.  Great  numbers  ranging 
in  size  from  small  perch  to  eels  and  pike  30  in.  long  lay  everywhere,  and 
even  clogged  the  suctions  and  entered  the  valves.  Fortunately,  the  situ- 
ation waa  well  taken  care  of  by  the  gathering  of  great  numbers  of 
Bcavengering  guUs  who  soon  disposed  of  the  fish,  to  the  mutual  advantage 
of  themselves  and  the  operators. 

The  pumps  were  run  through  September  and  October,  and  at  in- 
tervals during  the  month  of  November,  but  during  the  latter  month  the 
increasii^  cold  made  operation  difficult  because  of  the  freezing  trf  valves 
and  of  the  surface  of  the  mud,  so  that  work  was  stopped  for  the  season 
the  last  of  the  month.  The  operations  to  this  point  were  Buccessful 
from  the  standpoint  of  the  companies  concerned.  The  water  was  re- 
moved from  the  greater  part  of  the  important  reserves  of  the  mines,  ibus 
leaving  them  free  for  stoping  and  development.  About  325,000,000 
gal.  of  mud  and  water  were  pumped,  at  an  average  of  6,000  g&l.  per 
minute  for  38  actual  working  days. 

It  was  demonstrated  that  the  liquid  mud  lyii^  in  the  deeper  parts  of 
the  lake  could  be  pumped,  and  that  eventually  the  ground  underlying 
these  deeper  parts  could  be  prospected  and  mined  at  will  after  the  removal 
of  the  remaining  mud  in  the  following  open  s 
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of  which  although  previously  known  and  followed,  were  not  known  to  be 
so  valuable  as  their  surface  appearance  later  showed  them  to  be. 

One  of  the  most  important  questions  decided  was  that  the  long 
immersion  of  the  veins  had  had  no  ill  effect  on  their  value,  as  exposure 
showed  that  for  the  most  part  they  had  suffered  no  oxidation  or  leaching 
of  valuable  minerals.  In  one  curious  instance  the  glacial  striations  in  a 
native  silver  outcrop  appeared  as  burnished  and  bright  as  if  made 
yesterday. 

From  an  engineering  standpoint  there  were  few  miscalculations  or 
setbacks  to  the  work,  and  allowing  for  the  usual  delays  in  transporta- 
tion and  delivery  of  ordered  equipment,  the  work  of  installation  was 
expeditious. 

The  man^ements  of  the  two  companies,  under  whom  the  work  was 
conducted  jointly,  owe  much  credit  to  their  respective  staffs  and  other 
employees,  to  whose  harmonious  and  efficient  co-operation,  and  many 
ingenious  ideas  in  perfecting  details,  the  assured  success  of  a  somewhat 
novel  undertaking  is  largely  due. 
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Character  of  Title  Tlut  Should  be  Granted  by  GoTermnent 

BT  aBOBQB  T.  RmtB,  SAUT  LAKH  CITT,  VTiM 
(N«»  York  Meatjnc,  Fsltfiury,  1914) 

OuB  mineral'land  laws  need  revising  so  as  to  provide  definite  title  at 
the  outset  to  the  mineral  deposits  within  any  definite  piece  of  land. 
The  laws  as  they  now  staud,  especially  those  applicable  to  lodes,  breed 
uacertainty  as  to  rights  of  possessioii  prior  to  patent;  and  to  my  mind 
this  is  the  worst  feature  of  all,  worse  even  than  the  apex  bugbear. 

It  is  now  almost  impossible  for  anybody  to  tell  with  certainty  what 
mineral  rights  exist  within  any  area  that  is  not  covered  by  patent,  or 
whether  any  valid  rights  exist  at  all.  Our  system  is  unique  in  per- 
mitting individuals  to  appropriate  and  exploit  mineral  lands  of  the  public 
domain  without  notice  of  any  kind  to  the  Federal  government,  and  to 
relinquish  them  without  any  ceremony  at  all.  The  result  is  a  clouded 
record  that  cannot  be  cleared  up  until  each  claimant  is  put  to  some  sort 
of  final  proof.  In  order  to  accomplish  this,  new  Federal  l^islation  will 
be  required.  The  requirements  for  a  mineral  survey  and  the  proceedings 
for  patent  have  always  been  cumbersome  and  expensive;  and  perhaps  out 
of  r^ard  for  the  poor  claim  owner,  who  can  ill  afford  the  outlay  for  that 
sort  of  thing,  the  law  does  not  require  him  to  go  throi^h  it  unless  he 
choosee  to  do  so.  Consequently,  every  active  mining  district  has  be- 
come encumbered  with  tai^led  groups  of  doubtful  or  conflicting  locations, 
whose  rights  and  boundaries,  when  any  valuable  ore  is  found,  must 
usually  be  determined  by  lawsuits  that  are  as  expensive  and  as  dis- 
tressii^  as  the  stakee  are  high.  So  deeply  has  litigation  entered  into 
our  mining  system  that  a  claim  whose  r^hts  have  never  been  disputed 
would  probably  be  set  down  offhand,  by  a  miner  of  the  old  school,  as  of 
no  value.  Think  of  the  litigation  over  rights  of  possession  on  the  Corn- 
stock  lode — 12  leading  companies  involved  in  an  aggr^ate  of  246  suits 
within  a  period  of  less  than  eight  years! 

Ambiguous  local  records;  the  chance  of  erroneously  placed  or  obliter- 
ated monuments;  doubt  as  to  the  sufficient  performance  of  the  statutory 
annual  labor;  uncertainty  as  to  prior  conffictii^  or  overlapping  locations; 
anxiety  as  to  the  changing  attitude  of  the  Department  of  the  Interior 
and  the  Forest  Service — such  considerations  as  these  make  an  unpatented 
mining  claim  an  unclean  thii^  in  the  eyes  of  possible  investors.  Is  it 
any  woader  that  they  keep  themselves  and  their  money  at  a  safe  distance, 
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and  that  prospecting  for  new  ore  deposits  has  become  decadent  for  want 
of  the  funds  necessary  to  carry  mining  ventures  through  the  period  of 
infancy? 

The  uncertainty  as  to  rights  of  possession  is  not  restricted  to  lode 
claims,  but  extends  to  placers,  including  lands  appropriated  for  petroleum. 
The  Department  of  the  Interior  has  itself  been  guilty  of  much  fiound^- 
ing  in  efforts  to  apply  the  law  to  lands  of  this  latter  class.  The  specula- 
tive spirit  is  easily  aroused  by  signs  of  the  existence  of  oi!  within  a  new 
district,  and,  since  there  is  no  such  thing  even  as  a  preferential  right  within 
a  l^al  subdivision  of  land  until  oil  has  actually  beeu  developed,  rival 
speculators  may  often  be  found  drilling  wells  alongside  of  one  anoth«- 
in  headlong  haste  to  gain  the  first  right  to  make  a  legal  appropriation. 
This  practice  is  not  only  wasteful,  but  it  tends  toward  monopoly,  since  a 
race  of  this  kind  is  necessarily  to  the  swift  and  stroi^. 

There  seems  to  be  no  good  reason  why  the  present  requirement  as  to 
discovery  before  location  should  not  be  done  away  with  frankly,  or  why 
all  mineral  lands,  including  those  containing  lodes,  should  not  be  located 
and  entered  in  units  conforming  to  the  publio-land  surveys,  without 
requiring  further  survey  or  plat.  The  law  already  provides  that  for 
purposes  of  a  placer  claim  a  l^al  subdivision  may  be  further  subdivided 
into  10-acre  tracts,  bo  that  a  claim  may  be  made  up  of  strings  or  groups 
of  10-acre  units,  no  further  survey  or  plat  being  necessary. 

There  seems  to  be  no  good  reason  why  the  lands  already  appropriated 
for  minii^  purposes  should  not  be  officially  surveyed  without  delay,  and 
the  claimants  required  to  proceed  to  patent. 

There  seems  to  be  no  good  reason  why  the  public-land  surveys  should 
not  be  extended  at  once  over  all  mineral  lands  of  the  public  domain,  or 
why  the  respective  Federal  land  offices  should  not  be  made  the  places 
of  record  for  all  new  mineral  locations.  If  appropriators  were  given  the 
option  of  having  an  official  survey  made  at  the  outset  or  of  making  the 
boundaries  of  a  location  conform  to  the  public-land  surv^s,  I  believe 
that  locations  by  legal  subdivisions  would  soon  become  popular.  There 
seems  to  be  no  good  reason  why  such  record  in  the  Federal  land  office 
should  not  take  the  form  of  a  mineral  entry,  so  that  the  claimant  might 
always  know  that  he  had  at  least  preferential  rights  to  the  land,  and  so 
that  other  citizens  could  tell  from  consultation  of  the  records  exactly 
what  lands  were  unappropriated. 

Opinions  may  differ  as  to  whether  a  mineral  patent  ought  to  be  a  final 
relinqubhment  of  government  ownership,  as  under  our  present  sjrstem; 
or  whether  the  title  ought  to  revert  to  the  government  upon  failure  of  the 
grantee  to  pay  an  area  tax  at  stated  intervals,  as  in  M^^ico;  or  whether 
some  new  system,  such  as  leasing  under  government  ownership  and 
control,  ought  to  prevail. 

The  Mexican  system  has  several  features  to  commend  it.     The  filing 
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mineral  land  by  triflere.  And  while  to  the  bona  fide  miner  these  taxes  are 
more  expensive  than  are  the  burdens  imposed  by  our  own  laws,  he 
generally  prefers  the  Mexican  system  because  his  grant  is  practically 
incontestable  except  for  non-payment  of  taxes,  and  ia  so  definite  from  the 
very  outset  that  he  and  hia  grantees  always  know  and  his  neighbors  can 
know  exactly  what  the  grant  covers  and  what  it  does  not. 

I  hardly  think  many  of  us  ever  expect  to  see  our  Federal  government 
participating  permanently  in  the  development  and  operation  of  mines. 
Such  a  system  would  not  only  be  contrary  to  our  national  traditions,  but 
commercial,  success  could  hardly  be  expected  in  competition  with  pri- 
vate enterprise.  No  matter  how  conscientious  and  efficient  the  several 
department  chiefs  and  their  subordinates  may  be,  their  activities  are 
limited  so  strictly  by  the  terms  of  each  appropriation  bill  that  they  are 
handicapped  in  comparison  with  privateconcerus.  A  simple  instance  may 
illustrate  this  point.  The  surveys  of  the  public  lands  call  for  the  prepa- 
ration of  several  copies  of  each  plat,  and  until  recently  these  copies 
were  all  made  by  the  laborious  long-hand  process.  After  it  had  been 
demonstrated  to  the  Commissioner  of  the  General  Land  Of&ce  that  the 
duplication  of  these  plats  by  some  mechanical  or  photographic  process 
would  tend  toward  both  economy  and  accuracy,  he  was  unable  to  change 
the  method  at  once  because  the  appropriation  bill  permitted  the  em- 
ployment of  draftsmen  but  did  not  provide  for  the  purchase  of  mechanical 
apparatus. 

Our  form  of  congressional  government  is  abo  a  valid  argument 
against  the  leasii^  of  mineral  lands.  What  is  there  in  the  government's 
past  treatment  of  the  mineral-land  question  to  inspire  enthusiasm 
over  a  system  of  direct  Federal  control?  The  dilly-dallying  over  the 
surveying  of  the  public  domain;  the  willingness  for  more  than  40  years  to 
continue  disposing  of  the  mineral  lands  under  makeshift  laws;  the 
fioundering  on  the  question  of  lands  containing  petroleum;  the  hit-and- 
miss  classification  of  the  lands  given  away  as  subsidies  to  new  railroads, 
the  vacillation  and  recrimination  over  the  coal  lands  of  Alaska^ — with 
these  bits  of  history  fresh  in  our  minds,  how  many  of  us  would  care  to 
gamble  our  possessions  against  the  whims  of  ephemeral  law  makers  and 
transitory  office  holders?  Is  it  not  enough  to  be  obliged  to  gamble 
against  the  whims  of  nature? 

Congress  acts  only  slowly,  and  then  only  in  matters  upon  which  the 
people  have  shown  deep  feeling.  I  think  myself  that  the  reason  why  we 
have  made  so  little  headway  in  obtaining  rational  legislation  on  the 
details  of  our  mineral-land  law,  is  that  the  people  have  been  satisfied 
with  the  basic  principle  of  the  existing  law,  which  declares  that  the 
mineral  lands  of  the  public  domain  shall  be  free  and  open  to  occupancy 
and  exploration  by  citizens  or  intended  citizens,  and  that  the  mineral 
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strings  to  the  title  has  never  been  popular  in  tills  country.  Our  fme- 
fathers  had  seen  enough  of  leaseholds,  restricted  estates,  entails,  and 
that  Bort  of  thing  in  the  old  world;  and  when  the  opportunity  came  to 
them  to  start  a  new  order  of  thii^,  they  were  quick  to  cut  away  from 
fwma  of  title  other  than  in  fee  simple.  Perhaps  it  is  the  dread  of  chance 
return  to  an  old-world  system  that  "puzzlea  the  will,  and  makes  us 
rather  bear  those  ills  we  have  than  fly  to  others  that  we  know  not  d." 
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NodoUzing  Blagt-Fumace  Flue  Dust 

BT  LAWSKNCX  ADDICXS,  DOdOLAB,  ABIS. 
(Skit  Uka  MeaUDi/Auciut,  191«) 

SouE  three  years  ago  the  smelter  connected  with  the  Chrome,  N.  J., 
refinery  of  the  United  States  Metals  Refining  Co.  found  itself  embarrassed 
by  constantly  increasing  piles  of  unsmelted  blast-fumace  flue  dust.  The 
charge  was  fine  and  10  to  15  per  cent,  of  it  was  blown  over  into  the  fiue. 
Sulphur  was  at  that  time  too  scarce  to  make  the  sintering  of  the  finer  part 
of  the  charge  attractive,  and  raw-ore  smeltii^  in  a  reverberatory  with  a 
partly  oxidized  charge  was  not  to  be  thought  of. 

A  great  many  schemes  were  considered,  including  leaching,  blowing 
into  the  converters,  and  briquetting,  the  problem  finally  narrowing  down 
to  blast  roasting  and  nodulizing.  It  was  found  by  experiment  that 
blast  roasting  would  not  yield  a  satisfactory  sinter  without  the  addition 
of  coke  dust  or  sulphide  fines  to  augment  the  fuel  value  of  the  flue  dust, 
and  on  this  account,  together  with  the  low  first  coat  of  a  kiln,  the  latter 
was  decided  upon. 

A  couple  of  tons  of  flue  dust  were  tried  out  in  the  experimental  kiln 
in  the  laboratory  at  Yorktown,  Va.,  of  J.  H,  Payne,  who  acted  as  consulting 
engineer  in  this  connection.  This  kiln  was  approximately  2  ft.  in  diame- 
ter and  20  ft.  long  and  was  fired  with  fuel  oil.  A  run  of  several  hours 
yielded  excellent  nodules. "  The  kiln  showed  no  tendency  to  build  in  and 
form  "nose  rings"  and  gave  a  fuel  consumption  of  50  gal.  of  oil  per  ton  of 
flue  dust.  There  was  no  indication  of  any  stack  loss.  The  roasting  was 
strongly  oxidizing.  A  study  of  what  full-size  kilns  were  doing  on  cement 
clinker  and  on  nodulizing  pyrites  cinder  indicated  that  a  60  by  6  ft.  kiln 
would  certainly  not  consume  over  half  of  the  oil  per  ton  of  flue  dust  shown 
on  the  test  and  as  fuel  oil  at  that  time  was  selling  around  2  1/2  c.  per  gat- 
Ion  it  was  decided  to  let  it  go  at  that. 

A  60  by  6  ft.  kiln  was  decided  on,  as  that  size  is  standard  in  cement  prac- 
tice, although  fast  being  replaced  by  much  larger  ones  with  their  greater 
fuel  economy,  and  as  it  fitted  in  the  building  space  available.  A  6-in. 
brick  lining  brought  the  net  diameter  down  to  5  ft.    The  inclination 


1  ae  lesuiis,  wniie  aa,x,iai&ciory,  were  quii«  omerent  irom  Loose  annci- 
pated.  In  the  first  place,  the  fuei  consumption  was  far  lower  than  had 
been  expected.  A  granidfU'  sand  can  be  made  with  perhaps  8  gal.  per 
ton,  a  firat-class  smelting  product  with  12,  and  great  chunks  with  16. 
It  appears,  therefore,  that  such  a  test  kiln  as  that  used  takes  about  four 
times  the  fuel  that  will  be  required  on  a  60-f t.  installation,  although  this 
ratio  might  be  changed  for  different  materials  with  varying  internal 
fuei  values. 

In  the  matter  of  formation  of  nose  rings,  the  test  kiln  was  deceptive. 
There  was  a  decided  tendency  to  such  formations  and  it  took  some  tJme 
for  the  operators  to  acquire  the  necessary  skill  to  control  this.  Steady 
conditions  of  flame  are  very  necessary.  If  the  kiln  is  overheated  semi- 
molten  material  forms  on  the  walls  and  a  subsequent  over-chilling  will 
plaster  the  sand  on  very  rapidly.  A  number  of  devices  were  tried  to  meet 
this  difficulty,  but  finally  it  was  found  that  reasonable  skill  and  care  OQ 
the  part  of  the  attendant  and  an  occasional  shutdown  of  a  few  houra  to 
remove  any  obstinate  obstruction  were  the  best  remedies.  A  patented 
scheme  using  a  hollow  driU,  delivering  compressed  ur  or  water,  gave  indf* 
ferent  results,  although  it  seems  to  have  given  satisfaction  in  pyrites- 
cinder  work.  Next  the  accretions  were  allowed  to  grow  in  such  a  way 
that  they  collapsed  by  their  own  weight.  This,  however,  took  about  aa 
much  skill  as  avoiding  their  formation  and,  further,  greatly  diminished 
the  capacity  of  the  kiln.  When  perfectly  clean  75  tons  (^  flue  dust  can 
readily  be  nodulized  in  24  hr.,  while  a  choked-up  barrel  will  deliver  less 
than  half  of  this  quantity.  There  is  no  difficulty  in  r^ular  work  in 
deliverii^  50  tons  a  day,  including  all  delays,  and  a  few  hours'  work  for 
two  or  three  men  once  in  two  weeks  will  handle  the  accretions.  Anotb»' 
experiment  that  was  tried  was  the  use  <A  a  boring  bar  every  hour  «-  ao 
while  the  kiln  was  in  operation,  but  here  again,  while  the  scheme  wwked 
fairly  well,  the  cure  was  worse  than  the  disease.  The  flame  had  to  be 
temporarily  cut  off  and  the  loss  of  heat  resulted  in  bad  product  for  some 
minutes  after  each  attack.  Finally  it  was  found  that  spraying  with  a  hose 
would  cause  disintegration  of  these  lumps.  The  nose  rings,  however, 
proved  to  be  more  of  an  annoyance  than  a  serious  difficulty  and  caused 
but  little  increase  in  the  operating  costs. 

The  normal  operating  condition  of  the  kiln  is  to  have  the  40  ft.  next 
the  flue  acting  simply  as  a  preheater,  without  any  real  nodidicing  action. 
The  material  then  begins  to  stick  and  ride  around,  which  is  the  first  step 
toward  the  formation  of  nodules.  The  actual  nodulizing  should  be 
completed  in  the  next  15  ft.,  leaving  the  last  5  ft.  for  hardemng  the  nodules 
in  the  cooler  zone  back  of  the  flame.  This  is  to  keep  the  nodules  from 
sticking  together  in  a  semi-fused  mass  when  they  drop  into  the  receiv- 
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ing  par.  The  nose  rings  will  be  confined  to  the  15-ft.  nodulizit^  zone, 
where  they  are  readily  accessible  from  the  front  end  when  the  fire  hood  ia 
roUed  out. 

It  was  expected  that  delivering  red-hot  nodulea  to  the  blsst-fumace 
would  result  in  quite  a  saving,  but  it  was  found  that  they  smelted  so  fast 
that  they  tended  to  run  away  from  the  rest  of  the  charge  and  cause  uneven 
operation;  much  better  results  were  obtained  by  feeding  them  cold. 
This  would  probably  not  be  true  in  the  case  of  nodulised  ores,  where  the 
product  would  not  be  self-fluxing. 

No  trouble  was  experienced  from  Sue  dust  blowing  out  of  the  kiln.  In 
dry  process  cement  work,  where  95  per  cent,  of  the  material  fed  will  pass 
a  lOO-mesh  screen,  but  3  per  cent,  flue  dust  is  made.  In  the  case  of  our 
flue  dust  fed,  about  25  per  cent,  would  pass  100  mesh. 

Shortly  after  the  kiln  was  installed  the  fuel-oil  market  ran  away,  the 
top  prices  reaching  nearly  6c.  a  gallon;  consequently  some  experiments 
with  coal  firing  were  tried.  A  lai^e  fire  box  was  built,  along  the  lines  of 
those  used  in  reverberatory  work,  operating  largely  as  a  gas  producer,  and 
equipped  with  forced  draft.  This  was  an  absolute  failure,  due  to  the 
impossibility  of  keeping  an  even  temperature  at  the  mouth  of  the  kiln. 
Every  time  fresh  coal  was  fired  the  nodules  would  dwindle  down  to  sand. 
It  is  obvious  that  the  same  objection  would  apply  to  any  gas-producer 
plant  not  of  sufficient  size  to  ^ve  a  uniform  quaUty  of  gas.  The  great 
majority  of  rotary  kilns  are  fired  with  pulverized  coal.  This  requires  a 
fire-box  temperature  sufficiently  high  to  get  satisfactory  ignition,  and  as 
this  flue-dust  nodulizing  is  distinctly  low-temperature  work  it  waa  ques- 
tionable whether  the  considerable  investment  in  coal  drying  and  pulveriz- 
ing  would  have  been  justified.  Fuel  oil  is  the  ideal  fuel  for  such  work 
wherever  its  cost  will  allow  it  to  be  considered  at  all. 

While  the  oxidizing  action  of  the  small  test  kiln  was  very  marked,  the 
sulphur  being  almost  totally  removed,  it  was  much  less  so  in  the  larger 
kiln.  Rough  grab  samples  of  the  entering  flue  dust  and  the  nodules 
produced  showed  the  following  analysis,  which  may  be  taken  as  repre- 
sentative: 

RueDuat    Nodulea 

Au,  ounces  per  ton 0.12  0,10 

Ag,  ounces  per  ton 11.30        10.90 

Cu,  percent 12.00        13. <B 

FeO,  percent 31.33        38.03 

Insoluble,  per  cent 22.10        26.50 

SiO.,  percent 18.19        20.80 

CaO,  percent 0.48  0.54 

Zn,  per  cent 1.97  1.88 

8,  percent 11.86  4.95 

It  will  be  noted  that  but  little  over  half  of  the  sulphur  has  been  removed. 
There  is  also  some  loss  in  silver  indicated,  but  the  sampling  is  too  rough 


.coy  Google 


1674  NODULIZING  BLABT-FmiNACB   FLOS   DUST 

to  permit  drawing  any  conclusion.  No  special  attention  was  paid  to  mlver 
losses,  as  the  material  Seated  was  all  low  grade,  but  rich  fines  would 
doubtless  show  a  heavy  loss,  judging  from  the  results  obtained  on  1^  old 
Brtlckner  roaster  ia  the  early  days. 

Physically  the  nodules  are  an  ideal  bias  Wurnace  product  A  screening 
test  when  making  quite  small  nodules  gave  the  following  results: 

Between  Per  cent. 

1/2    and  1/4  in H.21 

1/4   and  3/16  in 23 .  16 

3/16  and  1/16  in 20.60 

1/16  and  20  meah 1.10 

20     and  30  mesh 0.54 

30     and  40  mesh 0.14 

40      and  60  mesh 0. 12 

60      and  80  mesh 0.05 

Through  80  mesh 0.08 

100.00 
While  nodulizing  is  comparable  with  blast  roasting,  the  two  processes 
have  different  limitations,  much  as  in  the  case  of  a  comparison  between 
blast  furnace  and  reverberatory  smelting.  Sintering  requires  a  properly 
balanced  internal  fuel  supply,  while  nodulizing  is  entirely  independent  of 
this.  To  properly  nodulize,  a  material  must  have  a  sufficient  interval 
between  the  temperature  of  becoming  sticky  (incipient  fusion)  and  that  of 
actual  melting  to  give  a  practical  range  of  operating  flame  temperatures. 
As  a  nodule  is  formed  from  individual  grains  stuck  t<^ether,  every  piece 
has  a  solid  structure  and  there  are  no  defective  ones  full  of  unsmelted 
material.  I  believe  the  kiln  is  deserving  of  a  somewhat  wider  application 
in  the  metallurgical  field  than  it  has  as  yet  obtained,  but  the  extent  of  this 
expansion  can  only  be  determined  by  experiment.  While  these  notes 
cover  but  a  single  material,  blast-furnace  fine  dust,  and  that  from  but  a 
single  plant,  yet  this  material  is  much  more  like  ore  than  pyrites  cinder 
and  other  refractory  products.  It  would  be  advisable  to  use  a  kiln  7  or  8 
ft.  in  diameter  to  lessen  the  nose-ring  difficulty,  and  this  is  in  line  with 
the  experience  in  other  classes  of  work.  As  to  lei^th  of  kiln  for  low-tem- 
perature work,  60  ft.  is  probably  long  enough;  for  refractory  materials 
callit^  for  a  greater  unit  fuel  consumption  longer  kilns  will  pay  in  fuel 
saving. 

As  far  as  operatti^  cost  goes,  the  crux  of  the  whole  matter  lies  in  the 
cost  of  fuel.  A  single  operator  can  attend  to  the  firing  of  several  kilns; 
and  the  repairs  should  be  very  small,  as  the  machinery  is  very  simple, 
thoroughly  standardized,  and  not  exposed  to  the  heat, 
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BY  TIIXJAll  r.  WAKD,  I 

(Salt  Lak«:MeMin«.  Au(i»t,  IfiU) 

One  often  reads  of  the  rich  placer  gravels  in  many  of  the  canoe-trav- 
eled rivers  of  South  America.  The  apparent  richness  of  these  gold-bear- 
ing gravels  impresses  the  traveler,  and  in  fact  he  may  see  batea  after 
batea  showing  enough  colors  to  figure  over  a  dollar  per  cubic  yard. 

These  workings  are  called  "playas"  from  the  Spanish  word  playa, 
meaning  shore  or  beach.  Many  workings  have  been  reported  in  tropical 
rivers,  but  to  my  knowledge  no  dredge  has  made  a  success  in  such  deposits. 
Investigation  generally  shows  that  the  area  of  richness  is  limited  and 
especially  that  the  depth  of  the  rich  concentration  is  hardly  ever  more  than 
a  few  inches. 

The  Cauca  river  in  Colombia,  South  America,  is  noted  for  its  many 
rich  playas.  This  river  rises  near  Fopayan  in  the  southern  part  of 
Colombia,  flows  north  through  a  narrow  valley  between  parallel  mountain 
ranges  and  empties  into  the  M^dalena  river  near  Magaaque.  The  air- 
line distance  between  source  and  mouth  of  this  river  is  only  about  500 
miles.  The  rainfall  is  lai^e  and  the  lower  Cauca  appears  to  be  about  the 
size  of  the  Missouri  river  in  the  United  States.  From  its  mouth  up  to 
Valdivia,  in  the  State  of  Antioqua,  it  is  navigable.  Above  Valdivia  is  a 
narrow  gorge,  above  which  the  river  ia  again  navigable  for  some  distance. 

The  part  of  the  Cauca  where  the  playa  panning  is  most  noticeable  is 
from  Valdivia  down  to  where  the  Nechi  river  enters  the  Cauca,  a  distance 
along  the  river  of  about  100  miles.  The  current  in  this  part  is  swift,  so 
that  the  stem-wheel  river  steamers  make  the  trip  with  some  difficulty. 

In  the  course  of  my  work  in  this  section  of  Colombia  I  have  had  the 
opportunity  to  make  a  study  of  several  of  these  playa  workings  and  will 
give  in  detail  the  conditions  observed. 

The  Island  "Playa" 

The  richest  of  the  island  playas  is  about  40  miles  below  Valdivia  and 
a  little  below  the  old  town  of  Caceres.  The  shape  of  the  river  and  the 
location  of  the  deposit  are  shown  in  F^.  1,  which  indicates  the  condition 
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at  low  water.  The  river  at  this  place  b  about  600  ft.  wide  and  the  ifilaod 
about  75  ft.  wide  by  300  ft.  long.  The  island  ia  made  up  of  coarse  pebbles, 
some  of  which  are  as  big  as  a  man's  head. 

In  times  of  high  water  this  island  is  under  several  feet  of  water  and  in 
a  swift  current.  When  the  river  lowers  the  current  is  still  fast  enough  to 
prevent  sand  or  silt  from  covering  the  coarse  pebbles. 

At  high  water  the  banks  of  the  river  for  several  hundred  feet  above  the 
island  are  continually  caving  in,  and  some  of  this  material,  U^ether  with 
the  usual  drag  of  fine  gravel  along  the  bottom  of  the  stream,  passes  over 
this  submerged  island. 

The  coarse  pebbles  forming  the  surface  act  as  natural  riffles.  In  the 
courseofafew  months  a  mass  of  material  is  thus  handled  by  natural  agents, 
and  a  rich  concentration  of  fine  gold  results.  The  natives  work  the  playa 
when  the  water  is  low  enough,  which  is  two  or  three  times  a  year. 
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Island  surface  mtide  up  of  coarse  pebblee.     X  Richest  point  of  gold  concealr&tion. 
Pia.  1. — Sketch  OFCAucARrvEHBBLOwCACBRBBjSHowiKO  "Plata"  AT  Low  Watkb 

As  soon  as  the  water  goes  down  enough  to  permit  wading  on  tbf 
island,  the  natives  turn  out  with  their  small  hand-shaped  picks  and  their 
wooden  bateas.  They  scrape  the  fine  gravel  into  the  bateas,  rough  out 
the  coarser  pebbles,  then  wade  to  the  shore  and  complete  the  panning  in 
the  quieter  water. 

Many  natives  work  at  this  place,  so  that  by  the  time  the  low-water 
season  is  over  the  whole  surface  of  the  bland  has  been  gone  over  and  only 
the  coarser  gravel  remains,  thus  leaving  the  natural  riffles  thoroughly 
cleaned.  At  times  it  happens  that  the  playa  so  worked  over  is  even 
richer  the  followii^  season. 

At  this  playa  a  native  for  the  first  two  or  three  days,  makes  as  much 
as  $3  per  day.  The  work  continues  forseveralweeksuntilonlyaboutSOc. 
a  day  per  native  b  realized,  when  operations  are  abandoned. 
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The  Typical  Beach  "Playa" 

Another  noted  playa  just  above  Caceres  is  worked  by  the  same 
natives;  but  it  does  not  yield  as  much  gold  as  the  island  playa.  This 
is  more  nearly  the  tjrpical  playa  or  beach  deposit,  and  is  shown  in  Fig.  2. 

The  west  side  of  the  river  b  a  beach  of  coarse  pebbles  which  act  as 
natural  riffles.  The  river  above  turns  in  a  way  favorable  to  sendmg  the 
drag  of  small  gravel  over  the  coarse  beach  gravel.  The  current  at  high 
water  is  swiftenough  to  prevent  sand  or  silt  from  accumulating,  but  is  not 
no  swift  as  to  prevent  some  of  the  fine  gold  from  depositing.     Most  of 


ViQ.  2, — A  Typical  Beach  "Plata"  on  the  Cauca  River  near  Caceres. 

the  playa  deposits  on  the  river  are  of  this  type,  and  are  workable  to  a 
certain  extent  at  all  times  except  at  extreme  high  water. 

Cauca  River  Conditions  Favor  Play^i  FoTmaiion 

The  Cauca  river  is  large  and  flows  through  a  long  narrow  wooded 
valley,  which  makes  it  practically  impossible  for  a  heavy  rainfall  to 
produce  a  damaging  flood.  The  greatest  difference  between  high  and 
low  water  is  10  ft.  and  usually  it  is  much  less.  Had  the  valley  been 
basin  shaped  resulting  conditions  would  be  quite  different.  The  locations 
of  many  river  playas  remain  the  same  year  after  year  and  only  change 
when  a  marked  change  in  the  main  currents  takes  place. 

Near  the  mouth  of  the  Tamana  creek,  about  half  way  between  Valdivia 
and  the  mouth  of  the  Nechi  river,  a  small  arrn  of  the  river,  which  had 
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took  place.  Here  for  several  days  as  much  as  S4  per  day  was  obtained 
by  each  native  worker. 

Once  Id  a  while  a  large  snag  will  cause  a  change  in  the  main  current 
and  incidentally  a  local  playa  will  be  formed  below. 

In  the  upper  and  swifter  part  of  the  river  near  Valdivia  the  shore  line 
at  low  water  shows  boulders  and  angular  rocks.  These  places  are  worlced 
periodically  by  the  natives,  a  small  amount  of  gold  being  obtained. 

The  extreme  lower  parts  of  the  river  show  playas  only  at  very  low 
water,  the  coarse  gravel  only  showing  at  such  times.  One  of  theee 
playas  about  5  miles  above  the  mouth  of  the  Nechi  river  compared 
favorably  with  the  playas  in  the  upper  river,  since  the  water  had  not 
been  low  enough  to  permit  working  for  several  years. 

The  right  to  wash  gravel  on  the  playas  is  free.  So  when  the  high- 
water  season  is  over  the  natives  go  prospecting  in  canoes  for  the  richer 
playaa.  When  a  good  one  is  found  the  news  spreads  and  soonthe  richest 
places  are  cleaned  up. 

Most  of  the  gold  is  obtained  from  the  playas  by  women  workers. 
While  the  patmings  are  rich  many  native  men  are  seen  on  the  playas;  but 
the  women  keep  at  it  longer,  for  they  are  content  with  less  renumeration 
for  their  labor. 

The  bulk  of  the  gold  sooner  or  later  gets  to  the  Caceres  storekeepers, 
the  smaller  merchants  along  the  river,  who  make  trips  to  Caceres  once 
every  two  or  three  months,  buying  the  gold  at  the  various  playa  camps  on 
the  way.  An  average  of  about  15  lb.  of  gold  is  bought  at  Cacerea 
monthly,  about  two-thirds  of  it  coming  from  the  river  playas.  Roughly 
about  $35,000  is,  therefore,  obtained  yearly  from  the  Cauca  river  playas. 

From  several  drill  holes  in  the  river  gravel  itself  near  Caceres  it  was 
found  that  the  value  per  cubic  yard  was  from  Ic.  to  3c.  Even  this  small 
amount  of  gold  in  the  river  gravel  itself  is  enough  to  account  for  the 
source  of  the  gold  in  the  playas.  This  gold  is  small  in  size,  often  a  doien 
"colors"  to  the  milligram;  but,  as  is  usually  the  case  with  such  gold,  it 
has  a  fineness  of  over  900. 

One  drill  hole  in  the  lower  part  of  the  river  on  an  island  near  a  rich 
playa  gave  results  as  follows:  About  5  ft.  of  barren  loam  and  sand;  then 
about  a  foot  of  good  gravel  of  30c.  grade;  then  to  a  depth  of  50  ft. 
material  of  poor  grade.  The  total  hole  averaged  only  about  2.5c.  per 
cubic  yard.     The  hole  was  not  completed  to  bed  rock. 

The  bench  gravels  on  the  sides  of  the  river  seem  to  have  cou'ser  gold 
and  at  places  there  are  some  very  rich  channels.  At  a  playa  j  ust  below  a 
place  where  bench  gravel  had  been  caving  into  the  stream  some  coarse 
gold  <A  a  dull  color,  was  seen  in  the  pannings  along  with  the  fine  bright 
river  gold. 
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There  are  evidenoes  of  extensive  work  in  the  bench  gravels  all  along  this 
stretch  of  river.  A  fair  record  of  gold  produced  is  credited  to  the  district. 
Not  enough  prospecting  has  been  done  so  far  to  determine  whether  or  not 
the  areas  of  pay  gravel  are  lai^e  enough  to  work  by  modern  methods. 

The  rich  channels  of  the  benches  will  be  first  worked  out,  but  the 
playas  for  years  to  come  will  be  a  source  of  gold. 
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Ctqtper  Ores  <^  the  New  Loadon  Mine* 

BT  B.  B.  BDTLEB  AND  H.   D.   UCCASKET,  WABmNOTON,  D.  a 
(Salt  L^e  MeetiDf.  Auaust.  1911) 

Introdiiclion 

The  New  LondoD  copper  mine,  about  8}  miles  east  of  Frederick,  Md., 
was  visited  by  the  writers  for  a  few  hours  in  the  sprii^  of  1909  and  the 
foUowii^  brief  notes  on  ore  specimens  collected  are  preseDted  as  a  con- 
tribution to  studies  in  chalcocite  ores. 

For  certain  data  on  the  structural  and  areal  geology  of  this  portion 
of  Maryland  the  writers  are  under  obligation  to  the  unpublished  notes  and 
maps  of  Arthur  Keith.  The  detailed  study  of  the  ores  is  the  work  of 
B.  S.  Butler. 

The  deposit  here  discussed  has  many  similarities  to  those  of  the 
Virginia  district  of  Virginia  and  North  Carolina,  which  have  been  de- 
scribed by  Graton'  and  Laney*,  except  that  in  the  deposits  of  the  New 
London  mine  chalcocite  is  by  far  the  most  important  ore  mineral,  while 
in  the  Virginia  deposits  bomite  is  commonly  the  most  importrant  sul- 
phide. In  the  New  London  occurrence  calcite  is  the  most  important 
gangue  mineral. 

Field  Relations 

The  town  of  Frederick  lies  in  the  center  of  a  narrow  belt  of  limestone 
rangii:^  in  ^e  from  Ordovician  on  the  east  to  Cambrian  oa  the  west. 
This  belt  is  about  J  mile  wide  at  Noland's  Ferry,  on  the  Potomac,  and 
broadens  to  a  width  of  3  miles  at  Frederick.  The  general  direction  is 
east  of  north.  The  eastern  boundary  is,  in  places,  a  fault  plane  along 
which  a  series  of  metamorphic  rocks  of  presumptive  pre-Cambrian 
age  have  been  thrust  up.  These  ancient  rocks,  for  several  miles  east 
.  and  west  of  New  London,  are  phyllites  in  the  main,  but  closely  inter- 
folded  near  the  New  London  mine  are  long,  narrow  leases  of  epidote 

*  Published  by  permiBsion  of  the  U.  3.  Geologioftl  Survey. 

>GratoD,  L.  C:  Mineral  Retourees  of  the  United  Slate*,  pt.  1,  p.  620  (1007). 
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easterly  strike  of  the  Appalachian  rocks.  Crossing  the  boundary  fault 
at  a  very  slight  angle  is  a  persistent  narrow  diabase  dike,  probably  of 
Triaasic  age,  many  miles  long — the  filling  of  a  deep  fissure  cutting 
both  Ordovician  and  pre-Cambrian  rocks.  The  New  London  mine  lies 
nearly  in  the  center  of  the  elongated  group  of  exposures  of  epidote  schist, 
which  in  turn  lie  about  in  the  center  of  the  broad  belt  of  pbyUites.  The 
phyllites  in  general  strike  northeasterly  and  dip  at  high  angles  south- 
easterly. They  are  fine-gr^ned,  dark,  and  crumpled  to  microscopic 
degree.  Their  origin,  whether  sedimentary  or  igneous,  is  not  wholly 
determined,  though  part  are  pyroclastic  and  part  are  sedimentary.  The 
epidote  schists  are  in  part  amygdaloidal— the  characteristic  Catoctin 
schists  or  greenstones  of  the  Appalachians — and  they  are  derived  by 
regional  metamorphism  of  ancient  basaltic  extrusives.  The  nciarble  ^d 
the  quartzite  are  considered  to  be  of  pre-Cambrian  age.  Intense 
forces  have  crumpled  all  these  formations,  and  their  present  structure, 
where  not  massive,  is  trough  or  saddle  form. 

About  i  mile  west  of  the  New  London  mme  a  narrow  oxidized 
manganese  vein  is  found  at  the  contact  between  epidote  schist  above  and 
marble  below,  dipping  55°  S.  80°  E.  and  strikmg  N.  10°  E.  The  strike 
of  small  pits  and  shafts  along  the  outcrop  of  the  New  London  vein  was 
found  to  be  about  N.  62°  W.,  magnetic,  indicating  a  fracture  across  the 
prevailing  strike  of  the  rocks.  The  succession  of  rocks  at  the  mine  is 
marble  overlain  by  epidote  schist,  in  turn  overlwn  by  quartzite.  Below 
the  marble  lens,  and  above  the  quartzite  also,  lies  the  soft,  crumpled, 
fine-grained,  black  phyllite.  The  ore  appears  confined  mwnly  to  the 
marble,  and  ore  solutions  were  probably  limited  in  circulation  by  the 
phyllite.  It  is  also  assumed  that  the  resistant  marble  and  quartzite  af- 
forded the  necessary  fracturing  for  passage  of  the  ore  solutions,  as  the 
surrounding  soft  phyllites  are  tight,  finely  folded  rocks  and  do  not  suggest 
openings  of  any  kind. 

The  New  London  Mine 

The  New  London  mine  is  an  old  property  on  the  southern  end  of 
the  western  copper  belt  of  Maryland  which  extends  northeasterly  to  the 
Liberty  mine,  fonnerly  the  largest  copper  producer  of  the  State.  The 
total  output  of  copper  of  all  Maryland  mines  has  been  rela.tively  small, 
but  these  deposits  have  furnished  limited  quantities  of  rich  ore.  The 
principal  workings  of  the  New  Loudon  mine  in  1909,  at  the  time  of  our 
visit,  were  a  shaft  210  ft.  deep  and  a  stope  in  the  bottom.  Older  workings 
consisted  of  an  inclined  shaft  to  the  173-ft.  level  and  a  number  of  stopes, 
all  of  which  were  pretty  well  filled  with  waste.    The  ore  from  the  bottom 
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stope  was  principally  cbalcocite,  with  minor  quantities  of  boroite, 
and  with  gangue  of  coarse  crystalline  pinkish  calcite,  blebs  of  white 
quartz,  and  interfolded  and  crushed  country  rock.  The  small  output 
has  consisted  in  part  of  hand-sorted  ore  running  10  to  11  per  cent,  in  copper 
and  more  recently  of  concentrates  of  higher  grade.  Sampling  of  the 
ore  at  a  depth  of  210  ft.  is  reported  to  have  shown  an  average  content 
of  4.9  per  cent,  of  copper.  Fyrite  was  reported  in  small  quantity  at  the 
bottom  of  the  200-ft.  level,  but  none  was  observed  by  the  writers. 

Since  the  visit  of  1909  a  100-ton  concentrating  mill  has  been  put  up 
on  the  property  and  the  new  inclined  shaft  has  been  sunk  to  the  300- 
ft.  level.  On  the  200-ft.  level  the  drift  has  been  extended  305  ft.  easterly 
and  95  ft.  to  the  west.  The  ore  shoot  is  reported  to  extend  150  ft.  on  this 
level,  with  an  average  content  of  3.6  per  cent,  copper. 

Description  of  the  Ores 

The  ores  may  be  roughly  divided  into  two  types,  that  may  be  desig- 
natod  as  (1)  typical  "vein"  ore  and  (2)  banded  or  schistose  ore. 

The  first  type,  so  far  as  observed,  occurs  in  the  wider  portions  of 
the  vein.  It  consists  of  coarsely  crystalline  calcite,  quartz,  and  sulphide. 
Barite  was  noted  in  some  of  the  thin  sections  examined,  but  was  not 
detected  in  the  hand  specimens.  Chalcopyrite*  is  reported  from  the  dis- 
trict, but  was  not  observed  by  the  writers.  The  sulphide  is  mainly  cbal- 
cocite, with  bomite  scattered  in  small  particles  through  it.  The  calcite 
and  quartz  are  in  crystals  and  aggregates,  in  some  cases  exceeding  an  inch 
in  diameter. 

The  calcite  varies  from  nearly  white  to  light  pink  in  color.  No 
quantitative  chemical  work  has  been  done  on  this  mineral,  but  it  con- 
tains the  merest  trace  of  magnesium,  manganese,  and  iron.  The  presence 
of  manganese  is  shown  by  the  oxides  of  this  metal  that  result  from  the  sur- 
face alteration.  The  quartz  and  calcite  are  contemporaneous  in  origin, 
each  mineral  including  the  other,  and  the  barite  observed  is  contempo- 
raneous with  the  carbonate,  though  its  relation  to  the  quartz  was  not 
noted.  A  large  part  of  the  sulphide  in  this  type  of  ore  is  later  than 
the  quartz  and  calcite.  It  surrounds  the  crystals  and  enters  along 
fracture  and  cleavage  planes,  and  replaces  both  quartz  and  calcite.  (See 
Fig.  1.)  To  a  slight  extent  the  sulphide  is  contemporaneous  with  the 
gangue  minerals,  being  completely  inclosed  in  quartz  and  calcite  crystals 
that  have  surrounded  the  sulphide  grains  in  the  process  of  growth.  The 
cbalcocite  is  notably  well  crystallized,  crystal  faces  exceedii^  ^  in.  in 
greatest  dimension  being  present  in  the  specimens. 

Bomite  occurs  in  small  irregular  grains  through  the  cbalcocite.  At 
first  glance  the  sulphide  appears  to  be  pure  cbalcocite,  but  on  clrae  ex- 
■  Weed,  W.  H. :  The  Copper  Mine*  of  Ike  World,  p.  267  (1907). 
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amiDation  small  irregular  areas  of  bormte  can  be  seen  in  all  the  specimens 
of  massive  chaleoeite  examined. 

Microscopic  examination  of  polished  and  etched  faces  of  the  sulphide 
shows  that  very  commonly  the  bomite  occurs  between  the  chalcodte 
crystals  and  frequently  occupies  fractures  in  them.  (See  Fig,  2.)  In 
other  instances  there  is  a  parallel  intergrowth  of  lath-like  crystals  of 
bormte  and  chaleoeite.  In  such  cases  the  several  lath-like  bodies  are 
apparently  portions  of  an  individual  crystal,  all  having  a  uniform  orienta- 
tion.    In  many  instances  the  bormte  occurs  as  small  specks  through  the 


Fig.  1. — "Vein"  Ore,  New  Londoj*  Mine,  Seowiua  Relation  of  Suij>an>B  to 
Ganove  Minerals.    Dark  areas.  Sulphide.    Light  areas,  mainly  Calcite. 

chaleoeite,  but  frequently  with  a  definite  arrangement  that  suggests 
intergrowth. 

A  similar  relation  exists  between  different  chaleoeite  crystals  as 
that  between  chaleoeite  and  bomite.  Lath-like  crystals  of  chaleoeite 
are  frequently  inclosed  in  irregular  chaleoeite  crystals,  and  chaleoeite 
crystals  occur  between  other  crystals  and  extend  into  fractures. 

As  already  indicated,  some  of  the  bomite  is  undoubtedly  later  than 
some  of  the  chaleoeite,  and  in  no  instance  is  there  positive  evidence 
that  the  bomite  has  been  replaced  by  chaleoeite.  For  the  most  part  the 
two  sulphides  are  contemporaneous.  The  interlocking  of  the  chaleoeite 
crystals  is  similar  to  that  resulting  from  the  crystallization  of  a  metal 
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or  that  of  a  granular  igneous  rock.  There  is  no  structural  indication 
that  the  chalcocite  has  resulted  from  the  replacement  of  an  earlier 
sulphide. 

The  banded  or  schistose  ore  may  occupy  the  entire  "vein"  in  the 
narrower  parts  or  only  a  portion  where  the  "vein"  is  wider.  Typically 
it  exhibits  a  finely  laminated  structure  with  successive  layers  of  light 
and  d&rk  bands.     In  some  specimens  the  individual  layers  have  a  thick- 


Fio.  2.— "Vein"  Ore.     X  30.    Saowiuo  Relation  of  Chalcocite  and  Bornitk. 

Small  bodies  lying  between  largw  ciystalB  and  connected  by  narrow  stringer,  Bomite. 

Large  crystals,  Chalcocite.    Bornite  occupies  fissive  in  Chalcocite. 

ness  not  exceeding  tV  in-,  while  in  other  instances  bands  composed 
lai^ely  of  dark  or  light  minerals  will  have  a  thickness  of  J  in.  These 
banded  ores  include  lenticular  nodules  in  which  the  banding  is  much  less 
distinct.  The  banded  ore  has  the  general  appearance  of  a  schist  that  has 
resulted  from  the  metamorphism  of  a  rock  in  which  bome  of  the  more 
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resistant  portions  still  rettun  their  identity  in  part  though  drawn  out  into 
lenticular  form.     (See  Fig,  3.) 

In  this  type  of  ore  the  light  bands  are  composed  mainly  of  calcite 
and  quartz,  calcite  being  much  more  abundant  than  quartz,  while  the 
dark  bands  are  due  to  the  presence  of  the  copper  sulphides.  Near 
the  walls  of  the  "vein"  and  in  some  instances  at  some  distance  from  the 


Fio,  3.— "Schistose"  Orb.     X  30.    Showikq  Relations  op  Solpkidb  to  Gak(;i-e 

Minerals. 

Dark  areaa,  Siilphido.    light  areas,  mainly  Calcite. 

walls,  chlorite,  specutarite,  and  muscovite  are  abundant.  TounoaJine 
and  titanite  are  locally  abundant  in  the  banded  ores  and  feldspar  is 
present  in  small  amounts.  The  calcite,  quartz,  and  sulphide  of  this 
type  of  ore  have  been  crushed  and  recrystallized.  Abundant  examples 
are  to  be  seen  when  each  of  these  minerals  includes  the  others,  indi- 
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eating  contemporaneous  crystallization.  The  brittle  sulphide  has  been 
crushed  and  drawn  out  into  bands  composed  of  small  fragments. 

The  tourmaline  occurs  in  small  crystals  showing  pleochroiam  from 
light  to  daj'k  brown.  These  can  rarely  be  seen  with  the  unaided  eye, 
but  are  readily  detected  with  the  hand  lens  when  their  presence  is  known. 
Under  the  microscope  they  are  found  included  for  the  most  part  in  the 
other  minerals,  but  rarely  sulphide  is  inclosed  in  the  tourmaline  crystals. 
The  crystals  in  general  lie  in  a  plane  parallel  to  the  banding.  (See  Fig.  3.) 
The  mineral  appears  to  have  formed  in  the  early  stages  of  the  recrystalliza- 
tion  including  fragments  of  the  sulphide,  but  later  it  was  included  in  the 
carbonate,  quartz,  and  orthoclaae,  and  also  in  recrystallized  chalcocite. 
The  titanite  is  in  small  granules  apparently  formed  at  about  the  same 
time  as  the  tourmaline  and  the  two  are  frequently  intimately  associated. 

As  already  stated,  near  the  walls  and  apparently  wherever  the  wall 
rock  has  been  included  in  the  vein,  chlorite  and  specularite  become 
abundant  in  the  ore  and  muscovite  is  of  common  occurrence.  These 
minerals  are  similar  in  their  character  and  occurrence  to  those  in  the 
schists  which  form  the  wall  rock. 

The  sulphides  recognized  in  the  sohistoae  ore  are  chalcocite,  bornite, 
and  pyrite. 

The  relations  of  the  chalcocite  and  bornite  are  in  every  way  simitar 
to  those  already  described-  Only  a  few  small  grains  of  pyrite  were  noted. 
They  were  apparently  among  the  first  minerals  formed,  and  in  no  in- 
stance observed  was  there  any  replacement  of  pyrite  by  copper  sulphide. 

Relation  of  the  Tivo  Types  of  Ore 

Where  the  two  types  of  ore  come  together  there  is  commonly  a  gradual 
transition  from  the  one  to  the  other. 

This  relation  suggests  that  the  schistose  ore  may  have  resulted  from  a 
metamorphiam  of  the  vein  due  to  slight  movement  under  conditions  of 
considerable  heat  and  pressure.  The  dynamic  metamorphiam  of  ore  de- 
posits in  the  Appalachian  region  has  been  described  by  Emmons,^  and  need 
not  be  discussed  here  further  than  to  say  that  it  has  been  noted  by 
several  observers  in  widely  separated  localities  in  the  southern  as  well  as 
the  northern  Appalachians. 

Genesis  of  the  Svlpkidea 
The  genesis  of  the  deposits  will  not  be  discussed  except  as  to  the 
orijpn  of  the  sulphides;  namely,  whether  they  are  "secondary" — that 
is,  resulting  from  the  replacement  of  earlier  sulphides — or  whether 
they  were  deposited  essentially  as  they  are  now  except  fia  affected  by 
dynamic  metamorphism. 

*EmmonB,  W.  H.:  Economic  Oti^gv,  vol.  iv,  No.  8,  pp.  756  to  781  (Deo.,  1909). 
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nized  in  the  deposit,  and  further,  that  there  is  no  indication  in  the  stuc- 
ture  of  the  chalcocite  that  it  has  replaced  any  earlier  sulphide. 

The  intimate  intergrowth  of  the  sulphides  with  carbonate  seems  a 
strong  additional  argument  against  considering  them  as  resulting  from 
downward  sulphate  solutions.  Theoretically  one  would  expect  the  copper 
sulphate  solutions  would  react  with  the  carbonate  of  the  gangue  to  form 
the  relatively  stable  copper  carbonate  and  that  there  would  be  slight 
migration  of  the  copper  solution.  Such  is  known  to  be  the  case  in 
instances  where  sulphides  are  intimately  associated  with  a  carbonate 
gangue.^  Spencer*  has  recently  shown  that  calcite  does  not  precipitate 
copper  from  a  solution  which  contains  both  cupric  and  ferrous  sulphates. 
Some  of  the  carbonate  in  the  gangue  of  the  ore  contains  a  little  itod, 
but  that  it  is  a  precipitant  of  copper  is  amply  shown  by  the  presence 
of  malachite  along  cleavages  in  the  carbonate  where  incipient  oxidatioD 
of  the  chalcocite  has  taken  place.  It  has  also  been  shown  experimeatally 
that  the  calcite  of  the  gangue  will  readily  precipitate  copper  as  car- 
bonate from  a  sulphate  solution.  It  does  not  seem  probable,  there- 
fore, that  the  copper  could  have  been  transported  as  sulphate  and  have 
replaced  another  sulphide  entirely  inclosed  in  a  carbonate  grain. 

The  coarse  crystalline  structure  of  the  "vein"  ore  and  gangue  suggest 
deep-seated  and  not  surface  ongin. 

The  evidence  seems  to  the  writers  to  point  to  the  conclusion  that 
the  chalcocite,  which  is  the  principal  sulphide  in  the  deposit  at  the  New 
London  mine,  was  deposited  without  the  replacement  of  an  earlier 
sulphide. 

'Bard,  D.  C. :  Economie  Geology,  vol.  v,  No.  1,  p.  S9  (Jan.,  1910). 
•Spencer,  A.  G.:  Eeanomie  Geology,  vol.  viii,  No.  7,  p.  648  (Oct.,  1913). 
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Effects  of  the  Bag  House  on  the  Metallurgy  of  Lead 


B  ANDBH80N,  MIDVALB,  UTAH 
OakLiike  Mcetinc,  Auciut,  1B14) 

Fob  some  years  past  the  annual  reviews  of  the  metallurgy  of  lead  have 
almost  uniformly  stated  that  there  have  been  no  great  changes,  such  as 
there  were,  being  more  particularly  noticeable  in  the  refinement  of  details. 
While  this  is  quite  true,  nevertheless  these  changes  ta  details  are  gradually 
bringing  about  a  condition  that,  taken  as  a  whole,  constitutes  a  consider- 
able advance  in  the  art.  Local  circumstances  have  often  compelled 
metallurgists  to  adopt  certain  peculiarities  of  practice  which  upon  trial 
have  been  found  advantageously  applicable  to  more  than  the  restricted 
district  of  origin.  This  paper  will  deal  with  some  of  the  more  novel 
features  developed  in  recent  years  at  the  United  States  smelter,  Midvale, 
Utah,  particularly  with  reference  to  the  influence  of  the  bag  house. 

The  plant  is  equipped  with  six  blast  furnaces,  48  by  160  in.,  mechanic- 
ally fed;  four  Wedge  furnaces  for  roasting  matte  and  sulphide  ores;  four 
Dwight-Lloyd  sintering  machines;  20  converter  b<«es  for  blast  toasting; 
storage  bins  for  ore,  fuel,  and  fluxes;  "oxide"  and  "sulphide"  sampling 
mills;  bag  house  taking  all  the  gases  of  the  plant;  arsenic  plant  for  treat- 
ii^  the  dust  gathered  there;  laboratory,  shops,  etc. 

The  most  marked  feature  of  the  plant  is  its  complete  bag-house  system. 
Of  the  many  schemes  thus  far  tried  for  preventing  damage  to  surrounding 
agricultural  interests  the  writer  is  aware  of  none  as  yet  quite  as  efhcient 
as  the  bag  house.  A  common  remark  of  visitors  upon  approaching  the 
plant  and  viewing  the  clear  stacks  is  that  it  appears  to  be  shut  down, 
whereas  once  inside  all  the  evidences  of  industry  are  found. 

Bag-housing  blast-furnace  gases  presents  no  peculiar  difficulties.  The 
gases  from  properly  run  furnaces  are  comparatively  cool,  contain  scarcely 
a  trace  of  acid  and  do  not  burn  the  filtering  medium.  All  that  is  required 
is  a  proper  mechanical  design  of  the  bag  house  and  its  accessories,  the 
provision  of  ample  filtering  area,  and  of  convenient  means  for  handling 
and  treating  the  product.  While  cotton  or  duck  bags  have  been  used, 
on  the  whole  woolen  b^s  woven  of  the  raw  wool  appear  to  give  suffi- 
ciently longer  life  to  warrant  their  heavier  expense.    As  for  the  filtering 
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area  required,  no  definite  rule  can  be  laid  down,  as  it  is  dependent  upon 
the  amount  of  and  physical  character  of  the  fume  carried  in  the  gases  and 
the  frequency  and  efficiency  of  shaking.  However,  from  0.3  to  1.5  cu.  ft. 
per  minute  have  been  filtered  per  square  foot  of  area  supplied,  with  0.5 
to  0.7  cu.  ft.  per  minute  the  more  usual  quantities.  The  pressure  carried 
is  usually  from  1  to  2  in.  of  water.  Higher  pressures  can  be  carried,  with 
consequent  greater  filtering  capacity,  but  at  the  expense  of  more  power 
and  a  somewhat  shorter  life  of  the  bags. 

The  dust  in  the  Midvale  bag  house  is  caught  inV-shaped  steel  hoppers, 
through  the  bottoms  of  which  run  9-in.  screw  conveyors  by  means  of 
which  the  dust  is  regularly  removed  into  tram  cars  which  carry  it  to  the 
arsenic  plant  for  treatment.  This  idea,  which  was  developed  here,  has 
resulted  in  much  healthier  conditions  for  the  attendants  and  has  been 
applied  since  to  other  bag  houses,  some  of  which  use  no  hoppers  but  let 
the  dust  form  its  own  slope  in  closed  cellars  down  to  the  screw.  How 
successful  this  is  cannot  be  definitely  stated,  but  as  most  dust  tends  to 
"  hang  up, "  requiring  some  rapping  of  the  steel  hoppers  to  bring  it  along, 
there  is  the  possibility  that  screw  conveyors  may  not  be  entirely  e£Fective 
when  applied  in  rectangular  cellars.  It  is  to  be  noted  that  screw  convey- 
ors as  ordinarily  used  run  in  semicircular  or  square  boxes.  The  natural 
extension  of  the  idea  to  dust  hoppers  would  be  to  simply  attach  the  boxes 
to  the  hoppers  as  in  ^4  or  £  of  Fig.  1.  With  bag-house  dust,  however, 
such  arrai^ements  will  invariably  choke  up  and  stop  the  worms.  A 
better  arrangement  is  shown  in  section  at  C.  This  arrangement  seems  to 
give  the  dust  a  chance  to  relieve  itself  on  the  sides  instead  of  choking  and 
breaking  the  screws.  The  present  manner  of  shaking  the  bags  was 
developed  some  years  ago  at  this  plant  in  an  effort  to  save  expense  in  the 
replacement  of  torn  bags.  It  consists  simply  of  cutting  oEF  the  blast  from 
any  one  hopper  and  applying  a  slight  vacuum,  repeating  the  operation 
two  or  three  times.  It  is  not  as  efficient  as  hand  shaking  or  shaking  by 
mechanical  means.  It  is,  however,  healthier  than  hand  shakii^  and, 
when  done  often  enough  (every  8  hr.  at  Midvale),  is  sufficient.  Further- 
more, bags  often  reach  a  peculiar  state  of  fragility,  when  they  are  still 
efficient  filtering  mediums  but  so  weak  that  they  tear  if  handled  roi^ly. 
It  qan  be  readily  understood  that  gentle  alternate  deflation  and  inflation 
in  place  of  rough  shakii^  will  greatly  prolong  their  life  when  in  this 
condition. 

In  contrast  to  blast-furnace  gases,  thc^e  from  the  roastii^  operations 
present  many  difficulties,  due  chiefly  to  their  heat  and  the  fact  that  they 
carry  appreciable  quantities  of  sulphur  trioxide  (S0»).  In  cooling  the 
gases  sufficiently  to  avoid  charring  the  bags  this  sulphur  trioxide  unites 
with  the  water  vapor  and  becomes  exceedingly  destructive  to  the  bags, 
whether  of  cotton  or  of  wool.  Under  some  conditions  of  roasting,  where 
the  ores  are  high  in  lead  or  zinc,  the  fumes  from  these  metals  unite  with 
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bag-house  their  roaster  gases.  As  a  matter  of  fact,  blast-furnace  gases 
carrying  practically  no  acid  should  not  be  nearly  as  harmful  to  vegetation 
as  those  from  roasting  operations,  which  are  so  hot  as  to  permit  little 
settlir^  of  lead  and  arsenic  fumes  and  usually  carry  noticeable  quantities 
of  sulphuric  acid.    The  neutralization  of  this  acid  effects  two  things, 
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Different  Arrangemeata  of  Hoppera  and  Conveyor  Boxes. 


permitting  filtration  through  woolen  b^s  and  nullifyii^  the  harmful 
effect  of  the  acid  on  v^etation. 

In  the  matter  of  metallurgical  recovery  the  bag  housing  of  roaster 
gases  is  also  more  important  than  that  of  furnace  gases.  In  his  paper 
on  the  b^  house  before  the  Institute  in  1912,^  Anton  Eilers  gave  figures 
which  showed  that  the  operation  of  the  bag  house  on  furnace  gases  in- 
volved an  actual  loss  financially  when  all  items  were  taken  into  account. 
This  should  prove  true  in  all  plants  where  the  furnaces  carry  a  small 

1 U.  S.  patante  Nob.  93151S  and  9B2391. 

■Notes  on  Bag-Filtration  Plants,  Trans.,  xliv,  708  to  735  (1912). 
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all  values  that  are  economically  worth  while.  With  more  lead  on  the 
chaise,  however,  and  when  ^ricultural  interests  must  be  protected  the 
htig  house  is  well  worth  while.  But  from  the  standpoint  of  metallurgy 
the  roaster  gases  are  those  which  will  pay  the  largest  returns  on  the  invest- 
ment. If  hot  tops  in  blast-furnace  work  are  the  cause  of  metal  losses  it 
is  just  as  certain  that  the  heat  engendered  in  roasting  likewise  produces 
metal  losses.  This  was  indeed  the  primary  reason  for  abandoning  the 
old  "fusion-box"  type  of  roaster.  At  Midvale  the  fume  collected  in  the 
bag  house  from  the  roaster  gases  carries  35  to  42  per  cent,  lead  and  about 
10  oz.  silver  per  ton,  whereas  that  from  the  furnace  gases  carries  only 

m  tn  <}•>  Txa.-    oont      U^A    on^    looo    tkor.    1     »..      ^t   olNro-  r^a^  t^^ 
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any  lead  smelter  in  this  country  has  such  an  extensive  system  ending  in  a 
stack  as  to  prevent  a  dense  cloud  escaping  from  that  stack,  unless  all  the 
fume  b  filtered. 

A^de  from  the  acid  nature  of  the  roaster  gases,  overcome  by  the 
Sprague  process  of  neutralization,  the  cooling  of  these  gases  has  been  the 
most  serious  problem  in  bag  housing  them.  Many  efforts  have  been 
made  to  produce  filtering  fabrics  which  would  withstand  both  heat  and 
acidity,  such  as  by  chemically  treating  cotton  and  wool,  using  asbestos, 
etc.  These  efforts  are  to  some  extent  misdirected,  for  effectual  filtering 
cannot  be  accomplished  until  the  gases  are  cooled  sufBciently  to  get  the 
fumes  into  a  condition  more  nearly  approximating  what  is  considered 
solid  matter,  nor  can  the  gases  be  so  cold  that  condensation  of  moisture 
occurs  to  destroy  the  filter  fabric.  Any  attempt  to  fitter  hot  gases  will 
be  disappointing,  resultii^  in  visible  clouds  of  smoke  as  the  gases  pasaii^ 
throi^h  the  bags  meet  the  outer  air,  become 'cooled,  and  precipitate  the 
fumes  which  had  escaped  the  bags  in  a  fine  state  of  division.  As  long  as 
tbe  gases  are  hot  the  minute  particles  of  fume  seem  to  repel  each  other 
and  exist  in  a  sort  of  smoky  cloud.  Cooled,  however,  they  tend  to  coal- 
esce and  thereby  reach  a  state  wherein  they  are  easily  retuned  in  the 
meshes  of  the  bf^s.  Those  who  have  given  any  study  at  all  to  the  matter 
are  well  aware  of  the  distinction  between  true  Sue  dust  and  fume.  The 
former  can  be  quite  readily  settled  out  of  the  gases  by  large  chambers, 
centrifugal  devices,  or  wet  washers.  But  lead-smelter  gases  carry  as  their 
chief  solids,  in  addition  to  flue  dust,  various  metals,  principally  lead,  zinc, 
and  arsenic  and  their  compounds,  in  a  state  of  extreme  fineness,  popularly 
mistaken  for  volatilization.  The  failure  to  reci^nize  the  distinction 
between  flue  dust  and  fume  has  resulted  in  many  failures  in  efforts  to 
apply  to  smelter  gases  wet  washers  or  centrifugal  devices  which  were 
quite  effective  on  the  gases  from  iron  blast  furnaces.  What  success  has 
been  attained  with  wet  washers  has  been  chiefly  due  to  the  cooling  action 
effected.     The  importance  of  cooling  cannot  therefore,  be  overestimated. 

Two  difficulties  brought  on  by  simple  cooling  in  flues  are  overcome  by 
the  bag-house  system  as  now  developed.  The  poor  draft  in  stacks 
resulting  from  cool  gases  is  taken  care  of  by  the  forced  draft  used.  The 
precipitation  of  water  vapor  and  its  combination  with  SOj  to  form  actual 
H1SO4  is  overcome  by  neutralization.  The  effectiveness  of  this  neutraliza- 
tion is  illustrated  by  measures  taken  to  preserve  certain  steel  cooling  flues. 
Originally  most  of  the  neutralizer  was  admitted  to  the  flue  system  where 
it  would  be  most  effective;  that  is  to  say,  some  distance  from  the  roasters, 
where  the  gases  were  cooler.  But  cooling  had  proceeded  far  enough 
between  these  two  points  to  cause  the  gases  to  seriously  corrode  the  steel 
plates.  Finally  a  certain  amount  of  slacked  lime  was  fed  into  the  gases 
at  the  beginning  as  well  as  at  the  end  of  the  cooling  flues.  From  that  time 
on  internal  corrosion  ceased  entirely. 
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Three  methods  of  cooling  are  commonly  in  use:  by  dilution  with 
external  air,  by  passing  through  thin  metal  flues,  and  by  spraying  with 
water.  The  first  method  has  only  a  limited  application,  lest  the  quantity 
of  gas  handled  become  excessive.  The  second  method  is  probably  the 
more  extenuvely  used.  The  rate  of  heat  transmission  through  sheet- 
steel  plates  about  }  in.  thick  under  amelter  conditions  appears  to  be 
about  0.02  to  0,04  B.t.u.  per  minute  per  square  foot  of  cooling  surface 
per  degree  Fahrenheit  difFerence  between  interior  and  exterior  tempera- 
tures, depending  upon  cleanliness  of  the  flues,  convection  by  winds, 
shading  from  direct  raya  of  the  sun,  etc.  In  computing  the  required 
area  of  a  flue  for  cooling  it  is  not  sufficient  to  assume  the  mean  interior 
temperature  as  the  arithmetical  mean  of  the  initial  and  final  temperatures, 
for  the  drop  in  temperature  proceeds  more  slowly  as  the  gases  become 
cooler.  If  h  be  the  initial  temperature  of  the  interior  gases,  U  the  final 
temperature,  and  t,  the  temperature  of  the  external  air,  the  mean 
temperature  difference  9m  between  inside  and  outside  will  be 
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In  the  use  of  sheet-metal  fiues  it  has  been  found  by  experiment  that 
the  cooling,  within  certain  limits,  is  proportional  to  the  square  root  of  the 
velocity.  For  this  reason  it  is  advisable  to  keep  the  velocity  high  in 
such  flues,  which  also  tends  to  avoid  too  heavy  a  deposition  of  the  heat- 
insulating  dust. 

Cooling  by  water  sprays  has  been  used  to  some  extent  and  will  un- 
doubtedly be  extended  now  that  efficient  atomizing  nozzles  are  obtainable. 
Care  must  be  used,  however,  that  too  much  water  be  not  used  and  the 
saturation  point  of  the  gases  be  not  too  closely  approached,  as  any 
dampness  of  bags  is  fatal  to  their  life.  It  is  an  interesting  fact  that  by 
full  utilization  of  the  latent  heat  of  evaporization  gases  can  be  cooled 
by  warm  water  below  the  temperature  of  the  water  itself.  Those  who 
are  interested  in  this  subject  are  referred  to  a  paper  by  Willis  H.  Carrier, 
entitled  Rational  Psychrometric  FormulsB.* 

In  the  Midvale  bag  house,  roaster  and  blast-furnace  gases  and  dusts 
are  kept  entirely  separate.  The  roaster  dust,  carrying  9  to  16  per  cent, 
arsenic,  is  briquetted  with  other  flue  dust  and  fine  ores.  The  lime  fed 
in  as  a  neutralizing  agent  provides  an  efficient  binder.  These  briquettes 
are  then  charged  to  the  blast  furnaces.  The  dust  from  the  blast-fumare 
section  of  the  bag  house  carries  from  35  to  45  per  cent,  arsenic.  This  du5t 
is  treated  in  the  arsenic  plant,  where  by  two  successive  volatilizations  a 
high-grade  fine  white  commercial  arsenic  product  is  made,  runnii^  better 


'  TroTuactiona  of  the  American   Society  of  Mechanictd  Enffineen,  voL  xxx 
1005  to  1039  (1911). 
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than  99.5  per  cent.  AstOt-  It  is  seen,  therefore,  that  there  ia  a  gradual 
concentration  of  the  arsenic  through  the  successive  steps  of  the  roasters, 
the  bag  house,  the  briquetting  press,  the  blast  furnaces,  the  bag  house 
again,  and  finally  the  s,rsenic  plant. 

The  details  of  arsenic  manufacture  were  ably  treated  last  year  before 
the  Institute  by  James  O.  Elton.  Further  comment  must  be  restricted 
to  mentioning  the  troubles  experienced  when  the  blast-f  umsce  bag-house 
dust  approaches  45  per  cent,  in  arsenic  content.  At  all  times  it  is  an 
infianunable  material.  The  success  of  the  hoppers  with  their  screw 
conveyors  is  due  to  their  being  kept  cool  by  free  air  circulation  around 
them  and  regular  frequent  removal  of  the  dust.  If  this  were  allowed  to 
accumulate  in  lai^e  quantities  it  would  catch  fire  and  bum  to  crusts, 
which  would  destroy  the  revolving  screws.  Furthermore,  the  arsenic 
content  must  be  kept  under  45  per  cent.  Or  the  dust  will  tend  to  bum 
in  the  cars  on  the  way  to  the  arsenic  plant,  giving  off  heavy  white  fumes, 
making  it  well-nigh  impossible  to  handle.  For  this  reason  the  metal- 
lurgist in  a  plant  of  this  kind  receiving  many  ores  b^h  in  arsenides  has  to 
watch  his  charges  for  arsenic  in  addition  to  the  usual  elements. 

Having  caught  the  material  which  formerly  escaped  from  the  stacks, 
his  problem  ia  to  extract  from  it  the  valuable  metals  and  get  the  arsenic 
out  of  the  system  as  quickly  as  possible,  minimizing  any  closed  circuits. 
Such  a  one,  for  example,  is  formed  in  the  briquetting  of  the  arsenic- 
plant  residue  or  sinter  after  roasting.  What  arsenic  was  not  roasted 
out  of  the  bag-house  dust  on  the  Brunton  hearths  goes  back  to  the  blast 
furnaces,  then  to  the  bag  house,  and  from  there  once  more  to  the  arsenic 
plant.  It  will  also  be  found  that  certain  of  the  less  common  elements 
will  tend  to  build  up  in  the  sinter  unless  it  be  eventually  removed  from 
the  system  for  further  treatment,  cadmium  being  especially  noticeable, 
in  addition  to  small  quantities  of  tellurium,  selenium,  etc.  All  told,  then, 
it  will  be  seen  that  the  b^-house  ^jrstem  introduces  some  interesting 
new  problems  that  the  lead  metallurgist  often  neglects  to  consider. 

It  is  worthy  of  note  that  the  bag  house  should  not  be  depended  upon 
as  a  "cure  all"  for  bad  furnace  rmining.  No  metallurgist  should  assume 
that  because  he  has  a  bag  house  to  catch  the  fume  he  can  be  reckless  about 
the  condition  of  his  furnace  tops  with  the  idea  that  the  bag  house  will 
catch  the  values  which  may  be  given  off.  In  the  first  place,  hot  tops  will 
produce  hot  gases,  which  will  be  hard  on  the  bags.  In  the  second  place, 
even  if  the  lead  fume  is  arrested  in  the  bag  house  it  has  to  be  treated 
again  at  heavy  expense,  and  with  a  second  loss  due  to  handling,  slag 
losses,  etc.  The  blast  furnaces  should  be  run  fully  as  carefully  with  a 
bag  house  as  without,  if  the  maximum  recovery  would  be  obtained.  To 
get  the  maximum  percentage  of  the  lead  into  the  bullion  with  a  mini- 
mum output  of  by-products  is  still  the  rule  for  high  recovery. 

Where  all  the  gases  of  a  lead  smelter  are  put  throt^h  a  bag  house  it 
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that  this  applies  only  when  all  the  gases  from  every  operation  whataoever 
are  filtered.  The  slag-aettling  furnace  has  proved  of  considerable  ud  in 
cleansing  the  slags  finally  rejected.  Its  actual  saving,  however,  cannot  be 
figured  from  the  difference  between  the  lead  in  the  slag  fed  to  it  and  the 
lead  in  the  slag  thrown  away.  A  considerable  amount  of  lead  must 
escape  from  the  stack  tc^ether  with  the  products  erf  combustioD.  It  is 
on  record  that  certain  metallurgical  plants  were  able  to  make  wonderful 
records  for  clean  slags,  only  to  find  after  a  year's  campaign  that  there  was 
a  distressing  and  mysterious  large  percentage  lose.  Such  expenence? 
as  these  are  forcing  metallurgists  to  recognise  the  fact  that  lead  is  rather 
an  elusive  metal  and  that  it  has  a  very  large  avenue  of  escape  in  the  fumes 
which  have  been  poured  out  so  unrestrainedly  in  the  past. 

The  installatioti  of  four  Dwight-Lloyd  sintering  machines  in  this  pt&ai 
introduced  an  unforeseen  complication  in  connection  with  the  bag-^iouse 
system.  Soon  after  they  were  gotten  into  operation  mysterious  sudd^i 
rises  of  temperature  and  pressure  in  the  fine  system  began  to  occur.  The 
dust  caught  in  the  b^s  changed  in  character,  becomii^  sticky  and 
clogging  them  up  so  much  as  to  require  vigorous  hand  shaking  to  frt« 
them.  Finally  one  of  the  aforementioned  sudden  rises  in  temperature 
became  so  great  as  to  set  fire  to  several  hundred  bf^,  the  dust  in  the  hop- 
pers and  flues  also  burning  vigorously.  It  began  to  appear  as  if  the 
gases  from  the  Dwight-Lloyd  machines  could  not  be  filtered.  As  the 
plant  could  not  run  milera  all  gases  went  through  the  bag  house,  eztenave 
exjwriments  were  set  under  way  in  an  effort  to  solve  the  difficulty.  It 
finally  became  clear  that  the  trouble  was  due  to  the  production  rf  free 
elemental  sulphur,  which  occurred  in  the  gases  in  a  state  of  vapor.  This 
free  sulphur  vapor  would  apparently  ignite  on  small  provocation,  there 
appearing  at  times  to  be  an  actual  spontaneous  combustion  of  the  material 
with  the  arsenic  present,  comiiderable  ar&enious  sulphide  being  produced, 
while  at  other  times  probably  sparlts  drawn  through  the  wind  boxes  of 
the  sintering  machines  were  the  cause  of  ignition.  The  steam  generated 
from  the  moisture  contained  in  the  sinterii^-machine  chaises  probably 
produced  the  neutral  or  reducing  atmosphoTe  required  in  the  Hall  process 
of  producing  free  sulphur.  Here,  however,  this  free  sulphur  was  most 
unwelcome  and  every  effort  was  made  to  oxidize  it  or  arrest  it  befwe  it 
reached  the  bag  house,  but  with  very  small  success.  Water  sprt^  of 
many  types  were  tried,  but  the  free  sulphur  vapor  proved  practically  a^ 
elusive  as  lead  fume,  which  all  metallui^ts  know  is  scarcely  touched  br 
water.  Strangely  enough,  the  percentage  of  free  sulphur  produced  be- 
came less  and  less  as  the  weather  became  warmer  and  the  mt  drier. 
Probably  if  the  machines  could  be  supplied  with  dry  air,  after  the  man- 
ner of  the  pyrites  burners  in  the  Mannheim  contact  process  for  the  manu- 


schemes  tried  was  the  use  of  crushed  limestone  od  the  grates  under  the 
ore  chai^  proper.  This  did  to  a  certain  small  extent  diminish  the  per- 
centage  of  free  sulphur  produced.  It  was  not  sufficient,  however,  to 
prevent  a  second  explosion  in  November,  1913,  when  the  atmospheric  air 
had  again  become  damp.  When  this  occurred  the  machines  were  shut 
down  except  for  sintering  pre-roasted  matte,  which  operation  did  not 
appear  to  generate  free  sulphur,  and  for  sintering  sulphide  ores  low  in 
pyrite. 

"Conservation  of  resources"  is  in  the  air  everywhere.  A  great  con- 
tribution to  this  conservation  is  the  closer  saving  of  the  raw  materials 
being  made  in  all  branches  of  industry.  The  lead  smelters  have  not  yet 
reached  the  perfection  of  saving  made  by  the  packers  who  boasted  of 
using  all  parts  of  the  pig  except  the  squec^l — and  are  accused  of  utilizing 
even  that  now  that  they  are  under  inveat^ation  by  the  Federal  govem- 
mentt  Yet  progress  is  being  made.  The  increasing  development  of 
hydrometallurgy  m&y  afford  a  market  for  the  acid  which  could  be  made 
from  the  sulphur;  even  the  iron  of  the  slags  may  be  recovered  in  such  proc- 
esses. In  this  progress  a  most  important  contribution  has  been  made  by 
such  men  as  Percy,  one  of  the  first  to  suggest  filtering  mediums  for  smelter 
fumes;  Lewis  and  Bartlett,  whose  successful  bag  process  was  the  inspira- 
tion of  many  bag  houses;  the  able  and  distinguished  technical  staff  of  the 
American  Smelting  A  Refining  Co.,  who  ^olved  many  troublesome  details; 
Robert  D,  Rhodes,  whose  patience  and  determination  brought  roaster 
gases  witiiin  the  province  of  the  bag  house;  Sprague,  whose  neutralization 
process  removed  a  large  stumblii^  block,  and  many  others  whose  names 
time  does  not  permit  us  to  recall. 
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Cblciridizliig  Leaching  at  Park  Cify 

BT  TBSODORB  P.  HOLT,  PAXK  CFIT,  UTAH 
(Suit  L«ke  MMtinc,  Auciut,  lOK) 

Outline  of  the  Process 

Thb  Mines  Operating  Co.'b  plant  at  Park  City,  Utah,  waa  designed 
to  treat  the  low-grade  fiUings  in  the  old  stopea  of  the  Ontario  mine.  These 
fillings  cany  6  to  14  oz.  of  silver,  1  to  2  ]b.  copper,  0.01  to  0.015  oz.  of  gold, 
and  a  small  percentage  of  lead  and  zinc.  The  treatment  consists  in  mix- 
ing the  crushed  ore  with  coal  dust  and  salt  and  then  roasting  in  a  new  type 
of  furnace  by  combustion  of  the  contained  fuel.  The  roasted  ore  is 
leached  with  an  acid  salt  solution  to  dissolve  the  silver,  gold,  copper,  and 
lead.  At  present  these  metals  are  precipitated  together  on  scrap  iron  and 
the  product  sold  to  a  refinery. 

The  only  new  feature  of  importance  in  this  scheme  of  treatment  is  the 
roasting  process,  which  makes  possible  the  chloridizii^  of  ores  without 
any  loss  of  the  valuable  metals,  and  at  a  very  low  cost. 

History  of  the  DevelopmefU  of  the  Process 

The  roasting  process  had  its  begimux^  in  connection  with  research 
work  at  the  Utah  State  School  of  Mines.  N.  C.  Christensen,  Jr.,  who 
held  one  of  the  School  of  Mines'  fellowships,  was  engf^ed  in  some  experi- 
mental work  on  blast  roasting.  At  the  same  time  I  was  doing  some  work 
on  the  insoluble  gold  in  Mercur  base  ores.  Mr.  Christensen  roasted  some 
of  this  base  gold  ore  in  his  pot  furnace,  and  found  that  when  he  mixed  a 
sufficiently  low  percentage  of  fuel  with  the  ore,  it  did  not  sinter  but 
roasted  to  a  teachable  product. 

We  considered  this  a  new  application  of  blast  roastii^,  and  proceeded  to 
test  out  a  lai^  number  of  ores  in  several  different  types  of  small  roasters 
which  we  constructed.  This  experimental  work  continued  well  into  the 
summer  of  1911. 

In  August,  1911,  the  Consolidated  Mercur  Gold  Mines  Co.  installed  a 


luiiG  ar&vrmg  on  ine  roasi<ea  ore  irom  tae  Don4>m.  uy  proper  aajuai- 
ment  we  hoped  to  maintaiD  a  permaaent  roasting  zone  ne&r  the  center 
of  the  column,  the  ore  moving  downward  as  roasted.  However,  we 
experienced  difficulty  in  getting  the  moving  mass  to  roaat  propo'ly, 
and  also  other  troubles  of  a  mechanical  nature  developed.  Mr.  Chris- 
tensen  at  thib  time  disposed  of  his  interest  in  the  process  to  G.  H.  Dem. 

We  continued  experimental  work  on  a  number  of  machines  of  varying 
design.  Up  to  the  time  construction  work  began  on  the  Mines  Operating 
Co.  mill  no  satisfactory  continuous  roaster  had  been  developed,  so  we 
decided  to  install  an  intermittent  roaster,  which  our  experience  had  demoQ- 
Btrated  would  give  a  satisfactory  product  for  subsequent  leaching  opera- 
tions. Accordingly,  we  installed  roasters  similar  to  the  one  shown  in  Fig. 
2,  the  construction  and  operation  of  which  will  be  described  in  its  proper 
place  in  the  description  of  the  plant. 

The  Plant 

The  Mines  Operating  Co/s  plant  is  installed  in  the  old  concentrstor 
of  the  Ontario  Silver  Mining  Co.  An  outline  of  the  present  scheme  of 
treatment  may  be  followed  by  reference  to  the  accompanying  flow  sheet 
(Fig.  1). 

A  second-Motion  electric  hoist,  opwatii^  1.2-ton  skips  in  balance, 
delivers  the  ore  from  the  haulage  tunnel  of  the  mine  to  a  bin  above  the 
crusher.  From  here  it  is  fed  by  a  Stephens-Adamson  apron  feedv  to  a 
trommel  with  IJ-in.  openings.  The  undersize  of  the  trommel  pasaea 
through  a  revolving  drier,  where  the  moisture  is  reduced  to  about  5  pa 
cent.  The  oversize  of  the  trommel  falls  upon  a  picking  belt,  where  mine 
wood  and  waste  are  removed.  It  then  passes  through  a  No.  5  Gates 
gyratory  crusher  and,  joining  the  drier  fines,  U<  elevated  to  the  crushed-ore 
storage  bin.  This  bin  has  a  capacity  of  400  tons  of  ore.  Sections  of 
the  same  bin  are  respectively  used  for  salt  and  coal  storage.  From  these 
bins  the  ore,  salt,  and  coal  are  fed,  in  the  required  proportions,  upon 
a  belt  conveyor  and  delivOTed  to  the  rolls  for  final  crushing.  The  feedas 
by  means  of  which  the  proportioning  and  mixing  are  done  are  of  the 
plunger  type,  the  feed  being  varied  by  changing  the  eccentric  throw. 
This  type  of  feeder  works  very  well  for  the  salt  and  coal  duat,  but  is  not 
v^y  satisfactory  for  ore,  on  account  of  rapid  wear.  The  mixed  ore  is 
crushed  in  two  sets  of  15  by  36  in.  rolls  and  is  elevated  to  the  mixed-ore 
bins  above  the  roasters. 

There  are  eight  shaft  roasters  of  the  intermittent  type,  ^mihw  to  the 
one  shown  in  Fig.  2.  The  roaster  shown  is  10  by  10  ft.  ioMde  the  valla. 
The  walls  are  reinforced  concrete  10  in.  thick.    About  2  ft.  above  the 
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bottom  is  a  wood  grating,  supporting  a  layer  of  coarsely  crushed  rock. 
The  space  below  this  grate  forma  an  air  chamber.  The  grate  supports 
the  roasting  charge,  and  also  distributes  the  air  blast. 

The  method  of  operating  the  roaster  is  as  follows:  A  special  starting 
"mix"  of  about  1  ton  is  prepared  in  front  of  the  roaster.  A  layer  of  coal 
dust  mixed  with  oil  is  then  spread  over  the  gravel  floor  of  the  roaster. 
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FiQ.  1.— Flow  Sbeibt  or  Minxs  OpssATiNa  Co.'s  Mill,  Pabk  City,  Utah. 


This  is  ignited  and  sufficient  blast  admitted  to  burn  it  rapidly  to  glowing 
coaU.  The  special  mix  is  then  shoveled  evenly  over  the  surface.  By 
the  aid  of  the  air  blast,  the  coals  ignite  the  fuel  in  the  ore,  which  begins  to 
roast.  Wlien  the  starting  layer  has  roasted  through,  bo  that  the  Are 
appears  on  top,  the  air  is  shut  off  for  a  few  minutes,  while  the  first  charge 
of  about  6  tons  is  dropped  from  the  mixed  bin  gate  into  the  roaster.  This 
is  spread  out  by  band  and  the  air  again  turned  on.    The  roast  is  allowed  to 
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proceed  until  it  appears  on  the  surface  of  the  charge.  Then  a  second 
charge  of  about  10  tons  is  dropped  on  and  4  hr.  later  a  final  choice  of 
about  the  same  amount.  This  brings  the  total  depth  of  charge  up  to 
about  7  ft.  Under  normal  conditions  this  will  roast  through  in  8  to  12 
hr. 

When  the  roasting  zone  has  reached  the  surface  at  all  pointe  the  air 
blast  is  shut  off.  The  discharge  door  is  opened  and  a  sluicing  apron  in- 
serted, to  connect  with  the  launders.  The  hot  roasted  ore  is  then  sluiced 
out  with  mill  solution.     The  sluicing  nozzle  is  made  of  hard  wood  and  has 


Fia.  2. — Shaft  Roasteb. 

a  Ij-in.  nozsle  opening.  It  operates  under  a  head  of  45  ft.  The 
nozzle  18  suspended  in  position  in  front  of  the  discharge  door.  The  opera- 
tor stands  at  one  aide,  to  avoid  the  numerous  steam  explosions,  and  directs 
the  nozzle  with  a  long  rod.  Under  normal  conditions  it  takes  from  1  to  3 
hr.  to  Eluice  out  a  roaster  charge  of  24  tons. 

From  the  roasters  the  hot  oremixed  with  mill  solution  passes  by  means 
of  launders  to  the  leaching  tanks.  The  leaching  tanks  are  20  ft.  in  diam- 
eter and  12  ft.  deep.  There  are  six  of  these,  each  holding  136  tons  of  ore. 
In  the  bottom  of  each  tank  is  a  12-in.  round  discharge  hole  ft^  sluicing 
out  the  tailing.  This  is  closed  by  a  turned  wood  plug,  having  a  4  hy  4 
in.  stem  extending  to  the  top  of  the  tank.  For  convenience  in  sluicii^ 
out,  the  discharge  hole  is  surrounded  by  a  box  extending  to  the  top  of  the 
tank  and  provided  at  intervals  with  13  by  12  in.  sluice  gates. 

Of  the  various  filter  bottoms  tried,  one  made  of  4-iii.  drain  tile  has 
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aide.  This  tile  system  conaects  at  one  side  of  the  tank  with  a  3-in. 
wood-pipe  solutioD  line. 

The  solution  lines  from  the  leaching  vats  lead  to  a  distributing  box. 
Here  the  soluticm  is  directed  either  to  the  "weak"  tank  or  the  "silver" 
tank,  dependii^  upon  its  metal  content.  From  the  weak  storage  tank 
the  solution  is  pumped  back  for  sluicing  purposes,  while  from  the  silver 
tank  it  goes  to  the  precipitating  boxes. 

The  iron  precipitation  boxes  are  similar  in  design  to  the  wood  zinc 
boxes  sometimes  used  in  cyanide  mills.  They  are  larger,  however,  and  so 
constructed  that  the  iron  tie  rods  are  not  in  contact  with  the  acid-soaked 
wood.  From  the  precipitation  boxes  the  solution  passes  to  the  barren 
sump  and  is  returned  as  a  leaching  solution  to  the  vats. 

New  Features 

Having  followed  the  ore  treatment  through  in  a  general  way,  we  will 
now  return  to  discuss  more  in  detail  certain  features  that  are  more  or  less 
new. 

Importance  of  Proper  Mixing 

Perhaps  the  most  important  step  in  the  whole  operation  is  the  proper 
mixing  of  the  ore  preparatory  to  roasting.  Roasting  for  lixiviation  re- 
quires a  very  close  regulation  of  temperature.  The  best  results  on  many 
ores  are  obtained  between  600°  and  700°  C.  In  any  case,  to  sinter  parts 
of  the  ore  is  to  render  it  unfit  for  subsequent  iixiviatioo.  The  three  chief 
factors  which  determine  the  temperature  are:  (1)  the  percentage  of  fuel 
in  the  mixliure,  (2)  the  percent^e  of  moisture  in  the  mixture,  and  (3) 
the  amount  of  air  blown  ttirough  the  oharge  per  unit  of  time.  The  first 
of  these  three  ia  much  the  most  important. 

Coal  dust  is  used  as  fuel.  The  present  supply  costs  25c.  per  ton  f.o.b. 
care  at  the  coal  mine.  Since  this  class  of  material  takes  a  cheap  freight 
rate  it  is  the  most  economical  fuel  to  use  under  our  conditions.  The 
amount  required  varies  from  2.4  to  3.0  per  cent,  of  the  weight  of  the  ore 


The  ore  as  it  comes  from  the  mine  is  very  wet.  The  drier  is  supposed 
to  reduce  the  moisture  to  about  5  per  cent. ,  but  the  variation  is  considerable. 
We  might  suppose  that  an  increase  in  moisture  would  lower  the  tempera- 
ture of  the  roast.  It  has  exactly  the  opposite  effect,  however,  and  it  is 
necessary  to  reduce  the  percentage  of  fuel  as  the  moisture  in  the  ore 


The  mill  was  designed  to  treat  150  tons  per  day.    It  is  handling  con- 
siderably more  than  this,  the  average  for  the  month  of  March  being  166 
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tons.  This  tonnage  ia  mixed  and  roUed  on  one  shift.  The  mixiiig  is  in 
charge  of  a  trustworthy  man  who  checks  up  the  feeders  by  weighing  the 
output  of  each  frequently. 

The  New  HoU-Dem  Roaster 
During  1913,  anew  continuous  roaaterwasdeveloped, which  overcomes 
the  difficulties  experienced  with  previous  machines.     A  full  description 
of  the  roaster  will  not  be  attempted  In  the  present  paper.     A  few  of  its 
general  characteristics  and  the  results  obtained  will  be  noted. 

We  installed  a  commercial-aize  machine  at  our  plant  in  December,  1913. 
Except  for  a  few  brief  delays  for  changes,  it  has  been  in  continuous 
operation.  In  the  Holt  and  Dern  roaster  the  column  of  ore  moves  down 
at  intervals  as  the  roasting  zone  travels  upward.  The  air  blast  travels 
in  an  opposite  direction  to  the  ore.  In  this  way  the  air  passes  first  up 
through  the  hot  roasted  ore  and  becomes  highly  heated.  It  then  passes 
through  the  roasting  zone  where  active  combustion  of  the  fuel  in  the  ore  Is 
taking  place,  and  finally  through  a  layer  of  moiat  unroasted  ore.  Hence 
when  it  leaves  the  roaster  it  is  fairly  cool  and  entirely  free  from  dust. 

Our  experience  at  this  plant  has  demonstrated  the  following  advan- 
tages in  this  roaster  over  the  intermittent  type  already  described: 
Comparative  Cost  Data  per  Ton  of  Ore  RoaHed 

Old  Holt  &  Dern 

Roaster  Roaster 

Labor $0,380  $0,054 

Power 0.019  0.0*5 

Repairs 0,028  0.020  (estimated) 

Starting  oil 0.038  

CoalduBt 0.046  0.046 

$0,539  $0,165 

A  series  of  extraction  tests  for  a  period  of  five  weeks  gave  an  average 
of  80.3  per  cent,  of  the  silver  for  the  old  roasters  and  86.4  per  cent,  for  the 
new  roaster.  This  is  on  the  coarse  crushing  we  have  found  most  econom- 
ical in  the  old  type  of  roaster.  Followii^  is  a  screen  siting  test  on  the  ore 
fed  to  both  roasters: 

Pot  cent. 
Siie  bjr  Weight 

-H/2in 10 

+  1/4  in 22 

+  I/Sin 33 

+  1/14  in 15 

-1/14  in 20 

The  ore  treated  is  a  dense  one  and  the  recovery  would  be  matmally 
increased  by  finer  crushing.     With  the  old  type  of  roaster  this  is  not  eco- 
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nomical,  while  itt  the  new  roaster  10  mesh,  and  even  finer  product,  may 
be  handled  very  well. 

The  salt  used  in  both  cases  was  equal  to  7.5  per  cent,  of  the  weight 
of  ore  roasted.  We  are  of  the  opinion  that  this  can  be  economically 
reduced  in  the  new  roaster,  but  this  has  not  been  determined. 

When  compared  with  the  roastii^  furnaces  commonly  employed  for 
preparing  ore  for  leaching  purposes  the  following  advantages  may  be 
pointed  out. 

1.  There  ia  no  perceptible  volatilization  loss  of  the  valuable  metals. 

2.  There  is  no  dust  loss. 

3.  An  ideal  product  for  percolation  is  furnished  even  when  the  raw  ore 
contains  much  slime. 

4.  Only  a  low  percentage  of  sn  inexpensive  fuel  is  required. 

5.  A  high  recoveay  without  fine  crushing  is  possible. 

6.  The  roaster  gases  are  concentrated,  cool,  and  easily  condensed  for 
leaching  purposes. 

The  Leaching  Process 

The  leachii^  process  is  very  simple.  There  is  in  fact  but  one  mill 
solution,  which  is  designated  as  "silver,"  "weak,"  or  "barren  "  depend- 
ing on  its  value  in  silver.  The  solution  is  made  up  merely  of  soluble  salts 
from  the  roasted  ore,  carrying  in  addition  about  4  lb.  of  free  acid.  The 
acid  is  in  part  supplied  from  the  condensed  roaster  fumes,  the  remainder 
being  added  as  sulphuric  acid.  At  such  times  as  the  ore  carries  a  con- 
siderable percentage  of  pyrite  no  extra  acid  is  required.  Of  the  salts 
taken  up  by  the  solution  from  the  roasted  ore,  during  leaching,  NaCI 
forms  the  greater  part.  Cblu-ides  and  sulphates  of  the  various  other 
metals  are  also  present. 

The  sluicing  out  of  the  roasters  into  the  leaching  vats  is  done  with 
weak  solution.  This  dissolves  the  greater  part  of  the  silver  and  copper 
from  the  hot  roasted  ore  while  conveying  it  to  the  leaching  vat.  The 
solution  passes  from  the  vat  as  the  "silver"  solution  and  most  of  it  la 
pumped  to  the  precipitation  boxes.  When  the  leaching  vat  ia  full  it  is 
leveled  off,  and  leached  with  barren  solution  for  21  hr.  It  is  then  washed 
with  water  down  to  from  5"  to  10'  B.  (specific  gravity,  1.036  to  1.075) 
and  sluiced  out.  The  washing  is  regulated  so  as  to  keep  the  solution  at 
the  proper  density.  Experiments  have  shown  this  to  be  about  24° 
B.  (^>ecific  gravity,  1.200).  The  excess  barren  solution  is  run  to  waste 
from  time  to  time. 

The  best  results  are  obtained  by  leaching  with  warm  solution.  During 
the  summer  months  the  heat  from  the  roasted  ore  is  sufficient  to  maintain 
a  temperature  of  from  30°  to  40°  C,  but  in  cold  weather  steam  ia  blown 
into  the  solutions.  This  is  best  done  in  the  precipitation  boxes,  as 
'  maximum  efficiency  is  obtained  by  heating  the  solutions  at  this  point. 
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The  cost  of  leaching  varies  coDBiderably.  The  minimum  of  17c.  was 
attained  during  the  aummer  when  the  heating  plant  was  closed  down, 
and  the  roasters  were  making  the  neceasary  acid.  On  the  other  hand, 
during  the  month  of  March  when  it  was  necessary  to  biiy  both  acid  and 
coal  the  leaching  cost  reached  the  h^h  figure  of  43.Sc. 

Precipitation 

The  precipitation  boxes  are  packed  with  scrap  iron  of  every  descrip- 
tion. Thin  sheet  scrap,  old  screens,  etc.,  are  desirable  on  account  of  the 
large  surface  presented.  The  metals  in  solution  are  deposited  on  the 
iron  in  accordance  with  their  position  in  the  electromotive  series;  that  is, 
the  metals  of  greatest  potential  difference  are  deposited  first.  This 
a^r^ation  of  the  metals,  however,  is  not  sufficiently  clear  cut  to  be  of 
value  in  their  separation. 

A  general  cleanup  of  the  precipitation  boxes  is  made  once  each  month. 
An  intermediate  is  sometimes  necessary  on  account  of  the  boxes  clogging. 

The  method  of  cleanup  ia  rather  crude,  due  to  the  present  layout 
The  loosdy  adhering  precipitate  is  brushed  from  the  scrap  iron,  put  into 
filter  boxes  and  washed.    It  is  then  dried  and  sacked  for  shipment. 

A  partial  analysis  of  the  product  is  as  follows:  Au,  1.78  ot.;  A$, 
6,868.5  oz.;  Pb,  13.2  per  cent.;  Cu,  36.94  per  cent.;  insoluble,  7.5  pw 
cent.;  Fe,  2.5  per  cent.;  8,  1.6  per  cent.;  Zn,  nil. 

Our  original  plan  was  to  precipitate  the  gold  and  silver  on  cement 
copper  in  an  acid-proof  press.  The  copper  used  could  then  be  recovered 
on  scrap  iron  aa  cement  copper  and  returned  to  the  precipitates.  Two 
difficulties  presented  themselves.  In  the  first  place,  it  was  hard  to  form 
and  maintain  a  uniform  cake  of  cement  copper  on  the  filter  leaves.  Sec- 
ondly, the  filter  cloth  and  cake  soon  became  impervious  to  the  solution. 

We  are  at  present  developii^  a  method  of  handling  the  coppw  pre- 
cipitation of  the  gold  and  silver,  which  promises  to  be  both  simple  and 
efficient.  However,  as  this  is  still  in  the  experimental  stage  it  will  not  be 
considered  here. 

The  consumption  of  scrap  iron  amounts  to  about  I  lb.  per  pound  of 
product  recovered.  The  grade  of  scrap  used  costs  $5  per  ton  drfivered 
at  the  mill  or  6c.  per  ton  of  ore  treated.  The  total  cost  of  cleanup, 
including  drying  and  sacking,  amounts  to  6.5c.  per  ton  of  ore  milled. 

Pumps 

Our  practice  of  sluicing  out  the  roasters  makes  it  necessary  to  handle 
large  volumes  of  solution.    The  mill  solutions  are  corrosive.     In  addition 


combination,  and  pumps  on  the  market,  of  suitable  material,  are  either 
too  small  or  too  expensive  to  be  considered.  Our  sluicing  alone  requires  a 
continuous  supply  of  140  gal.  per  minute,  which  must  be  elevated  89  ft. 
After  considerable  experience  with  pumps  that  work  for  brief  pwiods, 
and  others  that  work  not  at  all,  we  decided  to  install  the  Pohle  air-lift 
system.    These  air  lifts  are  constructed  of  wood  pipe  and  a  rubber  air 


Fio.  3. — Pohle  Pump, 


hose  as  shown  in  Fig.  3.  Wood  stave  pipe,  with  bands  well  protected 
with  asphalt  or  similar  material,  withstands  the  solutions  very  well. 

The  highest  lift  of  89  ft.  is  made  in  three  steps.  The  highest  single 
lift  is  37  ft.  and  this  determines  the  air  pressure  used,  which  is  about  27  lb. 
The  air-lift  pumps  have  been  in  continuous  operation  for  over  a  year  and 
have  given  complete  satisfaction. 

Every  d^artment  of  the  mill  suffers  the  inconvenience  of  beii^  housed 
in  an  old  plant  not  designed  for  the  process.    Furthermore,  several  fea- 


has  taught  us  many  things  that  would  add  to  the  efficiency  of  a  plant  we 
might  now  design. 

Condutiona 

The  roasting  process  is  not  Umited  to  cMoridizing  but  may  be  advui- 
tageously  applied  to  oxidizing  gold  ores  for  cyanide  treatment,  and 
oxidizing  and  sulphatizii^  copper  ores  for  subsequent  leaching. 

However,  it  is  our  opinion  that  the  most  favorable  field  of  application 
is  in  chloridiziug  roasting.  In  this  class  of  roasting  we  not  only  have  the 
benefit  of  cheaper  operating  cost,  but,  in  addition,  have  overcome  the 
TolatilizatioQ  loss,  which  in  the  past  has  been  a  serious  difficulty. 

We  have  tested  out  samples  of  ore  from  38  different  mines.  These 
have  given  us  a  large  variety  of  combinations.  In  many  cases  the  re- 
covery of  gold,  silver,  and  copper  has  been  well  above  90  per  cent.  The 
ideal  combination,  we  may  suggest,  Is  a  siliceous  copper-silver  ore  canying 
6  to  10  pM  cent,  pyrite,  and  favorably  located  with  respect  to  a  salt  supply. 
Under  such  favorable  conditions,  the  entire  cost  of  milling  in  a  well- 
designed  plant  will  be  lebs  than  $1  per  ton,  on,  the  basis  of  150  tons  per 
day.  When  the  ore  carries  gold  it  is  necessary  to  carry  free  chlorine 
in  the  leaching  solutions  and  this  adds  a  few  cents  to  the  cost  of  treat- 
ment. 

Ores  high  in  silica,  iron,  and  manganese  chloridize  readily.  A  amftll 
percentage  of  lime  does  no  hann  as  it  is  readily  neutralized  in  the  roast. 
A  large  percentage,  however,  is  detrimental. 
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Ancient  Auriferous  Gravel  Channels  of  Sierra  County,  California 


(Bait  Lake  Maetins.  Aaguit,  I9M) 

Introduction 

A  FEW  years  ago,  gravel  mining  in  the  ancient  river  beds  of  Sierra 
county  was  the  principal  industry  of  the  county.  Operating  drift  mines 
were  very  numerous  and  many  large  hydraulic  mines  were  in  action. 
Eventually  the  State  laws  put  an  end  to  hydraulic  mining,  it  being  claimed 
that  the  silt  carried  down  the  streams  to  the  valleys  filled  the  rivers  and 
caused  winter  Soods,  which  were  damaging  to  the  surrounding  farms. 
The  ancient  river  deposits  which  could  easily  be  found  were,  in  the  course 
of  40  years,  worked  out  or  practically  so.  The  prohibition  of  hydraulic 
mining  was  a  severe  blow  to  the  industry  in  general.  The  deposits  were 
not  developed  and  the  gravel-mining  industry  practically  stood  still  for 
many  years.  In  Sierra  county,  nearly  all  the  hydraulic  mines  were  at  the 
points  where  the  ancient  channels  were  exposed  to  view  by  reason  of  the 
modem  stream  erouon,  or,  in  the  miner's  language,  where  the  channels 
"enter"  or  "break  out  of"  the  ridges.  The  claims  covering  them  also 
covered  laige  areas  in  which  were  long  segments  of  lava-capped  channels, 
suitable  for  drift  mines,  and  the  points  being  hydraulicked  were  usually 
the  controlling  points  of  attack.  Men  who  have  followed  hydraulic 
mining  for  any  length  of  time  seldom  are  content  to  work  a  drift  mine. 
Knowing  the  great  value  of  their  deposits  and  feeling  that  they  had  been 
robbed  by  the  State,  these  men  have  stubbornly  held  to  their  claims. 
The  gold  that  is  carried  in  these  gravel  channel  deposits  is  more  or  less 
scattered  throughout  the  depth  and  width  of  the  deposit;  the  percentage 
that  can  be  recovered  by  the  process  of  drifting  ranges  from  50  to  75  per 
cent,  of  the  total.  In  hydraulicking,  practically  all  of  the  deposit  is  put 
through  the  sluices,  and  as  the  cost  per  cubic  yard  is  only  about  10  per 
cent,  of  the  cost  of  drifting,  the  deposits,  if  classed  as  hydraulic  mines, 
are  much  more  valuable  than  if  classed  as  drift  mines;  hence  the  old 
timers  have  held  their  claims  (now  worthless  as  hydraulic  mines)  at 
prices  which  the  drift-mining  industry  could  not  stand;  and  such  mines 
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owners,  realizing  tne  truth,  nave  sold  their  mines  tor  reasonable  ngiires, 
and  many  of  these  properties  are  now  being  reopened. 

But  there  is  another  and  very  important  source  of  future  drift  mines. 
Only  the  deposits  which  could  easily  be  discovered  have  been  found. 
There  are  many  uuworked  segments  of  ancient  chaimels  in  this  rich  dis- 
trict; some  have  been  discovered  in  a  general  way  but  never  exactly 
located  or  traced  through  the  country;  still  others  haVe  been  partly  opened 
up,  requirii^  the  investment  of  more  money  than  the  owners  possess. 
The  district  is  isolated,  timbered  and  brushy  (especially  in  the  vicinity 
of  the  moist  gravel  deposits),  and  hence  the  more  difficult  forms  of  pros- 
pecting have  been  left  to  the  coming  generations. 

The  long  period  of  comparative  inaction  in  the  gravel-mining  industry 
has  given  rise  to  the  common  opinion  that  the  gravel  deposits  are  all 
worked  out;  but  such  is  not  the  case.  The  field  is  young  andlarge,andyet 
to  the  stranger  posing  through  the  county  for  the  first  time  the  impres- 
sion is  given  that  the  district  is  an  old  and  exhausted  one.  This  is  prin- 
cipally due  to  the  fact  that  in  the  boom  days,  when  the  shallow  placers 
were  yielding  fortunes  for  the  thousands  who  worked  them,  large  towns 
sprang  up,  only  to  be  deserted  in  whole  or  in  part  upon  the  exhaustion  of 
the  shallow  placer  deposits  and  the  desertion  of  the  hydraulic  mines. 

Following  the  exhaustion  of  the  discovered  placers,  and  the  suspension 
of  hydraulic  mining,  came  the  search  for  the  sources  of  the  gold.  Mining 
companies  began  to  reopen  the  old  drift  mines,  exploring  for  the  quarts 
ledges,  and  with  such  remarkable  results  that  the  annual  gold  output  of 
the  county  was  increased  last  year  by  about  (1,250,000.  Other  com- 
panies are  now  exploring  for  the  undiscovered  channel  segments. 

Historical  Geology 
The  Ancient  Drainage  System  of  California 

It  is  claimed  by  the  best  geolc^ical  authorities  that  at  the  end  of  the 
Tertiary  period  the  entire  county  now  occupied  by  the  Sierra  Nevada 
mountains  had  been  leveled  down  into  the  form  of  a  great  plain  (pene- 
plain). The  streams  were  filled  with  quartz  gravels,  almost  to  the  ex- 
clusion of  softer  rocks,  and  these  streams  were  rich  in  gold.  The  original 
surface  undoubtedly  contained  much  more  quartz  than  is  evident  upon 
the  general  surface  to-day.  The  quartz,  being  the  hardest  and  most 
resistant  rock  of  the  district,  was  battered  about  through  time,  and  while 
vast  quantities  of  it  were  ground  to  sand,  enough  survived  to  Sll  the 
streams  as  gravel,  while  its  softer  associates  were  converted  to  sediments 
and  washed  into  the  valleys.     Even  at  the  present  time,  in  certain  high 
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localities  where  the  sheltering  lavas  have  but  recently  been  removed,  we 
find  wide  zones  containing  large  ledges  and  massive  bodies  of  solid  quartz. 

Tlie  flow  of  these  rivers  was  interrupted,  first  by  an  unknown  agency 
and  later  by  the  intermittent  fiows  of  three  distinct  types  of  lava. 

That  there  was  an  interruption  prior  to  the  coming  of  the  lavas  is 
evident  from  the  fact  that  we  find  two  systems  of  channels,  running  in 
parallel  courses  through  the  same  ancient  valleys,  and  both  of  prevolcanic 
age;  the  one  system  being  secondary  to  the  other  yet  both  buried  by  the 
same  initial  ejection  of  acid  lava  ash.  This  condition  has  come  under 
my  observation,  and  I  find  that  H.  W.  Turner  suspected  something  of 
the  sort  when  studying  the  gravels  of  northern  Sierra  county,  20  years  ago. 

The  blocking  of  the  original  channels  may  have  been  due  to  one  of 
three  causes: 

(a)  To  an  uplift  of  the  coast  line,  having  the  effect  of  lessening  the 
grades  and  thus  causing  the  chainnels  to  choke  with  debris  and  forcing 
the  waters  to  seek  new  courses;  or  (&)  to  local  undulatory  movements 
of  the  earth's  crust.  As  we  have  some  direct  evidence  of  such  movements, 
cause  (a)  seems  more  probable  than  (6). 

2.  To  dfibris  washed  into  the  rivers  during  great  storms  which  may 
have  accompanied  or  immediately  preceded  the  loi^  period  of  volcanic 
disturbances. 

3.  To  a  light  ejection  of  volcanic  ash,  temporarily  drying  up  the  rivers 
and  causing  the  waters  to  choose  new  courses,  although  still  confined  to 
the  same  an<nent  basins  or  valleys;  the  nature  of  this  material  being  such 
that  eventuailly  it  was  washed  away,  leaving  no  boulders  or  other  easily 
recognized  evidence  of  its  visit.  Thus  the  "  unknown  agency"  may  really 
have  been  a  very  premature  warning  of  the  approach  of  the  volcflnic  age. 

R^ardless  of  the  cause,  there  was  a  long  uninterrupted  period  of 
stream  action  following  the  end  of  the  more  ancient  ^stem  of  prevolcanic 
rivers,  during  which  period  the  secondary  channels  of  this  ^e  had  time 
to  cut  their  new  bedd,  from  a  few  feet  to  100  ft.  or  more  deeper  than  the 
level  of  the  originals. 

While  the  lava  outbursts  were  intermittent,  and  this  was  true  to  a 
greater  degree  in  some  districts  thas  in  others,  the  entire  country,  in 
time,  was  covered  with  three  general  types  of  lava. 

1.  The  rhyolite,  a  light^ray,  fine-grained,  acid  lava  ash.  This  was 
the  first  lava  to  be  thrown  out,  and,  as  compared  with  the  other  lavas,  in 
very  limited  amounts. 

2.  The  andesite,  a  heavier,  semi-basic,  darker,  mottled  lava.  It  was 
ejected  first  as  tuffs  and  mud  flows,  mixed  more  or  less  with  the  rhyolite, 
then  as  breccias,  and  later  as  massive  flows  of  heavier  and  darker  boulders 
and  mud,  semifluid  in  consistency.  It  flowed  into  the  depressions, 
ravines,  rivers  and  valleys. 

3.  The  basalt,  a  dark,  almost  black,  heavy,  basic  flow  mass,  in  places 
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BO  fluid  that  upon  sudden  cooling  a  natural  glass  (obsidian)  was  formed. 
This  lava  was  the  last  to  be  Extruded,  pouring  out  as  a  capping  over  the 
others. 

The  darker  the  lava,  the  more  basic,  and  the  more  basic  the  more 
fluid,  so  that  the  basalts  flowed  the  farthest  from  the  craters. 

The  rhyolite  was  washed  into  the  river  beds  from  the  hillsides,  cover- 
ing the  gravels  and  forming  what  is  known  to  the  California  miners  as 
"  pipe  clay."  On  the  tbp  of  this  lie  the  audesitic  tuffs,  breccias,  and  muds 
with  the  hard  resistant  basalt  fonnit^  a  protecting  roof  to  the  ancient 
river  deposits,  and  where  the  river  valleys  were  not  entirely  filled  this 
took  the  form  of  long,  narrow,  level  surfaces,  conformii^  tothesinuooties 
of  the  underlying  channels.  In  some  portions  of  the  State  subsequent 
erosion  of  the  adjacent,  softer  ^country  rock  has  resulted  in  leaving  these 
lava-covered  areas  as  long  sinuous  mesas,  standing  high  above  the  sur- 
rounding country,  so  that  the  ancient  channels  have  been  little  disturbed 
by  modern  erosion.  In  all  parts  of  the  State  this  condition  existed  up  to 
a  certain  late  period;  but  in  the  northern  portions  subsequent  lava  flows 
have  brought  about  a  different  effect;  the  modern  streams  having  cut  to 
pieces  the  ancient  .system. 

The  action  of  the  craters  was  intermittent.  In  Sierra  county  there 
were  at  least  three  loi^  periods  of  rest  between  the  outbursts,  during 
which  times  the  streams  were  endeavoring  to  reinstate  themselves. 

It  appears  that  the  longest  rest  periods,  with  the  exception  of  the  last 
one,  were  at  the  beginning  of  the  disturbances,  for  we  find  that  the  inter- 
volcanic  streams  of  the  first  and  second  rest  periods  usually  flowed  in  the 
same  ancient  valleys  occupied  by  the  original  rivers  and  on  one  side  or 
the  other  of  the  same,  while  it  is  not  uncommon  to  find  a  secondaiy 
channel  on  each  side  of  an  original.  Their  courses  were  governed  by 
the  fact  that  the  valley  was  not  filled  with  the  lava;  the  heavier  lavas 
sought  the  center  of  the  depression,  and  being  more  viscous,  upon  cooling, 
formed  a  harder  and  more  resistant  capping  than  the  lighter,  looser  and 
drier  material  that  had  been  crowded  to  the  edges.  Due  to  this  same 
weakness,  this  material  along  the  edges  was  more  easily  eroded  by  the 
waters  rushing  from  the  hillsides,  sp  that  the  new  intervolcanic  channels 
are  found  skirting  the  edgea  of  the  original  channels,  or  crossing  them  now 
and  agun.  The  point  of  crossing  is  usually  at  the  place  where  two 
branches  of  the  original  river  came  together,  or  where  there  is  a  sudden 
turn  in  the  original  river.  The  course  of  any  stream  generally  changes 
at  the  point  of  confluence  of  a  large  tributary;  the  extra  width  of  the  valley 
at  such  points  would  allow  the  cooling  lava  to  settle  more  than  in  the 
narrow  places,  and  the  new  channels,  having  a  higher  and  wider  valley 
to  begin  with,  would  naturally  flow  straight  until  turned  by  the  opposite 
bank. 

During  each  period  of  rest  there  was  evidently  some  segregation  of 
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materislB  in  the  craters,  for  preceding  each  extrusioD  of  heavy  lavas  there 
was  an  ejeotion  of  more  or  less  ash.  This  rule  of  action  seems  to  have 
been  followed  until  well  along  toward  the  last  of  the  volcanic  period;  for 
with  the  exception  of  a  few  of  the  latest  intervolcanic  channels  we  find, 
in  all  of  these  ancient  channels,  some  kind  of  an  ash,  covering  the  gravels, 
and  in  various  stages  of  decomposition.  The  later  the  age  of  the  channel 
the  darker  and  usually  the  coarser  is  this  ash,  and,  so  far  as  my  observa- 
tions go,  the  quantity  is  also  decreased. 

A  white  pipe  clay  does  not  cover  the  gravels  of  an  intervolcanic  chan- 
nel; neither  does  a  dark,  flinty,  granular  or  "chocolate"  pipe  clay  cover  a 
prevolcanic  channel.  It  was  long  held  that  the  color  was  due  to  chemical 
changes  after  the  ash  was  ejected,  brought  about  through  alteration  of  the 
constituent  minerals  under  the  action  of  the  infiltrating  waters,  etc.,  but, 
in  my  judgment,  this  is  not  the  case.  The  color  and  texture,  in  most 
cases,  depend  upon  the  relative  age  in  which  the  ash  was  ejected  (although 
of  course  alteration  has  taken  place  in  some  localities),  the  acidity  de- 
pending upon  the  period,  and  the  color  upon  the  acidity. 

Relative  Economic  Value  of  Ancient  Channels. — The  history  of  drift 
mining  has  proved  that  these  ancient  channels  are  valuable  in  the  follow- 
ing order: 

The  old,  original,  prevolcanic,  high-quartz  gravel  channels  are  always 
rich;  likewise  the  secondary,  prevolcanic,  quartz  gravel  channels.  The 
intervolcanic  channels  of  the  earlier  periods  are  generally  rich,  depending 
upon  their  position  relative  to  the  prevolcanic  streams  and  upon  the  char- 
acter of  the  country  rock.  The  third  and  fourth  f^e  intervolcanic  chan- 
nels are  very  uncertain,  as  their  values  depend  principally  upon  their 
association  with  the  older  channels,  having  had  very  little  chance  to 
collect  minerals  from  the  underlyii^  bed  rock.  The  fifth-^e  channels, 
or  modem  streams,  were  rich,  having  obtaiiied  their  gold  from  the  long 
stretches  of  ancient  channels  cut  away  and  from  the  ledges  eroded  below 
the  level  of  the  same,  as  the  modern  streams  have  enjoyed  a  very  loi^ 
period  of  rest,  and  have  worn  their  way  down  more  than  2,000  ft.  into 
the  mineralized  country  rock  below  the  level  of  the  ancient  streams. 

The  Uplift  of  the  Sierra  Nevada  Mountains. — The  most  widely  accepted 
theory,  among  modem  geologiats,  is  that  during  the  volcanic  period,  or 
immediately -followii^  it,  the  entire  eastern  portion  of  what  is  now  Cali- 
fornia was  elevated  many  hundreds  of  feet.  The  granites  and  other 
igneous  intnisives  forced  upward  the  overlying  sedimentaiy  rocks,  the 
country  faulting  along  a  north-and-south  line  approximately  the  same 
as  that  which  now  marks  the  boundary  line  between  the  States  of  Cali- 
fornia and  Nevada;  and  the  old  peneplain,  with  its  lava-filled  rivers,  was 
tilted  to  the  westward  on  about  a  2°  slope. 

The  effect  has  been  that  the  original  grades  of  the  southwest-bound 
rivers  have  apparently  been  increased  by  about  1  per  cent.,  or  about  50 
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ft.  per  mile;  so  that  chatmela  whioh  originally  flowed  on  a  grade  of  aay 
100  ft.  per  mile  are  now  found  beneath  the  lava  with  a  grade  averaging 
150  ft.  per  mile.  In  localities  where  the  channels  flowed  northerly  the 
opposite  effect  took  place. 

The  country,  however,  was  elevated  en  masse,  so  thft  the  ancient 
channels  still  lie  in  their  proper  relative  elevations  and  positions.  Local 
faulting  has  been  discovered  in  southern  Plumafa  county,  but  in  the  Sierra 
county  drift  mines  little  or  no  faultily  of  a  serious  nature  has  been  met 
with. 

Following  the  uplift,  the  modem  rivers  flowing  westeriy  cut  their 
way  down  through  the  lavas  and  old  channels  and  deep  into  the  country 
rock.  This  erosion  has  been  a  rapid  one,  as  the  streams  flow  in  deep 
narrow  gorges,  and  the  work  of  the  waters  was  no  doubt  aided  by  the 
action  of  glaciers. 

The  modem  rivers  which  have  effected  the  Sierra  county  district 
are  the  middle  and  north  branches  of  the  Yuba  river,  with  their  numraous 
tributaries. 

The  Economic  Geology  of  Sierra  County 

Sierra  county  is  about  10  milea  loog,  east  and  west,  and  about  20 
miles  wide.  The  summit  of  the  Sierra  Nevada  mountains  passes  through 
the  central  portion  of  the  county  in  a  northerly  and  southerly  direction. 
All  the  mines  lie  on  the  western  slope  of  the  mountains. 

In  the  extreme  western  part  of  the  county  the  rocks  are  principal); 
black,  highly  metamorphosed  clay  slates,  designated  by  the  government 
geol(%bts  as  the  "  Delhi  slates."  They  are  underlain  by  gramtes  which 
are  exposed  in  the  bottoms  of  the  deep  canyons.  Porphyry  and 
diorite  dikes  are  common  in  the  slates.  A  few  good  mines  liave  been 
found  in  this  formation. 

Lying  just  east  of  the  Delhi  slates  is  a  zone  about  10  miles  wide, 
consisting  of  alternating  belts  of  "Calaveras"  formatioa'  and  serpentine 

'  The  Calsiveras  fomiBtion"  ie  a  general  term  applied  to  the  older,  or  Carbon- 
iferouB,  sediment&ry  rocks  of  the  "Bed  Rock"  or  "Auriferous  Slates"  Beriee.  It  is 
composed  of  sevea  different  types  of  sedimentBiy  rocks,  which  have  been  given  n&ma 
indicating  the  locality  in  which  they  are  most  common : 

1.  The  Clipper  Gap  formation;  composed  of  clay  slates,  cherts  and  limestones. 

2.  The  Delhi  formation;  black  siliceous  rocks,  rarely  schistose. 

3.  The  Cape  Horn  formation;  fissile  clay  slates. 

4.  Relief  formation;  cherts  and  quartiites. 

6.  Blue  Canyon  formation;  fissile  clay  slates,  quortzitic  sandstones,  cherts,  uid 
limestones. 

6,  Blue  Canyon  formation;  contact-metamorphic  rocks,  ohiefly  mica  schists. 

7.  limestone  lenses;  in  Carboniferous  and  Juratriaa  formations. 

Wbile  the  Dehli  slates  are  themselvee  included  in  the  Calaveras  formation  series, 
the  rocks  most  generally  called  the  Calaveras  formation  by  the  minera  in  the  Forest 
City  district,  are  the  sedimentary  schistose  rocks;  often  referred  to  simply  as  "slate  " 


.coy  Google 


the  range,  and  is  the  Ime  of  weakness.  It  is  highly  fractured  and  mineral- 
ized and  forms  what  is  known  as  the  "Father  lode"  of  California,  in 
contradistinction  to  the  "  Mother  lode,"  which  occupies  a  similar  position 
relative  to  the  range  in  Amador,  Calaveras,  Tuolumne,  and  Mariposa 
counties.  In  this  zone  are  found  most  of  the  quartz  mines  and  practically 
ail  of  the  gravel  mines. 

Next  to  the  east  lies  a  zone  of  quartz  porphyries,  granites,  slates,  and 
occasional  small  dikes  of  serpentine.  Here  are  found  the  Sierra  City 
quartz  mines,  some  of  which  have  been  lai^  producers.  The  zone  is 
from  3  to  5  miles  in  width. 

Between  the  Sierra  City  quartz-porphyry  zone  and  the  summit 
few  miles  of  importance  have  been  found.  Beyond  the  summit  no 
mines  are  found  until  the  State  of  Nevada  Is  reached. 

The  Father  Lode,  or  Contact  Zone. — The  Calaveras  slates  of  this  zone 
strike  north  and  south  and  are  tilted  at  a  high  angle  to  the  east.  The 
amphibolite  schists  and  serpentine  intrusions  range  in  width  from  a  few 
feet  to  2,000  ft.  These  lenticular  bodies  of  serpentine  strike  northerly 
and  southerly,  paralleling  the  general  strike  of  the  beddii^  planes  of 
the  sedimentary  rocks.  Some  of  them  extend  through  the  district  for 
muiy  miles;  others  are  but  short  bodies. 

The  slates  through  which  these  intrusions  are  found  have  been 
thoroughly  shattered,  tilted,  altered,  and  in  some  cases  highly  metamor- 
phosed, especially  near  the  contacts.  The  zone  has  been  so  thoroi^hly 
fissured  and  mineralized  as  to  cause  the  government  geolt^ists  to  make 
special  mention  of  that  fact. 

Quartz  ledges  are  commonly  found  following  directly  along  the  con- 
tacts, lying  in  the  schists  or  slates  and  paralleling  the  contacts  or  extend- 
ing from  the  contacts  out  into  the  slates  as  true  fissure  veins.  The 
shattered  slates  are  full  of  quartz  lenses,  pockets,  and  veins  of  variable 
size  and  richness,  but  all  carrying  gold  enough  to  hold  the  attention  of  the 
prospector- 

In  a  general  way  these  long,  parallel,  hard  serpentine  lenses  are 
separated  by  the  alternating  belts  of  the  softer  and  heavily  mineralized 
slates,  and  here  the  ancient-  streams  have  cut  their  beds.  In  wending 
their  way  south  and  west,  they  seem  to  have  experienced  considerable 
difficulty  in  crossii^  the  serpentine  bodies,  and  often  followed  along  the 
east  side  of  the  bodies  until  the  end  of  the  lens  was  reached,  when  the 
channel  would  swing  to  the  west  until  another  serpentine  body  was  en- 
countered. Where  the  channels  did  cross  the  serpentine  the  gold  did  not 
lodge,  as  a  rule,  while  the  uneven,  decomposed  surface  of  the  slates  seems 
to  have  formed  an  ideal  gold-catching  bed  rock.  Nearly  all  of  the  ancient 
rivers  of  this  district  followed  this  mineralized  zone.  The  gold  and  other 
heavy^minerats  lodged  in  the  beds  of  these  streams. 
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No  doubt  the  greater  part  of  the  placer  gold  came  from  the  general 
erosioD  of  the  great  quantities  of  mineralised  material,  but  the  very 
large  pieces  of  gold  found  all  along  in  the  "Great  Blue  Lead,"  which 
passes  through  this  district,  evidently  came  from  the  ledges.  Many  of 
these  ledges  were  exposed  in  the  workings  of  the  gravel  mines,  and  several 
old  mines  have  been  reopened  and  developed  as  quartz  minee;  this  prov- 
ing that  the  large  gold  slugs  do  not  travel  far  from  their  sources. 

The  lava  mantle  which  covered  this  country  still  liee  several  hundreds 
of  feet  deep  on  the  riches,  hiding  the  contacts  and  ledges  and  rendering 
prospecting  slow  and  costly. 

The  early  drift  miners  paid  little  attention  to  the  quarts  ledges;  th^ 
knew  little  about  handling  the  ore  and  they  were  not  prepared  to  do  it. 
The  gravel  was  rich  and  they  were  making  money.  They  did  not  care  to 
divert  their  energies  and,  as  they  expressed  it,  "  waste  their  time  in  trying 
to  get  it  out  of  the  hard  rock."  By  simply  washing  the  gravel  in  their 
sluices  they  could  gather  from  the  riffles  the  dean  gold  dust  and  nuggeta. 
So  the  ledges  were  passed  and  many  of  them  forgotten,  and  yet  the  memory 
of  some  of  them  has  led  to  important  discoveries  in  the  present  day. 

Rich  ledges  were  found  in  the  gravel  diggings  of  the  Tightner,  Red 
Star,  Rainbow,  Sixteen  to  One,  Dead  River,  South  Forit,  North  Fork, 
Bald  Mountain,  Ruby,  Telegraph  and  many  other  drift  mines. 

In  the  Bald  Mountain  mine  a  ledge  was  discovered  which  has  given 
rise  to  many  "fairy  tales"  of  great  riches,  and  upon  invrartigation  I  have 
secured  enough  reliable  data  to  cause  me  to  believe  that  success  would 
follow  the  reopening  of  the  tunnel  for  the  exploration  of  this  ledge. 
Success  in  this  undertaking  is  still  more  assured  from  the  fact  that  about 
1  mile  of  unworked  channel  awaits  development  in  this  ground  and  could 
be  reached  by  extending  the  tunnel  which  was  run  for  the  quarts.  This 
ledge  is  from  2  to  3  ft.  in  width.  It  crops  up  through  the  bfKl  rock  and  into 
the  gravel  from  1  to  2  ft.,  and  strikes  northerly  and  southerly,  crossing 
the  channel  diagonally,  since  the  channel  was  there  coursing  southwesterly 
The  ledge  was  followed  in  the  breasts  for  from  300  to  400  ft.,  and  the  gravel 
just  below  the  crossing  was  the  richest  of  any  worked  in  the  7,000  ft.  of 
channel  exhausted  by  the  company.  An  unusually  large  number  of 
large  chunks  of  gold  were  found,  many  of  them  still  being  partly  imbedded 
in  the  quartz  matrix. 

Sulphides  werefound  in  the  gravel  at  this  point  and  interfered  with 
the  sluicing;  they  were  shoveled  out  as  a  nuisance.  It  was  not  until 
recent  years,  when  so  many  rich  strikes  were  being  made  in  the  neighbor- 
ing ledges  and  the  gold  found  was  so  often  associated  with  arsenical 
sulphides,  that  it  has  dawned  upon  the  owners  that  these  sulphides  were 
probably  valuable. 

The  Bald  Mountain  Co.  boi^ht  9,600  ft.  of  Oregon  creek  as  a  tailings 
claim  after  that  creek  bad  been  completely  worked  out  by  the  pioneefs. 
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the  tailings.  These  had  been  carried  through  the  sluices  with  the  coarser 
gravels  or  had  been  forked  out  with  the  boulders. 

The  ledge  itself  was  considered  a  nuisance  by  the  miners,  as  it  stood  up 
in  the  gravel  and  interfered  with  the  breasting  and  timbering.  I  have 
been  told  that  free  gold  was  seen  in  the  quartz  in  the  ledge  in  place. 

The  Bald  Mountain  and  Ruby  mines  were  noted  for  the  great  amount 
of  ooarse  gold  contained  in  their  gravels.  This  feature  of  the  channel 
which  flowed  through  them  did  not  cease  when  the  Bald  Mountain  was 
passed;  but  the  channel  continued  to  yield  large  rough  nuggeta  in  the 
claims  lyii^  south  of  the  Bald  Mountain  and  even  as  far  south  as  Alle- 
ghany and  beyond.  These  nuggeta  did  not  all  come  from  the  Bald  Moun- 
tain dnd  Ruby  claims,  by  any  means,  but  were  liberated  from  the  ledges 
followed  and  crossed  by  the  channel. 

The  Tightner,  Red  Star,  Rainbow,  and  Sbtteen  to  One  have  been  re- 
opened and  now  rank  as  quartz  mines  of  value;  the  Tightner  mine  at  the 
present  time  is  probably  paying  the  biggest  dividends  of  any  mine  in  the 
State.  In  the  last  year  it  has  produced  about  (1,000,000  in  gold.  From 
December,  1912,  to  July,  1913,  it  yielded  in  round  numbers,  $700,000;  in 
July,  1913,  about  (50)000  was  taken  from  a  small  stope  9  ft.  square. 

The  South  Pork,  North  Fork,  Dead  River,  and  Telegraph  are  now 
being  developed  for  their  quartz  ledges. 

A  local  company  is  making  preparations  to  reopen  the  Ruby  and  Bald 
Mountain  mines  this  summer,  both  for  the  ledges  and  for  the  gravel 
which  they  are  known  to  contain. 

To  the  north  of  the  Ruby,  and  below  the  lava  cap,  the  Downieville- 
Forest  City  contact  has  been  traced  down  through  Slug  canyon,  through 
Downieville,  and  up  the  next  mountain  side  to  the  lava  cap  again,  a 
distance  of  about  6  miles.  The  Loosner  group,  Carson  group,  Tripple 
Pocket  group,  Frost  claim,  York  mine,  Donderro  claim,  Bessler  mine, 
Good  Hope  group,  Oxford  mine,  Bosch  claim,  and  Standard  mine  group 
cover  this  entire  distance.  Coarse  gold  has  been  found  all  along  this  con- 
tact from  Forest  City  to  the  Standard  mine,  a  distance  of  about  8  miles, 
and  some  of  the  above-named  claims  and  mines  have  produced  large 
sums.  Slug  canyon,  which  follows  this  contact  for  about  2  miles,  derived 
its  name  from  the  character  of  its  gold.  This  same  contact  passes  through 
the  Ruby  mine  and  the  Bald  Mountain  mine,  through  Forest  City  and  on 
south  to  AU^hany.  The  Tightner  mine  lies  due  south  from  the  Bald 
Mountain  lec^e,  and  the  Tightner  lec^e  strikes  due  north,  but  as  the 
intervening  country  is  lava  capped  it  is  impossible  to  say  that  the 
Bald  Mountain  ledge  is  the  Tightner  ledge. 

In  the  Ruby  mine  the  ancient  channels  followed  this  contact,  and  on 
the  old  company  maps  may  be  seen  the  words  "Line  of  coarse  gold,"  in- 
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dicating  the  approximate  line  along  which  the  large  slugs  were  found. 
Pieces  rai^i^  from  10  to  45  oz.  were  commonly  found  here  and  one  Bug- 
get  was  found  which  weighed  201.56  oz.  A  model  of  this  nu^et  is  in  the 
museum  of  the  Califdmia  State  Mining  Bureau.  We  have  record  of  at 
Iea»t  12  QUggets  ranging  in  weight  between  30  and  170  oz.  found  in  the 
South  Fork  or  Live  Yankee  mine,  just  south  of  the  Bald  Mountain.  Large 
gold  slugs  were  found  in  the  Tightner  gravel,  and  after  a  lapse  of  40  years 
the  mine  was  reopened.  The  ledge  proved  to  be  richer  than  could  reason- 
ably be  expected  of  any  ledge.  Adjoining  the  Tightner  is  the  Sixteen  to 
One  mine,  where  the  gravel  also  yielded  large  specimens.  The  ledge  was 
rediscovered  a  short  time  ago  and  considerable  gold  has  already  been 
extracted,  the  last  strike  (a  $30,000  pocket)  being  made  about  sixmonths 
ago. 

Just  south  of  these  properties  the  Rainbow  gravel  yielded  large  slugs. 
One  quartz  boulder  was  found  which  contained  (36,000  in  gold.  The 
ledges  were  found  in  the  breasts.  After  30  or  40  years  this  mine  was  re- 
opened and  something  over  (300,000  was  taken  from  the  quartz  ledge;  one 
slab  of  quartz  being  found  which  was  calculated  to  contain  $20,468  in  gold. 

The  Oriental  mine,  situated  on  a  serpentine  contact  about  1  mile 
west  of  the  contact  just  described,  has  produced  about  $3,000,000,  and 
it  is  commonly  reported  that  one  pocket  yielded  $740,000.  The  Piutn- 
bago  mine,  about  3  miles  to  the  southeast,  has  produced  about  $2,000,000, 
of  which  $250,000  came  from  one  stope.  The  Brush  Creek  mine,  situated 
on  the  Mountain  House  serpentine  contact,  about  4  miles  to  the  west, 
yielded  $400,000  from  one  shoot.  The  Tripple  Pocket  mine,  on  Slug 
canyon,  and  on  the  Forest  City-Downieville  contact,  and  the  Gold  Bluff 
mine,  near  Downieville,  we/e  heavy  producers.  The  Sierra  Del  Ore  or 
Old  Ironsides  mine  lies  about  2  miles  to  the  eabt  of  the  Ruby  mine  and 
is  the  latest  big  strike  in  the  district;  theledgeisjust  being  developed,  but 
several  thousand  dollars  have  already  been  recovered  from  specimen 
ore. 

The  Downieville-Forest  City  and  Alleghany  contact  line  has 
proved  to  be  the  longest,  mo&t  productive,  and  most  constant  and  con- 
tinuous gold  producer  of  any  contact  line  in  the  entire  county. 

The  AncieniChannelsof  Sierra  Cotinty.-— The  &nGiea.t  chajine\a  of  Sierra 
county  all  flowed  southerly,  being  northern  tributaries  to  the  mun 
ancient  river  which  flowed  eastward  in  Nevada  county  from  NotUi 
Bloomfield  to  Smartsville.  The  rivers  flowed  in  parallel  courses  and  lie 
so  close  tc^ether  that  it  would  be  impossible  for  them  to  have  all  been  in 
action  at  the  same  time.  Moreover,  their  relative  positions,  elevations, 
grades  and  characteristics  mark  them  a&  having  distinct  periods  of  actitHi 

The  lava  flows,  which  were  important  enoi^h  in  this  section  to  force 
the  channels  to  choose  new  courses,  evidently  did  not  extend  as  far  south 
as  the  great  valley  occupied  by  the  main  trunk  stream;  for  that  great 
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for  great  distances. 

Hence  we  find  all  the  Sierra  county  channels  of  the  various  periods 
leading  into  the  same  ancient  drainage  basin  as  tributaries. 

In  the  ridge  north  of  the  North  Yuba  river  we  find  10  prevolcaoic  (and 
at  least  1  intervolcanic)  channels  coursing  southeriy  and  all  within  a 
section  of  country  only  12  miles  in  width.  Beginning  on  the  east  and 
naming  westerly,  these  channels  are  known  locally  as: 

Wliite  and  blue  quart*  gravels. 

White  and  blue  quartz  gravels. 

White  and  blue  quartz  gravels. 

White  and  blue  qu&rtz  gravels. 

White  and  blue  quarts  gravels. 
White  and  blue  quartf  gravels. ' 

White  and  blue  quartz  gravels. 
White  and  blue  quartz  gravels. 
Quartz  and  quartzite  gravels, 
darker  colored  than  above. 


Eureka. 

Brown  Bear  and  S 


Prevolcanic. 
Prevolcanic. 
Pre  volcanic. 
Secondary  and  prob- 
ably in'tervolcanic. 
Frevolcoaio. 
Prevolcanic. 

Prevolcanic. 

Early  secondary. 


Brandy  City  and  Campton- 


A  very  large  prevol-    Whit«  and  blue  quarts  gravel 
canic.  channel,  extending   well  up 

into  Plumas  county  and  form- 
ing a  lai^e  system  of  its  own. 

These  have  either  been  mined  or  are  now  being  developed,  with  the 
exception  of  the  Hilo  channel,  which  is  a  tributary  to  the  Eureka  Lead. 

There  is  strong  evidence  that  the  Monte  Cristo  channel,  which 
is  unmistakably  prevolcanic,  is  secondary,  for  it  appears  to  have  cut  away 
the  higher  prevolcanic  White  Bear  channel.  The  channel  that  "enters" 
the  ridge  south  of  Downieville  at  the  City  of  Six  mine,  and  known  as  the 
"Deep  Rock  Creek  channel,"  is  a  secondary  channel  of  the  prevolcanic 
period. 

In  the  ridge  lying  south  of  Downieville,  or  north  of  Forest  City,  there 
are  20  ancient  rivers  with  subordinate  tributaries,  all  lying  within  a  dis- 
trict about  18  miles  in  width. 

Since  some  of  the  channels  found  in  the  ridge  lying  north  of  Downie- 
ville undoubtedly  united  in  the  6  miles  intervening  between  these  ridges, 
they  would  be  represented  in  the  south  ridge  by  a  lesser  number,  and  the 
writer  is  inclined  to  believe  that  at  least  11  of  the  20  channels  either  came 
from  other  sources,  are  secondary,  or  are  intervolcanic  rivers,  owing 
their  origin  in  part  to  the  6  mjles  of  intervening  territory  now  eroded 
away  by  the  North  Yuba  river. 

Beginiung  on  the  east  and  naming  westerly,  these  channels  are  known 
locally  as  follows : 


Maple  KiTove.  i'revoicanic.  White  and  blue  quaru  gravel. 

Bald  Mountain  Extension.         Prevolcanic.  White  and  blue  quartz  gravel. 

Cit^  of  Six  and  Deep  Rock  Creek.  White  and  blue  quarti  gnvel. 

Bald  Mountain  Channel,  or  Great  Blue  Lead.  White  and  blue  quarti  gnvd. 

Deep  Bald  Mountain.  Intervoloanic   channel  of  first  age;  at  headwaters 

gravel  ia  volcanic,  but  after  leaving  the  Bald  Moun- 
tain ground  it  contains  so  much  quarti  gravel  that 
it  could  easily  be  mistaken  for  a  quarts  gravel  channel. 


North  Fork.  Prevolcanic. 

Redding  and  Young  America.     Prevolcanic. 


White  and  bhie  quarts  gravel. 
White  and  blue  quarti  gravd. 


Corotoman,  Upper  Lead. 

Prevolcanic. 

White  and  blue  quarti  gravel. 

Corotoman,  Lower  Lead. 

Intervolcanic. 

Mixed  gravels. 

Lucky  Dog,  N. 

AS. 

Early  intervolcanic. 

Lucky  Dog,  E. 

&W. 

Omega  (Same  as  Lucky  Dog 

E.  ft  W.). 

I^te  intervolcanio. 

Mountain  House  Drift  Mine. 

Prevolcanic. 

White  quarti. 

Kanaka  Drift  Mine. 

Thought  to  be  exten- 

White quarti. 

sion    of    Mountain 

House        Channel, 

prevolcanic. 

C*le. 

Prevolcanic  second- 
ary or  early  inter- 
volcanic. 

True  Grit. 

Prevolcanic. 

White  and  blue  quarti  gravd. 

St.  Clairs. 

Prevolcanic,         but 
probably  secondary. 

Snowden  Hill. 

Intervolcanic    chan- 
nel   of    the    fourth 
period. 

Pleaaant  View 

and  Orient. 

Early  intervolcanic. 

Appears  to  have  flowed  north- 
erly, being  the  only  one  of  iti 
kind  in  this  section .    Avengr 
grade  is  about  40  ft.  per  mile. 

Camptonville. 

Prevolcanic. 

White  and  blue  quarti  grav^. 

All  of  these  have  been  worked  as  hydraulic  or  drift  mioes  or  are  now 
being  developed. 

In  the  ridge  lying  aouth  of  Forest  City  these  channels  must  all  exist, 
although  many  of  them  have  not  been  discovered.  The  ridge  lyinf! 
south  of  Alleghany  contains  some  of  them.  The  west  ead  of  this  ridge 
ia  low,  however,  and  some  of  the  higher  channels  have  been  completely 
eroded  away.  As  the  deep  canyon  of  the  Middle  Yuba  lies  next  south  of 
the  last-named  ridge,  the  next  appearance  of  any  of  these  channeb  is  in 
Nevada  county,  where  in  a  short  distance  they  are  merged  into  the  great 
deposits  which  fill  the  main  ancient  drainage  basin,  referred  to  above. 

Of  all  of  the  northern  tributary  channels  flowing  from  Sierra  county, 
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1.  The  Catnptoiiville  ohannel  he&da  well  up  in  Plumas  county  and 
courses  eouthwesterly  through  the  western  side  of  Sierra  county,  joining 
the  main  trunk  at  North  Saa  Juan,  in  Nevada  county.  The  towns, 
Whiskey  Diggings,  Howland  Flat,  Port  Wine,  Scales,  Brandy  City,  and 
Camptonville  are  situated  along  this  channel.  As  much  of  the  deposit 
was  but  thinly  capped  with  lava,  many  large  hydraulic  mines  operated 
here. 

2.  The  American  Hill  channel  heads  in  eastern  and  central  Sierra 
county.  The  upper  reaches  of  the  channel  are  still  undiscovered,  the 
principal  developments  having  beenmade  in  the  vicinity  of  American  hill, 
where  extensive  drifting  and  hydraulicking  have  been  carried  on.  While 
this  is  not  an  especially  large  channel,  it  is  by  far  the  largest  ancient 
tributary  in  the  eastern  portion  of  the  mineralized  zone. 

3.  The  Great  Blue  Lead  of  Sierra  County.  This  large  ancient 
channel  lies  midway  between  the  other  two,  heads  In  the  high  mountains 
of  Plumas  county  and  courses  southerly  through  the  central  portion,  which 
is  also  the  richest  portion,  of  the  Father  lode  or  serpentine  contact  zone, 
previously  described.  This  main  channel  with  its  numerous  lai^e  tribu- 
taries ha&  been  wonderfully  remunerative.  Wherever  found  in  Sierra 
county  it  has  been  worked  with  htrge  profits,  yielding  as  a  rule  from 
$400  to  $500  per  linear  foot  where  breasted,  and  i&  generally  considered 
worth  from  S200  to  $225  per  linear  foot  in  profits. 

This  channel  derived  its  name  from  the  fact  that  its  lower  strata  of 
gravel  were  of  a  bluish  color,  and  at  the  time  of  its  discovery  it  was  sup-  ■ 
posed  to  be  a  portion  of  one  main  ancient  river  extending  practically  the 
full  length  of  the  State,  paralleling  the  Sierras  in  a  manner  similar  to  that 
of  the  San  Joaquin  and  Sacramento  rivers.  But  upon  the  discovery  of 
numerous  other  channels  of  similar  character  and  off  the  line  of  this 
supposed  single  river,  this  "Great  Blue  Lead"  theory  gave  way  to  the 
theory  of  an  ancient  drainage  system  complete  within  itself,  on  the  order 
of  the  present-day  drainage.  This  general  fluviatic  theory  has  proved  to 
be  the  true  explanation  of  the  conditions. 

The  term  "Blue  Lead"  is  misleading:  It  refers  to  the  color  of  the 
material  usually  found  in  the  lowest  portions  of  the  channel  trot^h.  The 
gravel  itself  is  composed  of  white  and  colored  quartz  pebbles  and  boulders 
with  a  filling  of  sand,  clay,  mud,  sediments,  etc.  The  iron  salts  in  this 
material  have  not  been  altered  beyond  the  ferrous  forms,  as  the  material, 
due  to  its  low  position,  is  usually  under  water.  The  gold  seeks  the  lowest 
places,  and  hence  is  usually  found  associated  with  the  bluish  material. 
The  same  material  on  the  high  rima  or  benches  is  white,  brown,  or  reddish, 
as  the  iron  salts  have  there  been  oxidized  to  the  ferric  compounds. 
When  the  "blue  gravel"  is  removed  from  the  mine  and  exposed  to  the  air 
and  light  it  soon  changes  its  color,  or  if  the  water  has  had  a  chance  to 
escape  from  the  low  portions  of  the  channel  the  gravel  will  not  be  blue. 
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The  term  is  usually  applied  to  prevolcanic  coauuels,  often  containing 
little  else  but  white  quartz  gravel;  it  could  be  more  fittingly  applied  to 
describe  iatervolcanic  channels,  which  are  usually  filled  with  dark 
gravels. 

Why  These  Deposits  are  Suitable  for  Drift  Mines. — ^To  the  north,  near 
the  head  waters  of  the  ancient  streama,  the  channels  are  smaller,  are  full 
of  b^  boulders,  lie  on  very  steep  grades,  are  more  deeply  and  completely 
buried  with  lava,  and  are  harder  to  find  and  more  expensive  to  mine, 
owing  to  the  high  altitude,  severe  climate,  lack  of  roads,  etc.  To  the 
south  lie  the  broad  ane.ent  valleys,  where  the  channels  are  from  1,000  ft. 
to  a  half  mile  in  width;  the  gravel  is  generally  small,  light  and  sandy, 
and  the  deposits  are  from  100  to  500  ft.  in  depth.  The  gold  is  fine  and 
scattered.  No  definite,  absolute  concentration  has  taken  place.  With 
the  widening  of  the  channels  and  a  decrease  in  the  grade,  came  a  decrease 
in  the  velocity,  ao  that  the  ooarse  gold  was  dropped  further  back  in  the 
hills,  where  the  rims  were  more  pronounced  and  the  waters  more  confined. 

Therefore  these  great  gravel  depodts  form  ideal  hydraulic,  steam-bhovel 
and  dredging  fields. 

Sierra  county  occupies  an  intermediate  position  between  the  two 
extremities.  The  channels  are  of  medium  sise,  varying  in  width  from 
■  150  to  500  ft.  The  gold  is  fairly  coarse,  yet  enough  fine  gold  is  associated 
with  the  gravels  to  warrant  the  use  of  quicksilver  in  the  sluices.  The 
concentration  is  good,  the  pay  having  been  restricted  to  the  one  main 
trough  and  to  the  gravels  confined  to  the  immediate  beds  of  the  channels. 
The  grades  run  from  2  to  5  per  cent.,  so  that  cars  may  be  trammed 
directly  up  the  beds  of  the  channels.  The  size  of  the  gravel  i±>  medium, 
and  the  boulders  are  usually  within  the  "one-man"  size.  The  gravel  is 
from  2  to  10  ft.  thick,  as  a  rule.  The  breasts  are  usually  carried  about  6  ft. 
high,  from  4  to  5  ft.  being  gravel,  the  remainder  being  bed  rock.  All 
of  this  gravel  may  carry  some  pay,  and  although  most  of  the  gold  lies 
close  to  the  surface  of  the  bed  rock,  it  usually  pays  to  wash  the  entire 
body  of  breasted  material.  These  conditions,  when  it  is  considered  that 
the  entire  district  through  which  these  channels  have  flowed  is  highly 
productive  of  gold,  mark  Sierra  county  as  the  best  drift-mining  field 
known  to  gold  miners. 

Furthermore,  the  facilities  for  mining  make  the  field  inviting.  The 
country  is  well  watered,  and  timbered,  the  climate  is  most  healthful, 
towns  and  roads  are  built  and  mail  and  telephone  service  is  at  hand. 

A  great  many  of  the  channels  can  be  traced.  The  a^ments  are  of 
good  length,  averaging  from  2,000  ft.  to  3  miles,  so  that  the  discovery  of 
only  one  segment  means  a  fortune.    As  the  development  involves  con- 
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uderable  expense,  companies  are  usually  organized  for  workii^  these 
drift  minee.  The  deposits  are  usually  developed  by  means  of  tunnels, 
so  that  the  mines  are  self-draining  and  the  material  can  be  handled  by 
gravity  methods. 

ESed  of  Modem  Erosion  on  the  Ancient  Ckannela.—The  ancient  rivers 
flowed  southerly.  The  modem  rivers  flow  westerly  and  have  cut  away 
many  miles  of  the  older  and  higher  channels  and  collected  the  gold.  The 
deep  canyons  in  which  they  fiow  are  separated  by  high  parallel  ridges. 
The  segments  of  the  old  channels  appear  near  the  tops  of  these  inter- 
vening ridges  still  buned  with  the  lavas,  but  having  two  ends  exposed 
where  the  channels  have  been  cut  away  by  the  erosion  of  the  modern 
streams,  as  shown  in  F^.  1.  This  peculiar  condition  has  given  rise  to 
the  expressions  that  a  channel  "enters,"  "runs  through,"  "breaks  out  of" 
or  "leaves"  a  ridge. 

To  an  observer  standing  at  the  bottom  of  one  of  the  deep  canyons  the 
country  appears  remarkably  broken  and  rugged;  but  from  the  tops  of  the 


ridges  the  general  view  is  that  of  a  vast  plain,  sloping  gently  to  the  west- 
ward, and  into  which  deep  east-and-west  grooves  have  been  cut. 

Tracing  Ancient  Channels  by  Scientific  Methods. — By  applying  engi- 
neerii^  methods,  many  of  the  old  channels  can  be  traced  through  the 
country,  across  the  canyons  from  one  ridge  to  the  next,  by  the  identifica- 
tion of  the  segments  found  in  the  respective  ridges, 

The  pioneers  discovered  as  early  as  1851  that  there  were  gold-bearing 
deposits  high  on  the  mountain  sides.  The  gold  in  the  shallow  placers 
was  traced  to  these  sources,  but  it  was  many  years  before  the  true  cause 
of  these  deposits  was  understood. 

To  find  the  exact  points  where  the  channels  "enter"  or  "leave"  the 
ridges  is  often  difficult,  owing  to  the  local  landslides,  deep  loam,  and 
dense  vegetation.  Wherever  developed,  these  deposits  have  proved  very 
rich.     It  appears  that  comparatively  few  of  the  ancient  river  segments 
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have  been  discovered  and  worked  out;  even  in  the  mines  opened  up, 
many  benches  and  tributiwy  channels  were  overiooked,  and  in  Bome  in- 
stances, as  in  the  Ruby  mine,  Forest  City,  the  channel  was  lost  aft«-  it 
had  been  followed  and  mined  for  half  a  mile. 

As  the  district  has  been  held  back  through  lack  of  transportatioo 
facilities,  it  is  in  many  respects  a  frontier,  and  the  field  offers  wonderful 
inducements  to  energetic  engineers  and  development  companies  who 
are  strung  enough  to  carry  the  dead  expense  necessarily  accompai^nfc 
the  exten&ive  preliminary  work. 

The  Value  of  Aruncnf  Channels 

It  is  impossible  to  get  complete  data  on  the  production  of  the  drift 
mines  of  California,  but  those  which  I  have  been  able  to  secure  are 
considered  reliable. 

While  the  old  channels  in  California  have  yielded  from  SiOO  to  $250 
profit  per  linear  foot,  where  the  yield  for  fairly  long  distances  is  averaged, 
like  modern  streams  they  have  short  stretches  of  poor  pay,  empty  pot- 
holes, and  wide  bars  of  low-grade  gravel;  so  that  before  judgment  is 
passed  upon  the  value  of  a  deposit  the  work  should  be  carried  to  a  stage 
far  beyond  that  of  mere  discovery. 

The  character  of  the  bed  rock  often  has  a  great  deal  to  do  with  the 
richness  of  the  gravel.  Even  in  the  Great  Blue  Lead,  which  averaged 
between  $400  and  (500  per  linear  foot  for  many  miles,  a  place  was  found 
on  serpentine  bed  rock  where  the  channel  was  practically  barren  for 
more  than  400  ft.  In  the  Ruby  mine,  some  unusually  rich  pay  was 
found  on  the  serpentine  bed  rock,  so  that  the  inference  cannot  be  safely 
made  that  serpentine  bed  rock  is  always  a  sure  sign  of  poor  pay,  although 
in  the  majority  of  cases  it  seems  to  be  so.  Any  hard,  homi^eneous 
or  slick  bed  rock  is  unfavorable;  porphyries  and  granites  are  fair,  while 
schists,  slates,  and  especially  the  so-called  "Calaveras  formation,"  are 
exceptionally  good  gold  catchers. 

While  it  is  the  general  consensus  of  opinion  that  Alaska  and  the 
Klondike  are  very  rich  gold  fields,  it  is  interesting  to  note  that  accord- 
ing to  the  data  collected  by  A.  H,  Brooks,  the  average  yield  of  the  Home 
streams  was  about  SIOO  per  linear  foot,  and  that  of  the  White  Channel 
of  the  Klondike  was  only  $380  per  linear  foot;  showing  that  the  average 
yield  of  the  California  channels  was  from  $50  to  $150  per  linear  foot  in 
excesb  of  that  of  the  northern  streams. 

In  a  general  way  it  may  be  said  that  the  ancient  channels  of  Sierra 
county  yield  from  $150  to  $500  per  hnear  foot.  The  Camptonville- 
Brandy  City-Scales-Port  Wine  channel  is  said  to  have  yielded  about 
$1,000,000  per  mile.  The  White  Bear  channel,  near  DownievUle,  was 
breasted  from  40  to  100  ft.  wide  and  yielded  approximately  $200,000 
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from  1,100  ft.  The  next  1,100  ft.  of  theaame  channel,  worked  by  the  New 
Monte  CristoCo.,  is  Baid  to  have  yielded  about  the  same.  For  short 
stretches,  this  channel  yielded  as  high  aa  $400  per  foot,  and  for  about 
two  years  the  average  value  of  the  gravel  extracted  by  the  White  Bear 
Co.  was  17  per  car.  The  costs  ran  from  20  to  33  per  cent,  of  the  gross 
yield,  exclusive  of  cost  of  plant  and  property.  The  mine  had  no  road  and 
all  supplies  were  packed  to  the  mine,  on  mules,  and  owing  to  the  deep 
snow  in  winter  nearly  five  months'  supplies  had  to  be  laid  in  each  fall. 

The  Bald  Mountain  channel  yielded  a  total  of  $3,100,000  from  7,500 
ft,  of  channel.  The  gravel  in  the  central  portion  of  the  pay  streak 
averaged  from  S3  to  $7  per  car  load,  but  aa  the  gravel  could  be  mined 
and  treated  for  from  $1.25  to  $1.44  per  oar,  much  low-grade  ground  was 
worked,  and  all  material  extracted  from  the  mine,  whether  waste  or  pay, 
was  charged  against  the  total  number  of  loads,  bringing  the  general 
average  down  to  about  $2.17  per  load. 

The  Ruby  and  the  Bald  Mountain  Extension  gravel  averaged  from 
$2  to  $5  per  car  load,  the  costs  of  mining  and  washing  being  about 
$1.26  per  load.  The  Young  America  gravel  mine,  near  Forest  City, 
yielded  $7  gravel  for  a  long  working  period.  The  North  Fork  mine 
gravel  paid  $5  per  load  for  hundreds  of  feet.  This  mine  was  not  worked 
out  and  is  now  being  reopened. 

It  is  usually  safe  to  figure  that  each  breaater  will  extract,  on  the 
average,  about  five  car  loads  per  day.  The  more  breastera,  therefore, 
in  proportion  to  the  outside  men,  the  greater  will  be  the  profits,  since  the 
wc^e  item  Is  about  78  per  cent,  of  the  total  operating  expense.  In  the 
lai^r  channels,  where  the  development  work  is  the  most  systematic, 
gravel  avenging  $1  per  cubic  yard,  or  about  70c.  per  car,  if  free,  will  about 
pay  for  extraction.  Cemented  gravels  require  blasting  and  crushing  or 
disintegration  by  use  of  mills  or  revolving  trommele,  so  that  the  costs 
of  mining  and  treating  are  from  50c.  to  $1.50  more  per  ton  than  is  true 
of  the  free  gravels. 

Throughout  the  Downieville-Foreat  City-AUeghany  section  gravel 
averaging  from  $1.50  to  $2.50  is  considered  good  payj  but  where  such 
values  are  found  richer  gravel  is  usually  found  in  the  center  of  the  pay 
leads.  The  averf^  yield  per  linear  foot  of  the  latter  deposits  runs  from 
$500  to  $1,000  and  the  average  value  per  cubic  yard  ranges  from  2c. 
to  40c.  The  gold  is  scattered  through  vast  quantities  of  material  and 
can  only  be  recovered  through  some  process  where  large  quantities  of 
gravel  can,  be  rapidly  and  cheaply  treated. 
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The  Book  Cliffs  Co«l  Field,  Utah 


(BaltLalie  M«eUn(.  Au«<ut,  1014) 


The  Utah  coal  field  to  which  the  name  Book  Cliffs  is  applied  runs  in  a 
northeast  direction  from  Mt.  Hilgarde,  in  Sevier  county,  along  the 
escarpment  of  the  Wasatch  Plateau  to  the  vicinity  of  Caatle  Gate,  thence 
southeast  along  the  Book  cliffs,  which  lie  to  the  north  of  and  generally 
within  sight  of  the  Denver  &  Rio  Grande  Railroad,  to  the  Colorado  line. 
The  Book  cliffs  form  the  southern  escarpment  of  the  West  and  East 
Travaputs  Plateaus,  and  vary  in  height  from  2,000  to  6,000  ft.  At  the 
base  of  the  Wasatch  and  Book  Cliffs  escarpments  is  a  broad  plain  known 
as  Castle  valley.  The  coal  beds  outcropping  in  the  escarpments  along 
this  valley  are  worked  on  the  largest  scale  of  any  in  the  State,  and  this 
particular  area  is  known  locally  as  the  Castle  Valley  coal  field. 

Geology^ 

The  Book  cliffs  are  capped  by  the  Tertiary — Eocene — formation,  con- 
aistii^  of  varicolored  shales,  buff  sandstone,  conglomerate,  and  subordi- 
nate thin  beds  of  limestone.  Different  sections  show  diverse  stratig- 
raphy. This  is  mainly  the  Wasatch  formation,  and  Ues  unconformably 
upon  the  rocks  of  the  Upper  Cretaceous.  Fig.  1  b  a  generalized  section 
of  the  rocks  of  the  Book  Cliffs  field.  The  Mesaverde  formation  contains 
the  cliff-making  rocks  of  the  Book  cliffs,  and  is  composed  of  massive  sand- 
stone interbedded  with  sandy  shales  and  beds  of  coal  and  earbonaceous 
shale.  The  sandstone  has  greater  resistance  to  erosion  and  the  formation 
is  characterized  by  escarpment  ledges  and  cliffs.  The  shale  is  commonly 
sandy  and  is  drab  in  color,  but  where  it  is  associated  with  the  coal  it  is 
usually  carbonaceous.  The  sandstone  is  generally  buff,  though  occa- 
aonally  it  is  white,  and  in  places  red.  The  bedding  ranges  from  thin  to 
massive.     In  the  lower  part  of  the  formation  the  sandstone  is  red  in 

'  Abstracted  from  Bulletin  No.  371,  U.  S.  Oeologuxd  Survey,  by  G.  B.  Richardson: 
ReconnoiBBaiice  of  the  Book  ClifTs  Coal  Field,  between  Grand  River,  Colorado,  and 
Sunnysidei  Utah. 


tains  local  lenses  of  limestone  and,  at  the  top,  thin  bedb  of  buff  sandBtone, 
by  which  this  formation  grades  into  the  Mesaverde.  The  sbsle  ia  much 
broken  by  cracks  and  joints,  which  frequently  contain  saline  films.  It 
forms  the  base  of  the  Book  cliffs  and  underlies  Castle  valley. 
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The  coal  beds  are  found  in  the  lower  700  ft.  of  the  Mesaverde  for- 
mation, and  at  the  top  of  the  Mancos  shale.  The  coal  ia  a  high-grftde 
bituminous  coal,  that  can  be  stored  for  a  long  time  without  deterioistiiHi- 
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year  appeareu  wj  ue  in  excuiieae  cunuibiun.  vyieuiiDg  la  uikb.  auoogiy 
pronounced  and  is  taken  advantf^e  of  in  mining.  Patches  of  resin  occur 
in  the  seams,  being  much  more  plentiful  in  some  mines  than  in  others. 
The  coal  burns  freely,  leaving  a  moderate  quantity  of  ash  of  a  character 
closely  resembling  wood  aahes.  British  thermal  units  range  from  13,480 
to  14,750.  The  seams  worked  vary  from  5  to  over  20  ft.  in  thickness, 
and  are  remarkably  free  from  impurities.  They  dip  at  an  angle  of  6"  or 
less,  and  the  mines  are  usually  dry — so  much  so  that  the  companies  have 
found  it  necessary  to  install  elaborate  sprinkling  systems  to  wet  the  dust, 
which  is  of  a  highly  inflammable  nature.  All  the  mines  in  the  district  are 
worked  on  the  room-and-pillar  system.  Entries  are  driven  on  the  double- 
entry  plan.  Mining  machines  have  been  in  use  for  only  a  few  years,  but 
have  come  into  such  favor  that  they  will  soon  be  in  universal  use  through- 
out the  field.  At  nearly  all  the  mines  the  seams  outcrop  high  up  on  the 
steep  hillsides,  making  it  necessary  to  use  inclines  for  transporting  the 
coal  to  the  tipples.  A  striking  feature  of  the  field  is  the  great  extent  of 
the  area  of  burned  coal,  which,  in  some  cases,  reaches  to  a  distance  of 
2,000  ft.  from  the  outcrop. 

During  1913,  Utah  produced  3,289,265  tons  of  coal.  Imported  coal 
was  consumed  to  theamount  of  3^,095  tons,  most  of  this  coal  coming  from 
Wyoming.  The  coal  exported  from  the  State  amounted  to  680,091  tons, 
which  was  distributed  among  the  States  of  Washington,  Oregon,  California, 
Nevada,  Montana,  and  Idaho.  Most  of  the  314,694  tons  of  coke  made 
at  the  Sunnyside  plant  was  shipped  to  the  smelter  at  Anaconda. 

Operators 

The  largest  operations  in  this  field  are  those  controlled  by  the  Denver 
&  Rio  Grande  Railroad  and  the  United  States  Smelting  Co.  The  former 
.  controls  the  mines  at  Suonyside  and  Castle  Gate,  as  well  as  the  Utah, 
Winter  Quarters,  Clear  Creek,  and  Schofield  mines  in  the  Pleasant  Valley 
coal  field.  The  latter  controls  the  mines  at  Mohrland,  Black  Hawk, 
Hiawatha,  and  the  Panther  mine  near  Castle  Gate.  The  mines  at  Storrs, 
StandardviUe,  and  Kenilworth  belong  to  other  companies.  All  of  these 
mines  have  railroad  shipping  facilities.  The  road  from  Price  to  Black 
Hawk,  the  Southern  Utah  &  Castle  Valley  Railroad,  has  a  5  per  cent, 
grade  in  places,  which  is  too  steep  for  good  railroading  and  the  economic 
handling  of  the  large  tonnage  expected  from  this  district.  For  this  reason 
the  United  States  Smelting  Co.  is  building  a  new  road,  the  Utah  Railway, 
from  Black  Hawk,  to  tap  the  main  line  of  theD.  &  R.  G.  R.  R.  at  a  point 
about  a  mile  south  of  Castle  Gate.  This  line  will  be  24  miles  long,  and 
vill  have  a  maximum  grade  of  2  per  cent.  Construction  is  well  along, 
and  the  road  will  probably  be  in  operation  some  time  this  fall.    The 
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accompanying  sketch  map,  Fig.  2,  shows  the  important  mines  in  both  the 
Book  Cliffs  and  Pleasant  Valley  fields. 

ItnpoTtanl  Coal-Producing  Properties  of  Utah.'    For  Year  1913 
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CasOe  Gate  Coal  Co. 

Two  mines  of  the  Utah  Fuel  Co.  are  at  Castle  Gate.  The  No.  1 
mine  entrance  is  about  600  ft.  southwest  from  the  tipple,  while  the  No.  2, 
or  Willow  Creek,  mine  is  about  a  mile  to  the  northeast,  being  reached 
by  a  motor  haulage  road  5,300  ft.  long.  This  road  has  a  gauge  of  3  ft. 
4  in.,  and  is  laid  with  60-Ib.  rails.  Trolley  supports,  made  of  li-io. 
pipe,  set  in  concrete,  are  spaced  25  ft.  apart.  The  road,  average  grade 
2  per  cent.,  passes  through  two  tunnels,  one  of  which  is  1,000  ft.  long  uid 
the  other  400  ft. 

rippie.— This  is  of  steel  construction,  and  was  built  by  the  Ottumwa 
Box  Car  Loader  Co.    It  baa  a  capacity  of  2,000  tons  per  day,  shaking 
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in.;  nut  coal,  from  If  to  either  4  or  6  in.;  lump  coal,  all  over  4  to  6  in. 
For  some  years  the  slack  coal,  that  pa&siDg  a  If-in.  screen,  was  sold 
foe  beating  and  power  purposes  until  some  one  suggested  taking  out  the 
dust  and  makii^;  two  products.  This  movement,  once  started,  had  to 
be  followed  by  all  the  companies,  and  the  result  is  that  the  diuit  has 
practically  no  market  and  is  usually  sent  to  the  dump. 

As  the  two  mines  are  on  opposite  sides  of  the  canyon  through  which 
the  TMlroad  runs,  the  tipple  is  provided  with  two  Phillips  cross-over 
dumps,  one  for  each  mine,  Ottumwa  box-car  loaders  are  employed  for 
loading  the  nut  and  lump  coal  in  box  cars;  the  open  cars  are  loaded 
directly  from  chutes. 


WASATCH 


Power  House.— Dusi  is  used  for  fuel  under  the  eleven  125-h.p.  fire- 
tube  boilers.  A  drag  conveyor  brings  the  dust  from  the  tipple  to  a  100- 
toQ  steel  bin  just  outside  the  power  house.  From  the  bin,  the  coal 
is  conveyed  to  the  bunkers  above  the  boilers,  which  are  fed  by  American 
automatic  stokers.  The  generators  installed  furnished  direct  current 
at  500  volts.  These  are  now  being  replaced  by  units  consisting  of  a 
500-kw.  General  Electric  alternating-current  generator  supplying  current 
at  2,300  to  4,000  volts  and  running  at  3,600  rev.  per  minute,  directly 
connected  to  a  Curtis  turbine  taking  steam  at  100  lb.  and  running  con- 
dessing.     One  unit  is  now  in  operation,  and  the  foundation  for  a  second 


at  aUU  volts  for  the  locomotives  and  mining  machiaes. 

The  A  or  lowest  seam,  4  to  10  ft.  thick,  was  the  first  one  opened,  and 
this  ia  now  worked  out,  save  for  the  atumps  of  a  few  pillars.  The  B 
seam,  separated  from  A  by  a  30-ft.  parting,  is  not  worked  in  this  mine; 
the  seam  is  too  thin  (3  ft.)  and  the  coal  is  not  very  clean.  Most  of  the 
present  output  comes  from  the  C  seam,  4  to  7  ft.  thick,  100  ft.  above. 
A  4-ton  electric  locomotive  is  used  in  this  seam  to  take  the  coal  to  the 
head  of  the  incline,  from  where  it  is  dropped  to  the  main  haulage  slope 
running  abong  the  A  seam.  The  D  &eam,  7  to  11  ft.  thick  and  underlain 
by  15  to  20  ft.  of  sandstone  and  shale,  was  discovered  only  a  short  time 
ago  and  the  work  done  there  is  in  the  nature  of  development  work.  At 
present  this  seam  is  reached  by  an  incline  driven  up  from  the  C  seam. 
This  necessitates  a  rather  roundabout  method  of  getting  the  coal  to  the 
tipple,  BO  the  company  is  considering  the  driving  of  a  slope  from  the 
D  seam  to  the  surface  and  dropping  the  coal  to  the  tipple  by  a  new  incline. 

The  methods  of  mining  differ  in  minor  details  in  the  two  mines,  but 
the  following  description  of  the  working  of  the  C  seam  of  the  No.  1  mine 
will  give  a  good  idea  of  the  method  employed.  Raise  entries  are  rrin 
directly  up  the  dip,  on  a  grade  of  10  per  cent.  The  first  rooms  are  run 
parallel  to  the  raise  entries,  leaving  a  barrier  pillar  about  70  ft.  thick 
between.  The  aide  entries  are  turned  off  at  right  angles,  giving  a  prac- 
tically level  grade.  The  rooms  are  turned  off  at  an  averse  angle  of  about 
55°,  which  gives  a  grade  of  about  5  per  cent.  The  rooms  for  hand  mining 
are  20  ft.  wide,  while  those  for  machines  are  driven  30  ft,  wide.  The 
pillars  between  the  rooms  are  40  ft.  wide.  Barrier  pillars  75  ft.  thick  are 
left  between  the  ends  of  the  rooms  and  the  air  course  of  the  next  entr^'. 
Though  all  workings  are  surveyed,  the  miners  are  often  instructed  to 
start  the  last  break-throughs  between  the  rooms,  by  driving  at  right  angles 
to  the  rooms  at  s  point  40  ft.  back  from  the  end.  The  State  law  required 
connections  between  the  rooms  every  125  and  159  ft.  and  every  100  to 
125  ft.  between  entries.  A  large  part  of  the  mining  in  this  mine  is  done 
by  hand,  but  recently  five  Sullivan  short-wall  machines  have  been  in- 
troduced. Little  or  no  timber  is  required  in  the  rooms,  but  the  roof 
must  be  carefully  supported  when  the  pillars  are  being  drawn.  A 
thorough  system  of  electric  shot  firing  has  been  installed.  Double 
switches,  to  guard  against  leakage,  are  used  wherever  the  firing  wires 
cross  the  trolley  line.  Inspectors  examine  all  places  where  ^ots 
have  been  fired  in  order  to  locate  any  missed  shots.  Mules  are  used  for 
haulage  in  the  rooms. 

The  No.  2  mine  has  two  workable  seams;  the  upper  one  corresponds  to 
the  D  seam  in  No.  1  mine,  and  is  from  18  to  25  ft,  in  thickness;  the  other 
corresponds  to  the  B  seam  and  is  from  4  to  7  ft.  in  thickness.    All  mining 
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A  General  Electric  locomotive,  origin&lly  of  20  tons  weight  but  re- 
duced to  15  tons,  takes  the  trips  to  the  tipple.  Mules  are  uaed  under- 
ground for  gathering  and  haulage  in  the  side  entries. 

The  output  of  No.  1  mine  is  about  850  tons  per  day,  and  of  No.  2  mine 
from  600  to  700  tons  per  day.  Wooden  cars  with  end  dump  are  used. 
These  have  a  28-in.  wheel  base,  18-in.  wheels,  and  are  made  of  rough  2-in. 
plank.  Two  sizes  are  employed ;  one  holding  2,500  lb.  and  the  other  hold- 
ing 5,800  lb.;  the  average  monthly  capacity  of  all  cars  is  about  2,300  lb. 
The  smaller  cars  are  used  in  the  narrow  seams  where  bead  room  is 
limited. 

The  Spring  Canyon  Coal  Co. 

The  mine  office  of  this  company  m  at  Storre,  Carbon  county,  Utah, 
which  \b  reached  by  a  branch  railroad  4^  miles  long,  connecting  with 
the  main  line  of  the  Rio  Grande  Western  at  a  junotioa  point  about  a  mile 
north  of  Helper. 

To  one  familiar  with  the  hastily  constructed  buildings  found  in  so 
many  Western  mining  camps  the  town  of  Storrs  is  a  pleasant  surprise. 
Lud  out  aloi%  the  bottom  of  the  canyon,  the  office,  hotel,  and  miners' 
cottages  are  supplied  with  bath,  toilet,  and  electric  Eghts,  and  are  built 
of  light-colored  sandstone  taken  from  the  nearby  quarry  of  the  company. 

The  tipple  and  power  house,  shown  in  Fig.  3,  are  at  the  lower  end  of 
the  town.  The  tipple  is  of  steel  construction  and  is  equipped  with  shak- 
ily screens.  The  coal  passes  from  the  receiving  hopper  to  the  screens 
over  a  steel  apron  picking  conveyor  5  ft.  wide.  Men  on  each  side  of  the 
conveyor  pick  out  the  waste  or  "bone"  as  the  coal  passes  by.  When  the 
mine  is  working  at  full  capacity  there  is  a  depth  of  from  15  to  20  in.  of  coal 
on  the  conveyor,  making  it  hard  to  thoroughly  clean  the  coal.  To  over- 
come the  difficulty,  the  man^ement  has  planned  to  move  the  conveyor 
to  the  lower  end  of  the  screens,  where  only  the  nut  and  lump  coal  will  pass 
over  it.  The  width  will  be  increased  to  7  ft.  and  a  central  longitudinal 
division  will  be  introduced  to  keep  the  two  sizes  of  coal  separate.  Al- 
though the  coal  is  no  dirtier  than  other  coals  in  this  field,  this  company 
is  the  first  to  install  a  picking  conveyor.  The  screens  are  arranged  to  give 
the  following  products:  Slack,  all  the  coal  passii^  a  Ij-in.  opening;  nut 
coal,  between  1|  and  either  4i  or  6  in.;  lump  coal,  all  over  4J 
or  6  in.  Some  contracts  specify  4^  in.  as  a  maximum  size  for  nut  coal, 
while  others  call  for  coal  as  large  aa  6  in. ;  so  two  sets  of  screens  are  re- 
quired. The  slack  is  elevated  to  the  top  of  the  tipple,  where  it  passes 
through  a  revolving  screen  with  f-in.  openings.  The  oversize,  or 
"6creened  slack,"  is  sold,  but  there  is  so  little  demand  for  the  undersize, 
or  "dust,"  that  it  usually  goes  to  the  dump.    The  run-of-mine  coal  gives 
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about  45  per  cent,  lump,  30  per  cent,  nut,  and  25  per  cent,  slack ;  the  dust 
in  the  slack  being  from  5  to  10  per  cent,  of  the  total  coal  mined.  The 
tracks  under  the  tipple  are  laid  on  a  2  per  cent,  grade  so  that  the  cars  will 
move  under  the  action  of  gravity  when  the  brakes  are  released.  Two 
tracks  are  for  lump  coal  and  one  each  for  the  nut  coal,  screened  slack,  and 
dust.  Gondola  cars  are  loaded  directly  from  chutes,  but  the  box  cars 
are  loaded  with  lump  or  nut  coal  by  means  of  Ottumwa  box-car  loadera. 
A  narrow  slot  is  cut  in  the  steel  chute  under  the  Ij-in.  screen.  This 
permits  of  sufficient  slack  passing  through  to  supply  the  power  house  with 
fuel.  A  spiral  conveyor  carries  the  slack  to  the  boiler  room,  where  it  is 
fed  by  hand  to  five  150-h.p.  Springfield  boilers.  These  boilers  are  of  the 
marine  type  and  give    excellent    satisfaction.     Two   200-kw.    General 


Electric  alternating-current  generators,  running  at  200  rev.  per  minute, 
furnish  current  at  2,300  volts.  They  are  directly  connected  to  Buckeye 
engines.  For  supplying  lights  and  extra  power,  when  needed,  there  is  s 
40-kw.  General  Electric  generator  runnmg  at  300  rev.  per  minute  and 
delivering  current  at  2,300  volts.  This  is  directly  connected  to  a  B.  F. 
Sturtevant  vertical  engine.  The  power  is  transmitted  to  the  mine,  where 
a  motor-generator  set  transforms  it  into  direct  current  at  250  volts. 

The  workable  coal  on  the  property  ia  found  in  three  seams.  The 
lowest,  or  No.  1,  seam  is  S  ft.  thick,  and  the  more  extensive  workings  are  in 
this  seam.  Above  this  seam,  and  separated  from  it  by  a  20-ft.  shale  part- 
ing, ia  the  No.  2  seam,  4^  ft.  thick.  This  seam  is  not  being  worked  at 
present.  The  No.  3  seam,  which  varies  in  thickness  from  6  to  13  ft.,  i; 
ISO  ft.  above  the  No.  2  seam.    The  outcrop  of  the  coal  is  high  up  on  the 
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steep  mountain  side,  the  seam^  dipping  back  into  the  mountain  at  an 
angle  of  from  7°  to  10°  from  the  horizontal;  direction  of  dip  la  about  H. 
18°  E.  The  seama  are  exbeptionally  free  from  slate.  Near  the  mouth  of 
the  main  entry  the  No.  \  seam  pinches  down  to  an  unworkable  thinness, 
but,  fortunately,  this  irregularity  is  of  small  extent.  The  main  haulage 
way  runs  NW.-SE.  toreduce  thegradetoamaximumof  3  per  cent.  The 
locomotive  pulls  the  loaded  trip  up  to  the  head  of  the  slope.  From  there 
it  pushes  the  cars  out  to  the  loading  station  of  the  aerial  tramway, 
which  connects  the  mine  with  the  tipple.  The  loading  statiqn  is  close  to 
the  entrance  to  the  mine.  The  necessity  of  pullii^  the  loads  up  grade 
introduces  an  element  of  danger,  for  a  loaded  car  or  the  entire  trip  might 
break  away  and,  running  down  the  slope,  cause  a  serious  accident.  The 
company  has  installed  a  derailing  switch,  which  is  operated  by  a  rope 
running  along  the  side  of  the  haulage  way.  Should  the  cars  break  away, 
the  trip  rider  can  pull  the  rope  openii^  the  switch  and  thusderailthecars. 
Two  trips  have  been  stopped  id  this  way,  and  what,  promised  to  be 
serious  accidents  were  prevented.  The  No.  3  seam  is  reached  by  a 
haulage  road  2,500  ft.  long,  which  runs  along  the  side  of  the  mountain. 
This  seam  has  only  recently  been  opened.  At  present  it  is  producing 
400  tons  a  day,  while  the  No.  1  seam  is  sending  out  700  tons  per  day,  mak- 
ing a  total  of  1, 100  tons  as  the  daily  output  of  the  property. 

The  side  entries  are  run  nearly  east-and-west  to  give  a  grade  of  from 
2}  to  3  per  cent.  Mining  is  done  on  the  room-and-pillar  system.  The 
rooms  are  300  ft.  long  by  30  ft.  wide,  with  34-ft.  pillars  between.  A 
barrier  pillar  50  ft,  wide  is  left  between  the  ends  of  the  rooms  and  the 
air  course  of  the  next  entry.  The  first  rooms  were  laid  off  directly  on  the 
pitch  of  the  coal,  giving  a  grade  of  from  7  to  10  per  cent.  This  was  done 
to  take  advantage  of  breaking  the  coal  on  the  face  cleats,  but  the  grade 
was  found  to  be  too  steep  fur  safe  and  easy  handling  of  the  cars.  The 
rooms  are  now  laid  off  at  an  angle  with  the  entry,  so  that  the  grade  of 
the  track  along  the  rooms  is  about  3  per  cent.  Horses  take  the  cars  to 
the  aide  entries.  Gathering  locomotives  of  the  reel  type  then  pull  the 
cars  to  the  main  haulage  way.  The  entries  are  15  ft  wide  and  8  ft. 
high.  The  coal  is  undercut  by  machines,  and  is  broken  down  with  No.  3 
Guardian  powder,  made  by  the  Independent  Powder  Co. 

Two  General  Electric  locomotives,  of  the  outside-frame  type  and 
weighing  15  tons,  are  used  on  the  main  haulage  way,  which  has  50-lb. 
raib  laid  on  heavy  sawed  ties.  Three  gathering  locomotives  are  used. 
They  weigh  6  tons  each.  All  the  locomotives  have  a  5-ft.  wheel  base, 
and  operate  on  250  volts.  Large  horses  are  used  in  the  rooms,  because  of 
the  ample  head  room  afforded  and  the  great  weight  of  the  cars. 

The  followmg  mining  machines  are  used,  all  of  the  short-wall  type: 
One  Jeffrey,  four  Sullivan,  and  seven  Goodman,  Great  care  is  exercised 
to  keep  the  faces  of  the  rooms  as  square  as  possible.    In  making  the  sump- 
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iug  cut  the  machines  are  pointed  outward  to  cut  out  into  the  rib,  so  that 
the  full  width  of  the  Foom  is  easily  broken.  The  rib  is  left  slightly 
irregular,  but  is  squared  up  with  little  trouble.  The  machines  make 
a  6-ft.  cut.  The  blasting  holes  are  put  in  to  a  depth  of  5i  ft.,  the  coal 
breaking  readily  to  the  full  depth  of  the  cut. 

Sturtevant  fans,  5  ft.  by  2  ft.  6  in.,  are  used  for  ventilation,  one  for 
each  seam.  Owing  to  the  small  extent  of  the  working,  no  gauge  pressure 
can  be  noticed.  The  overcasts  are  made  with  walls  10  in.  thick,  the 
bottom  being  reinforced  with  old  rails.  A  mixture  of  1  part  cement 
with  5  parts  of  "bug  dust,"  or  machine  cuttings,  makes  an  excellent 
material  for  the  walls.    It  is  also  used  for  the  stoppings. 

The  tramway,  connecting  the  mine  and  tipple,  was  built  by  the 
American  Steel  &  Wire  Co.  It  has  a  drop  of  approximately  500  ft.  in 
a  distance  of  3,000  ft.  The  loading  station  is  on  a  precipitous  slope  of 
the  mountain.  This  location  is  necessary  in  order  to  avoid  an  angle 
station  on  the  tramway.  A  steel  truck  holding  two  of  the  tramway 
buckets  is  used  in  place  of  a  regular  mine  car.  The  weight  of  the  as- 
sembled empty  car  is  3,300  lb.  and  each  bucket  holds  on  an  average  2,300 
lb.  of  coal,  making  the  weight  of  a  loaded  car  7,900  lb.,  of  which  41.8 
per  cent,  is  dead  weight.  This  unduly  large  per  cent,  of  dead  weight 
makes  the  cost  of  haulage  so  high  that  the  company  is  now  designing  a 
lighter  car.  The  loaded  cars,  as  they  come  from  the  mine,  pass  over  a 
Strate  coal  scale  and  then  on  to  a  tipping  platform,  where  the  tramway 
carriers,  or  hangers,  are  attached  to  the  lugs  on  the  buckets.  The  steel 
truck  is  then  lowered  to  free  the  buckets  and  to  permit  of  their  being 
started  on  their  way.  Two  empty  buckets  are  now  run  over  the  truck, 
which  is  raised,  and  the  hangers  are  then  disengaged.  The  assembled 
empty  car  is  kicked  on  to  the  return  track  by  the  oncoming  load,  A 
6-h.p.  motor  operates  the  tipping  platform.  The  tramway  is  self  operat- 
ing, but  a  30-h.p.  motor  is  installed  at  the  head  end  to  bring  up  supplies 
in  case  no  coal  is  being  sent  down.  At  the  tipple,  the  buckets  are  dumped 
by  hand.  The  carriers  are  automatically  detached  from  the  cable  and 
run  into  the  tipple  on  a  track.  On  making  the  half-cu-cle  turn  to  the 
return  track  they  pass  over  a  small  bin,  or  hopper.  The  dumping  has  to 
be  done  quickly,  because  of  the  limited  dumping  space,  and  the  buckets 
must  not  come  too  close  together.  The  estimated  capacity  of  the  tram- 
way is  250  tons  per  hour,  but  this  b  not  attained  at  present.  It  is  planned 
to  extend  the  dumping  space  so  that  the  full  capacity  can  be  had. 

The  dust  in  this  mine  is  highly  inflammable.  To  minimize  the  danger 
of  explosion  an  extensive  sprinkling  system  has  been  installed,  by  means 
of  which  all  haulage  ways  and  working  places  are  kept  damp.  The  work- 
ings are  free  from  gas  and  the  miners  use  acetylene  lamps.  The  mine  is 
equipped  with  the  Stromberg-Carlson  telephone,  and  the  haulage  wa^-s 
are  l^hted  by  electricity.    Near  the  entrance  to  the  mine  is  a  repair 
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shop,  which  is  provided  with  emery  wheel,  foi^ea,  drill  press,  lathe,  and 
shaper. 

Analyses  of  Coals 

o                       Volatile           ,  ,            ..  ■  ,              Fixed  c  ,  .             n , 

^""^                 Matter           ^^          "'"^'""       Carbon  ^"'P''"''  ^■'■"■ 

Per  Ceot.    Per  Cent.     Per  Cent.     Per  Cent.  Per  Cent. 

No.  1                    46.7              4.5                1.9              46,9  1.07  14,547 

No.  2                    47.4              4.6               0.7              47,2  0.98  14,730 

No.  3                    43  4              3.6               1.8             51.2  0.89  U,725 

The  mine  haa  been  producing  but  slightly  more  than  a  year.  The 
company  controls  2,000  acres,  of  which  1,200  acres  are  coal  bearing.  The 
elevation  of  the  mine  is  6,780  ft. 

Standard  Coal  Co. 

This  mine  is  at  Standardville,  about  a  mile  northwest  of  Storrs.  The 
.Standard  is  one  of  the  newest  companies  in  the  field,  and  has  not  yet 


reached  the  producing  stage.  The  work  being  carried  on  is  development 
work,  though  daily  shipments  of  from  350  to  400  tons  are  being  made. 

The  mine  and  tipple  are  connected  by  an  incline  4,200  ft.  long,  the 
first  half  of  which  is  on  a  7  per  cent,  grade,  while  the  second  half  has  a  12.5 
per  cent,  grade.  At  the  entrance  to  the  mine  the  coal  seam  is  14  ft.  thick, 
but  this  represents  a  rather  unusual  condition,  as  the  average  thickness  is 
from  10  to  12  ft.      A  thin  parting  occurs  about  5  ft.  from  the  floor. 

The  reinforced  concrete  tipple.  Fig.  4,  presents  some  interesting  fea- 
turesof  design.    In  order  to  dispense  with  the  approach  trestle,  and  togive 
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asubatantial  bracing  to  the  tipple,  a  reinforced  concrete  retaining  wall.  Fig. 
5,  was  built.  The  wall  is  18  in.  thick  at  the  bottom,  10  in.  thick  at  the 
top,  and  is  46  ft.  high  at  the  highest  point.  Buttresses  arc  placed  ever>' 
13  ft.  The  mine  cars  pass  continuously  in  one  direction  over  a  track 
laid  close  to  the  edge  of  the  wall.     The  filling  required  was  12,000  cu.  yd., 


'U^tblck 


Fia.  5. — Plan  of  Reinporcgd  Concrsti!  Rbtaikinq  Wall  bhovm  m  Fig.  A. 
much  oi  it  coming  from  the  cuts  made  during  the  oonatouctioa  of  the 


The  shaking  screens  rest  on  roller  bearings,  which  are  secured  to  haavy 
I-beams  imbedded  in  the  inclined  c<m(a«te  Btriogen.    Pillars,  placed  be- 


Fia.  6. — Beabino  fob  Shakino  Screbhs. 

tween  the  raih^ad  tracks,  support  the  stringers  and  screens.  To  secure 
the  undulating  motion  of  the  suspended  type  of  shaking  screen,  ^>ecia1 
bearings  were  designed.  Their  arrangement  is  shown  in  Fig.  6.  The 
brace  plates,  placed  against  the  sides  of  the  bearings,  are  firmly  riveted 
to  the  I-beams,  which  have  their  ends  strongly  anchored  in  the  retaining 
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wall  in  order  to  make  the  structure  &8  rigid  as  possible.     It  ia  said  that  the 
vibration,  when  the  screens  are  running,  can  scarcely  be  noticed. 

The  slack  is  elevated  to  a  revolving  screen,  which  discharges  the  duat 
and  screened  slack  into  steel  bins  plaoed  beneath  the  screen.  A  rotary 
dump,  made  by  the  Link  Belt  Co.,  is  used  for  the  mine  cars.  The  rail- 
road box  cars  are  filled  by  means  of  an  Ottumwa  rocking  cradle  loader, 
the  first  one  of  this  type  to  be  used  in  the  State. 

Ijidependent  Coal  db  Coke  Co. 

This  company's  mine  is  at  KeoilwiH^h,  the  terminus  of  the  Kenilworth 
&  Help«  Railroad,  a  branch  line  4  miles  long,  which  leaves  tbe  majn  line 
of  the  D.  &  R.  0.  R.  R.  at  Kenilworth  Junctiw,  a  point  about  a  mile 
south  of  Helpar.  The  road  has  a  maximum  grade  of  6.4  pw  cent.,  re- 
quiring the  use  of  Shay  U>comotivee,  three  of  which  are  now  in  operatim. 
Two  of  these  are  of  90  tons  weight  and  the  oth«  weighs  70  tons. 

Kenilworth  is  a  well-built  town,  laid  out  in  a  systematic  manner  on  a 
gently  sickling  flat  at  the  foot  of  the  mountains.  There  are  159  buildings 
in  all,  135  of  which  are  for  the  miners.  Most  of  these  latter  are  four-room 
houses.     About  400  men  are  employed  at  present. 

Power  House, — -This  is  a  substantial  stone  building  containing  six  boil- 
ers, feed-water  heaters,  pumps,  and  generator.  The  boilers  are  125-h.p. 
Kewanee  horizontal  tubular  boilers,  72  in.  by  16  ft.,  and  are  equipped  with 
American  automatic  stokers.  Dust  is  used  for  fuel.  The  500-kw. 
alt^matiz^-current  generator  ia  of  General  Electric  make,  operating  at 
2,300  volts,  and  is  directly  connected  to  a  Curtis  turbine  running  at  3,600 
rev.  per  minute  and  taking  steam  at  125  lb.  The  exhaust  steam  goes  to  a 
No.  2  Worthington  countef-curr^it  jet  condenser  and  then  to  the  cooling 
apparatus,  consisting  of  24  Schute  Koerting  spray  nozzles  and  a  concrete 
reservoir  ol  100,000  gal.  capacity. 

Tipple. — ^The  old  wooden  tipple  is  to  be  superseded  by  an  all-steel 
tipple  of  3,000  tons  daily  capacity,  designed  by  the  Link  Belt  Co.  This 
tipple  is  of  the  shaking-screen  type  and  will  make  five  sizes  of  coal,  in 
addition  to  the  stra^ht  mine  run.  Two  60-ton  storage  bins  are  provided 
for  the  screened  slack  and  dust.  A  drag  conveys  will  take  the  dust  to  the 
power-house  storage  bins  for  use  undw  the  boilers.  Ottumwa  bcn-car 
loaders  will  be  used.  One,  of  the  standard  pusher  type,  is  equi^^wd  with 
horizontal  steam  engines;  the  other  is  an  Otttimwa-Ecka  loadra  (A  the 
belt  conveyor  type,  illustrated  in  Fig.  7.  This  is  equipped  with  an  electric 
motor  and  is  so  arranged  on  a  turntable  that  it  can  be  used  on  either  of 
two  tracks.  The  dump  is  of  the  Link  Belt  revolving  type  and  handles  one 
mine  car  at  a  time.  One  feature  of  the  tipple  is  the  use  of  an  incline  car 
lift,  shown  in  F^.  8.  The  empty  cars,  upon  passing  thecroas-over  switch 
and  starting  back,  run  on  to  a  short  stretch  of  steeply  inclined  track,  up 
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Mine.—Tvro  inclinee  are  used  to  drop  the  coal  down  from  the  mine  to 
the  tipple.  The  first,  or  Kenilworth,  incline,  beginning  at  the  tipple,  has 
a  length  of  200  ft.  on  a  2  per  cent,  grade,  then  a  stretch  of  620  ft.  on  a 
27.7  per  cent,  grade,  the  last  part  being  1,390  ft.  long  with  a  grade  of  39 
percent.  Thia  incline  delivers  the  empty  carstothesecondincline,  called 
the  "shelf  road."  This  incline  is  1,200  ft.  loi^,  with  an  average  grade 
of  12|  p^  cent.  It  runs  around  the  edge  of  the  mountain  to  the  mouth 
of  the  mine,  following  the  dip  of  the  sandstone  strata.  A  25-h.p.  motor  is 
used  on  the  main  incline  for  starting  the  trips,  while  the  shelf  road  is  pro- 
vided with  a  200-h.p.  motor.  Eight  cars  make  up  a  trip.  The  cars  are 
of  wood  and  weigh  3,500  lb.  each.  Thdr  average  load  is  7,000  lb.  of  coal, 
the  cars  being  piled  high  with  lumps.  There  are  three  workable  seams  on 
the  property.  The  lowest  seam  averages  18  ft.  in  thickness,  and  is  called 
the  Aberdeen  seam.  The  Royal  Blue  seam,  7  ft.  thick,  is  45  ft.  above  this. 
The  Kenilworth  seam  is  66  ft.  above  this  and  has  an  average  thickness  of 
18  ft.  The  present  daily  output  of  1,500  tons  comes  almost  entirely  from 
the  Aberdeen  seam.  This  seam  dips  N.  10°  W.  on  a  10  per  cent,  slope. 
The  main  haulage  way  runs  N.  32°  58'  W.  along  the  seam  on  a  9  per  cent, 
slope  for  2,200  ft.  and  then  turns  due  north  to  keep  within  the  property 
lines.  This  slope  will  soon  be  double  tracked  throughout.  It  is  provided 
with  a  double-drum  400-h.p.  electric  hoist,  operating  at  a  speed  of  1,000 
ft.  pe<-  minute.  Rooms  are  350  ft.  long  and  24  ft.  wide,  with  50-ft.  pillars 
between.  Entries  are  driven  7  ft.  by  12  ft.,  each  pair  being  driven  65  ft. 
center  to  center.  Horses  are  used  for  gathering,  no  locomotives  being 
employed  at  present,  though  their  use  in  the  future  is  being  considered. 
The  coal  is  mined  both  by  hand  and  by  machines,  six  of  which  are  in 
operation,  one  Jeffrey  and  five  Sullivan,  all  of  the  short-wall  type.  Mono- 
bel  powder  is  employed  for  breaking  the  coal,  and  all  shots  are  fired  by 
'electricity.  An  elaborate  sprinkling  system  has  been  installed.  No 
timber  is  required,  the  mine  roof  being  exceptionally  solid.  No  work  has 
been  done  toward  the  opening  of  the  Royal  Blue  seam,  and  development 
on  the  Kenilworth  seam  has  been  in  progress  for  only  a  few  months.  To 
reach  th^e  seams  a  connecting  slope  has  been  driven  from  a  point  at  the 
bend  in  the  main  haulage  slope  of  the  Aberdeen  seam.  This  connection 
is  540  ft.  long  and  has  a  grade  of  15  per  cent.  All  the  coal  from  these  up- 
per seams  will  be  dropped  to  the  bottom  seam  for  hauling  to  the  surface. 
The  double  tracking  of  the  main  haulage  way  will  provide  for  a  large  in- 
crease in  tonnE^e.  A  motor-generator  set  transforms  the  alternating 
current  at  2,200  volts  into  direct  current  at  250  volts  for  mine  use.  The 
steepness  of  the  main  incline  has  been  the  cause  of  occasional  accidents. 
The  mine  cars  have  broken  away  from  the  cable,  but  they  hardly  ever 
reach  the  tipple  below,  being  stopped  on  a  fill  of  soft  earth  about  200  ft. 
from  the  tipple.  A  large  mass  of  sandstone  broke  away  from  the  clifl 
above  the  incline  and  struck  squarely  on  the  rwls  of  one  track.    It  slid 
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down  the  track  and  smashed  over  the  end  of  the  old  wooden  tipple,  doing 
considerable  damage.  To  obviate  any  such  damage  to  the  new  tipple,  it 
is  placed  to  one  side  of  the  old  tipple  and  the  tracks  are  curved  for  a,  short 
distance  at  the  bottom  of  the  incline.  It  is  thought  that  the  velocity  of 
any  runaway  object  will  be  so  great  that  it  will  not  make  the  turn,  but 
will  keep  straight  on  past  the  tipple. 

Analyses  of  CoaU 
VoUtUe       Fixed 

Matter,     Carbon,  Ash,  Moisture,      B.t.u. 
Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Aberdeen 43.97        51.62  2.96  1.45           13,480 

Royal  Blue 39.66        56.89  1.21  2.36           14,026 

Kenilworth 42.83        52.52  2.28  2.37           13,536 

Castle  Valley  Coal  Co. 

This  company  has  its  mine  at  Mohrland,  in  the  northern  part  of  Emen,' 
county,  the  southernmost  point  reached  by  the  Southern  Utah  &  Castle 
Valley  Railroad. 

Tipple. — This  is  a  substantial  framed  structure,  Fig.  9,  covered  with 
corrugated  iron,  and  is  built  in  the  shape  of  the  letter  L;  the  long  arm 


Fig.  9. — Tipple  at  the  Minb  of  the  Castle  Valley  Coal  Co. 

contfuns  the  Phillips  cross-over  dump  at  the  lower  end;  the  upper  part 
is  long  enough  to  hold  a  trip  of  17  cars  and  serves  to  afford  protectioii 
to  the  men  in  severe  weather.  The  short  arm  contains  the  shaking  screens. 
Wooden  bins  are  used  for  the  dust  and  screened  slack.  By  their  use,  the 
tipple  is  not  forced  to  shut  down,  should  there  be  a  shortage  of  cars,  or 
difficulty  in  getting  the  loaded  ones  out  of  the  way.    The  mine  cars  are 
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of  ateel  and  were  made  by  the  Watt  Car  Co.  They  weigh  3,300  ib.  and 
hold  from  3  to  4  tons  of  coal,  depending  upon  the  fullness  of  loading.  They 
are  equipped  with  link  and  pin  coupling,  but  additional  side  chains  are  used 
for  the  sake  of  safety.  Fairbanks  quick-reading  scales  take  the  weights 
of  the  cars  just  before  they  run  on  to  the  dump.  Christie  box-car  loaders, 
fitted  with  50-h.p.  motors,  are  used  for  loading  the  nut  and  lump  coal. 
These  work  at  a  high  rate  of  speed,  throwing  the  coal  against  the  ends  of 
the  care  with  considerable  force,  which  would  lead  to  the  making  of  a 
large  amount  of  fines  if  the  coal  were  very  soft  or  brittle.  The  tipple  has 
been  in  operation  but  a  little  over  a  year. 

jtftTie.—The  mine  and  tipple  are  connected  by  an  incline  6,600  ft.  long, 
having  a  maximum  grade  of  10  per  cent.  The  tracks  pass  through  two 
tunnels,  one  of  which  is  400  ft.  long  and  is  on  a  4°  curve.  Sixty-pound 
rails  are  used,  permitting  of  high  speed  of  operation.  The  hoist,  at  the 
head  of  the  incline,  was  built  by  the  Denver  En^neering  Works.  It  was 
designed  for  lowering  trips  with  a  maximum  rope  pull  of  15,000  lb.  at  a 
rope  speed  of  1,500  ft.  per  minute.  This  rope  pull  is  taken  care  of  by  four 
band  brakes,  each  15  in.  wide  and  6  ft.  in  diameter.  The  brake  rings  are 
equipped  with  a  large  number  of  cooling  vanes  in  order  to  radiate  the  heat 
generated.  The  rope  sheaves  are  6  ft.  in  diameter  and  are  grooved  for 
three  laps  of  li-in.  steel  rope.  Owir^  to  unfavorable  grades,  the 
hoist  is  not  self-starting,  but  is  geared  to  a  170-h.p.  motor.  This  is  thrown 
out  of  gear  as  soon  as  the  trip  is  well  under  way.  The  length  of  the  hoist 
is  20  ft.,  width  10  ft.,  and  height  7  ft.  The  shipping  weight,  exclusive  of 
motor,  was  55,000  lb.  The  hoists  used  at  the  Black  Hawk,  Hiawatha, 
and  Standard  mines  are  of  similar  design.  The  coal  seam  on  this  property 
varies  from  12  to  19  ft.  in  thickness,  and  dips  S.  10°  30'  E.  at  a  slope  of  2.85 
per  cent.  The  main  haulage  way  runs  N.  72"  02'  W.  and  has  a  slope  of  0.3 
per  cent,  in  favor  of  the  loads.  Side  entries  are  run  N.  18°  58'  ^.  and  18° 
58'  W.  on  grades  of  -1-1.05  per  cent,  and  —2.45  per  cent,  respectively. 
Rooms  are  400  ft.  long  by  20  ft.  wide,  with  4(>-ft.  pillars  between.  Entries 
aredriven8byl0ft.,with50-ft.  pillars  between.  Where  the  seam  is  thick- 
est, the  first  cut  is  mined  6  ft.  in  height;  a  second  cut  of  from  4  to  6  ft.  is 
then  taken  out,  and  the  remainder  of  the  seam,  left  to  insure  a  good 
roof,  is  taken  down  when  the  pillars  are  pulled.  It  is  the  intention  of  the 
management  not  to  pull  any  pillars  until  all  the  rooms  have  been 
worked  out.  The  pulling  of  the  pillars  will  then  begin  at  the  boundary 
of  the  property. 

Mining  is  done  wholly  by  machines.  At  the  present  time  five  Good- 
man ch^n  breast  machines  and  four  Jeffrey  short-wall  machines  are  used. 
Hauling  is  done  by  Goodman  locomotives,  of  weights  varying  from  5  to  10 
tons.  These  are  equipped  with  reels  for  gathering  purposes.  Because  of 
the  highly  inflammable  nature  of  the  dust,  the  mine  la  equipped  with  a 
well  laid  out  sprinlding  system.     The  main  entries  have  3-)n.  pipes,  with 
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cules  dynamite.  Ventilation  is  good,  but  the  company  has  recmtiy 
ordered  a  Jeffrey  fan  of  300,000  cu.  ft.  per  minute  capacity  agunst  3  in.  of 
water.  Power  is  generated  at  250  volts,  direct  current,  and  istranamitted 
as  such  to  the  mine. 

The  coal  is  quite  free  from  impurities  and  brealta  readily  and  in  large 
lumps,  the  output  runnirg  nearly  70  per  cent.  lump.  The  daily  pro- 
duction is  from  1,600  to  1,700  tons.  The  elevation  of  the  mine  is 
7,800  ft. 

Black  Hawk  Coal  Co. 

The  camp  of  Black  Hawk  ia  about  4  miles  north  of  Mohrlaud.  The 
main  yards  of  the  new  Utah  Railroad  will  be  located  here  and  an 
elaborate  system  of  tracks  is  being  laid  out. 

Tipple.~Thia  ia  a  frame  structure  built  a  few  years  ago.  An  incline 
laid  with  45-lb.  rails  and  7,400  ft.  long,  with  a  drop  of  1,000  ft.,  connects 
the  mine  and  tipple,  yet  the  coal  is  discharged  near  the  bottom  of  the 
tipple  on  to  an  ^ron  conveyor  which  elevates  it  to  the  screens.  This 
conveyor  is  a  source  of  much  trouble;  ao  much  so  that  the  present 
company,  which  inherited  the  tipple,  is  drawing  plans  for  a  new  steel 
tipple.  An  interesting  feature  of  the  present  tipple  is  the  use  of  lip  screens 
with  openings  3  in.  wide  at  one  end,  5  in.  wide  at  the  other,  and  11  in. 
long.  Thb  type  of  screen  is  much  used  in  the  Wyoming  coal  fields.  Its 
particular  advantage  lies  in  the  fact  that  the  pieces  of  coal  are  rolled  over 
in  passing  the  screen,  thus  giving  a  more  thorough  screening  and  a 
better  opportunity  for  the  nut  coal  to  pass  through  the  screen.  The  sizes 
made  at  the  tipple  are  the  same  as  those  made  by  the  companies  men- 
tioned above.  The  company  supplies  much  coal  to  the  railroads.  This 
coal  ia  run-of-mine  grade,  but  with  a  maximum  size  of  8  in.  for  lumps, 
as  the  firemen's  union  specifies  that  its  members  should  not  be  compelled 
to  shovel  coal  of  a  larger  size.  Though  designed  for  handling  700  tons 
per  day,  the  present  daily  output  is  from  1,100  to  1,200  tons.  Box  cars 
are  loaded  by  steam-driven  Christie  box-car  loaders.  A  PhiUips  cross- 
over dump  and  Fairbanks  quick-weighing  scales  are  used. 

The  coal  seam  varies  in  thickness  from  15  to  22  ft.  Mine  cars  are  the 
Watt  all-steel  car.  Haulage  way  and  entries  are  driven  10  by  10  ft, 
with  40-ft.  pillars  between.  The  main  haulage  way  runs  8.  42"  37'  W 
and  has  a  grade  of  —1.98  per  cent.  Side  entries  run  as  follows:  First 
urest  entry,  N.  79"  37'  W.  on  a  -0.74  per  cent,  grade,  'then  N.  47°  93' 
W.  on  a  -1-0.16  per  cent,  grade;  first  east  entfy  runs  S.  79"  37'  E.  cm  a 
+  1.29  per  cent,  grade,  then  N.  61"  57'  E.  on  a  -H2.27  per  cent,  grade. 
Rooms  are  400  ft.  long  by  25  ft.  wide,  with  35-ft.  pillars  between.     The 


eacry  curves  and  gatnering  locomotives  will  soon  be  used.  Mules  are 
used  in  the  rooms,  and  10-ton  Goodman  locomotives  on  the  main  haulage 
way.  Mining  is  done  by  mactunea,  eight  Sullivan  short-wall  and  eight 
Goodman  breast  machines  being  used.  An  electrio  firing  system  is  in- 
stalled. The  switch  at  the  mouth  of  each  room  is  operated  by  the 
mino?.  Each  entry  has  a  switch  at  its  head.  This  switch  is  in  a  locked 
box,  which  can  be  opened  only  by  a  shot  firer.  The  main,  or  firing,  switch 
is  located  outside  the  mine.  All  who  enter  the  mine  must  hang  up  checks 
(m  a  check  board  at  the  mouth  of  the  mine,  taking  them  up  on  their  re- 
turn. The  shof  firer  is  not  allowed  to  close  the  m^n  switch  until  every 
one  has  checked  out.  Should  a  check  remain  on  the  board,  the  man  must 
be  accounted  for  before  the  shots  can  be  fired.  First-^d  sets  are  placed 
in  the  mine,  usually  near  the  heads  of  the  side  entries.  Power  is  trans- 
mitted from  the  power  house  to  the  mine  at  2,300  volts,  where  a  motor- 
generator  set  transforms  it  into  direct  current  at  250  voits.  The 
elevation  of  the  mine  is  8,100  ft. 


Consolidated  Fuel  Co. 

The  office  of  this  company  is  at  Hiawatha,  about  a  mile  northwest  of 
Black  Hawk.  Two  mines  are  operated,  Hiawatha  No.  I  and  Hiawatha 
No.  2.  They  are  on  the  same  seam,  but  are  on  opposite  sides  of  the 
canyon.  The  mines  are  reached  by  an  incline  10,400  ft.  long,  42-in. 
gauge,  and  with  a  maximum  grade  of  10  per  cent.  The  seam  is  from  12 
to  16  ft.  thick.  Rooms  are  400  by  25  ft.,  with  45-ft.  pillars  between. 
Entries  are  driven  10  by  10  ft.  The  cabin  pillars  left  at  the  ends  of  the 
rooms  are  60  ft.  wide,  but  are  now  being  changed  to  40  ft.  The  seam 
dips  at  about  3  per  cent,  and  the  entries  are  run  on  grades  of  from  1/2 
to  2  per  cent.  The  workings  are  carefully  laid  out  from  surveys,  and 
this  mine  is  operated  in  the  most  systematic  manner  of  any  in  the 
district.  Like  the  other  mines  of  the  district,  it  is  provided  with  an 
electric  firing  system;  40  per  cent.  Hercules  dynamite  is  used.  Mining 
IB  done  by  machines;  seven  SuUivan  and  one  Jeffrey  short-wall  machines 
and  one  Goodman  breast  machine  are  used.  Hauling  is  done  by  four 
10-ton  and  one  5-ton  Goodman  locomotives.  The  tipple  has  the  usual 
^nangement  of  shaking  screens.  The  dump  is  of  the  rotary  type,  being 
the  first  of  this  type  used  in  the  State.  The  daily  output  is  from  1,500 
to  1,600  tons. 

The  Castle  Valley  and  the  Black  Hawk  coal  companies  and  the  Con- 
solidated Fuel  Co.  are  controlled  by  the  U.  S.  Smelting  Co.,  which  has 
plans  for  extensive  improvements  of  the  properties.  The  individual 
power  plants  are  to  be  replaced  by  a  central  station  located  at  Black 


1748  THE  BOOK  CLIFFS  COAL   FIELD 

Hawk.  Two  750-kw.  generators,  direct  connected  to  steam  turbinea, 
are  to  be  instailed  and  sufficient  space  is  to  be  left  for  two  more.  The 
tipple  at  Black  Hawk  is  to  be  replaced  by  a  steel  one  of  3,000  tons  daily 
capacity.  Its  location  is  to  be  such  that  the  tram  line  will  be  ^ortened 
to  6,000  ft,  and  will  be  in  a  straight  line,  instead  of  having  a  curve  near 
the  middle  point  as  at  present.  The  Hiawatha  tipple  is  to  be  r^laced 
by  a,  steel  one  of  5,000  tons  daily  capacity.  During  the  month  of 
November,  1913,  the  pajnroU  of  these  companies  amounted  to  $107,000, 
about  1,800  men  being  employed. 

Analyses  of  Coala 

Fixed  Vol&tUe 


Ctirbon,        Matter, 
Per  Cent.      Per  Cent. 


Aflh, 
Per  Cmi. 


Caatte  V»Uey 2.16  47.56  44,60  5.64 

Black  Hawk 2.14  47.29  43.53  7.0* 

Hiawatha 3.29  51.22  40.98  4.51 

Utah  Fuel  Co. 

The  Utah  Fuel  Co.  has  two  mines  at  Sunnyside.  The  seams  are  cut 
by  a  canyon,  so  two  mines  have  been  developed.  Two  seams  are  worked; 
the  upper  seam  is  6  ft.  thick  and  the  tower  seam  is  from  10  to  12  ft.  in 
thickness.  The  parting  is  from  18  to  40  ft.  thick  in  the  No.  1  mine  and 
from  12  to  30  ft.  thick  in  the  No.  2  mine.  The  coa!  dips  a  little  north  of 
east  at  an  average  of  9  per  cent. 

The  mfun  slopes  are  driven  directly  down  the  dip,  and  200-h.p.  hoists 
are  used  at  the  head  of  the  slope.  These  are  capable  of  handling  trips  of 
16  cars,  each  car  weighing  5,800  lb.,  at  a  speed  of  1,500  ft.  per  minute. 
Side  entries  are  turned  off  at  right  angles  and  at  intervals  of  400  ft., 
making  the  rooms  360  ft.  long  except  where  a  fault  of  30  ft.  displacement 
cuts  through  the  property;  the  rooms  driven  to  this  fault  are  600  ft. 
long.  The  rooms  are  turned  off  at  45°  with  the  entries  to  reduce  the  grade. 
Horses  and  mules  are  used  in  the  rooms  and  side  entries,  while  electric 
locomotives  haul  the  coal  from  the  main  slopes  to  the  tipple.  The  tvo 
locomotives  used  at  No.  1  mine  weigh  8  to  13  tons,  respectively,  while 
the  two  at  the  No.  2  mine,  where  the  length  of  haul  is  2.66  miles,  are  of  13 
and  15  tons  weight.  The  Jeffrey  fan  at  No.  2  mine  is  capable  of  supply- 
ing 300,000  cu.  ft.  of  air  per  minute  agEunst  5  in.  of  water.  Its  motor 
takes  alternating  current  at  4,000  volts  directly  from  the  transmission 
line,  but  a  motor-generator  set  is  used  to  supply  direct  current  at  500 
volts  for  the  locomotives  and  mining  machines.  All  mining  is  done  by 
hand  at  present,  but  four  Sullivan  short-wall  machines  have  been 
ordered. 

This  is  a  coking  coal  and  practically  the  entire  daily  output  of  the 
mines,  about  2,500  tons,  is  made  into  coke.     The  breaker,  which  also 
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contains  shaking  screens  in  case  coal  is  to  be  shipped,  is  in  two  units, 
each  of  which  consists  of  one  set  of  toothed  rolls,  36  in.  diameter  by  40 
in.  face,  which  break  the  coal  to  nut  size  (largest  pieces  3  in,).  From  the 
rolls  the  coal  goes  to  a  No.  8  Williams  Jumbo  disintegrator.  A  Jeffrey 
continuous  bucket  elevator  36  by  12  by  12  in.  elevates  the  coal  to  a  re- 
volving trommel,  5  ft.  in  diameter  *y  12  ft.  long,  with  |-in.  openings. 
The  undersize  goes  to  the  oven  bins,  while  the  oversize  is  returned  to  the 
disintegrator.  Six-ton  electric  larry  cars  are  used  for  charging  the  ovens. 
There  are  726  ovens  in  operation,  but  the  company  can  hardly  meet  the 
demand  for  coke,  most  of  which  goes  to  the  smelter  at  Anaconda.  The 
ovens  are  of  the  beehive  type,  12  ft.  in  diameter,  and  take  a  charge  of  6 
tons.  The  time  of  coking  is  48  hr.  and  the  coke  made  is  55  per  cent,  of 
the  chaise.    All  the  coke  is  hand  pulled. 

The  power  house  has  14  fire-tube  boilers,  of  125  h.p,,  12  of  which  are 
kept  in  continual  operation.  Both  altematii^  and  direct  current 
generators  are  used,  but  the  company  is  planning  to  put  all  power  on  an 
alternating-current  basis,  and  a  500-kw.  turbo  generator,  similar  to  the 
one  at  Castle  Gate,  has  just  been  installed. 

Analyaea  of  Coala 

....  Volatile     Fixed         ,  ,  o  i  •.  t>  i 

Mo«ture,    j^^^^_  ^^^^      Mh.  Sulphur,      B.t.u. 

Per  Cent.    Pw  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Castle  Gate 2.88  39.57        54.41        3,14  0.493        13,698 

Sunnyside 1.87  39.22        54.78        4.13  1.022        13,944 

Acknowledgments 

The  photograph  of  the  Standard  Coal  Co.'s  tipple  was  taken  by  D. 
H.  Blossom,  chief  engineer.  I  also  wish  to  acknowledge  my  indebted- 
ness to  J.  E.  Pettit,  State  Coal  Mine  Inspector,  Prof.  R.  B.  Ketchum, 
of  the  University  of  Utah,  and  to  the  various  officials  of  the  coal  companies 
through  whose  kind  assistance  I  have  beeU'Cnabled  to  secure  the  data 
here  presented. 


.coy  Google 


,0,  Google 


id  ueraaftei  shou 


OF  MINING  ENGINEERS 

onfarabty  be  prcHiDtAd  in  pervoD  At  th« 

_, ,-P«r  will  bs  rsEMl,     If  tUn  ig  impoBaibie. 

tbaD  diAoiuaioD  to  writing  mi^  b«  i«Qt  to  thA  Editor,  Ameriaaji  loatitiite  of  Mining  Enffinsan.  20  W««( 
3Sch  Street,  New  York,  N.  Y.,  for  prHsnUtioa  b;  the  SwceUry  or  oCbsr  npreseotslivs  of  its  kuthor. 
,._. ._. ..■ J.   .._  - ---^onof  thi»p»pBrwiUolo«Oot.  1,  iSU.     Any  dlHutdOD 


Lead-Matte  Convertiiig  at  Tooele 


(Salt  Uke  Mectini.  AucUst,   iei4) 

In  January  and  February  of  the  current  year,  at  the  Tooele  plant  of 
the  International  Smelting  Co.,  Tooele,  Utah,  a  modification  of  the  usual 
method  of  convertii^,  for  the  treatment  of  copper-lead  matte  from  lead 
blaat  furnaces,  we^  developed  and  put  into  successful  operation.  In 
brief,  the  method  consists  in  blowing  molten  matte  direct  from  the  blast 
furnaces  in  basic-lined  converters,  without  the  addition  of  siliceous  flux- 
ing ores,  to  the  almost  complete  elimination  of  the  lead  contained,  and 
to  the  production  of  copper  buUion,  the  resulting  lead  fume  being  recovered 
by  the  filtration  of  the  converter  gases  through  woolen  fume  bags. 

The  process  is  carried  out  in  conjunction  with  the  convertii^  of  rever- 
beratory  copper  matte,  the  heavy  iron  slag,  together  with  the  copper 
precipitated,  being  transferred  to  converters  blowing  copper  matte.  The 
purpose  of  this  transfer  is  to  reduce  the  copper  oxide  formed,  due  to  the 
necessary  overblowir^  of  the  lead-matte  charge,  and  to  utilize,  as  far 
as  possible,  the  value  of  iron  from  the  lead  matte,  for  the  fiuxiog  of 
siliceous  dry  ores.  The  final  slag  from  the  copper  converters  is  then 
skimmed  off  and  transferred  molten  to  a  reverberatomy  smelting  furnace 
treating  copper  ores. 

Thifl  variation  from  general  converting  practice  was  the  outgrowth 
of  results  obtained  during  1913  when  it  was  endeavored  to  convert  copper- 
lead  matte  in  the  usual  manner,  with  the  direct  addition  of  siliceous 
fluxing  ores.  To  make  clear  the  reasons  lyii^  back  of  the  process  it  is 
necessary  to  recount  at  some  length  the  results  of  operations  durii^  that 
year. 

In  the  design  of  the  lead  plant  it  was  planned  to  treat  the  copper-lead 
matte  from  the  furnaces  by  direct  converting  without  reconcentration  and 
thereby  to  recover  the  copper,  silver,  and  gold  as  quickly  as  possible. 
A  converter  plant  of  ample  capacity,  treating  copper  matte,  already  being 
in  operation,  it  was  only  necessary  to  install  a  bag  house,  a  fan,  and 
the  necessary  flues  to  complete  the  equipment. 

The  bag  house  constructed  has  a  bag  cloth  filtering  area  of  136,000 
sq.  ft.,  provided  by  960  fume  bags,  18  in.  in  diameter  by  30  ft.  in  length. 
A  No.  20  Sirocco  fan  of  180,000  cu.  ft.  capacity  delivers  the  gases  from 
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the  converter  plant  to  the  bag  bouse.  The  coDverter  plant  consists  of 
five  stands  of  horizontal,  cylindrical  type  shells  96  hy  150  in.  in  sizr. 
A  common  flue  received  the  gasea  from  all  stands.  The  admis^on  of 
outside  air  was  mainly  relied  upon  for  cooling  the  gases  to  the  desired 
temperature.  ,  Means  were  provided  for  by-passing  gases  to  the  stack 
in  case  of  excessive  temperatures.  Temperature  control  of  gases  was 
made  possible  by  the  installation  of  recording  thermometers. 

Converting  operations  were  begun  in  February,  1913,  with  the  baf; 
houae  equipped  with  woolen  fume  bags  of  cross-woven  fabric,  24  threads 
to  the  inch,  warp  and  filling.  As  r^ards  the  converting  operation  itself, 
test  runs  had  shown  that  no  difficulties  attended  the  handling  of  this  tj'pe 
of  matte  and  operations  were  conducted  in  a  manner  parallel  to  the 
treatment  of  copper  matte. 

For  a  period  of  two  months  no  difficulties  were  encountered.  The 
production  of  by-products,  however,  appeared  as  a  disadvantageous 
feature.  The  passage  of  45  per  cent,  of  the  lead  contained  in  the  matte, 
to  the  slag,  necessitated  its  re-treatment  in  the  blast  furnaces. 

Bag-house  difficulties  began  after  several  months  of  operation. 
Leakage  developed  first  through  perforations  at  the  tops  of  the  bags. 
While  leakage  of  water  through  a  prepared  roofing  materia,  that  had 
become  affected  by  the  converter  gases,  was  partly  responsible  for  thi$ 
condition,  it  soon  became  apparent  that  the  destruction  of  the  fabric  wa.« 
due  to  condensation  of  acid  inside  the  bags.  This  condensation  mani- 
fested itself  in  the  form  of  spots,  first  at  the  top  and  later  at  the  bottom 
of  the  bags,  about  5  to  6  ft.  at  each  end  being  affected.  At  the  points  where 
itappeared  the  fabric  became  weakened  by  acid  corrosionand  would  even- 
tually be  blown  out  by  fan  pressure,  leaving  enlarged  perforations.  The 
nap  of  the  cloth  was  also  rapidly  corroded  away,  giving  a  screen-like 
appearance  to  the  bags,  and  finally  a  general  weakening  of  the  whole 
fabric  resulted  in  theu'  being  torn  from  the  thimble  floor.  Frequent 
renewals  of  bf^s  became  necessary  to  prevent  leakages,  and  inability  to 
correct  the  underlying  causes  made  it  necessary  to  discontinue  operations 
pending  a  thorough  investigation  of  the  problem. 

A  solution  of  all  the  difliculties  requbed  either  the  destruction  of 
acid  by  the  addition  of  a  neutralizing  agent,  such  as  ZnO  or  CaO,  or  the 
production  of  a  fume  in  itself  sufficiently  alkaline  to  preclude  the  forma- 
tion of  acid,  and  the  production  of  a  converter  slag  sufficiently  low  in 
lead  to  permit  of  its  disposal  by  pouring  back  into  reverberatories. 

As  a  result  of  considerable  experimental  work,  the  process  as  outlined 
at  the  beginning  of  this  paper  was  worked  out.  Teats  carried  out  in- 
termittently during  the  day  shift  in  a  coverter  set  aside  for  the  purpose 
showed  a  rapid  formation  of  a  uniform  magnetite  coating  on  the  walls 
of  the  converter.  It  was  expected  that  difficulty  would  be  encountered 
due  to  the  gradual  closing  in  and  reduction  in  capacity  of  the  converter. 
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out  toward  the  bottom.  The  fume  produced  was  more  actively  alkaline, 
the  percentage  of  zinc  eliminated  from  the  converter  as  ZnO  approximat- 
ing 50  per  cent.,  as  against  less  than  10  per  cent,  under  the  previous 
conditions.  It  was  not  deemed  necessary,  therefore,  to  consider  the  ad- 
dition of  a  neutralizing  c^ent  to  the  gases. 

Preparatory  to  putting  the  process  into  continuous  operation,  changes 
were  made  in  the  flue  system  in  order  that  gases  from  lead  converters 
only  would  be  filtered  through  the  bag  house.  Three  converter  stands 
were  consequently  connected  with  a  separate  flue  for  lead-matte  work, 
the  remaining  two  stands  being  connected  directly  to  the  stack  for  copper- 
matte  blowing.  Fig,  1  shows  the  present  arrai^ement.  The  necessity 
for  better  temperature  control  was  realized  and  flues  were  equipped  with 
dampers  to  control  the  admission  of  outside  cooling  air.  An  automatic 
alarm  system  was  installed,  to  record  by  gongs  and  colored  lamps  the 
passing  of  the  allowable  maximum  and  minimum  temperatures.  The 
operating  range  of  temperature  of  the  gases  enterii^  the  bag  house  is 
maintained  at  from  210°  F.  to  230°  F.  The  bag  house  was  equipped  with 
bags  from  the  La  Porte  Woolen  Mills,  Pendleton  Woolen  Mills,  and 
Knight  Woolen  Mills.  The  former  are  cross-woven  and  have  24  threads 
to  the  inch,  warp  and  filling;  the  latter  is  a  twilled  weave  bag. 

Converting  operations  were  begun  in  February,  1914.  The  formation 
of  a  monolithic  magnetite  linii^,  as  stated,  did  not  develop.  Rather 
rapid  building  up  of  the  converter  mouth  at  first  gave  cooi^derable 
trouble;  however,  enlai^ement  of  the  mouth  relieved  this  condition 
materially.  Corrosion  at  the  tuyfere  line  proved  to  be  somewhat  more 
severe  than  results  from  the  blowing  of  copper  matte,  and  more  frequent 
patching  b  necefsary. 

The  time  required  for  the  blowing  of  a  charge  of  10  tons  is  about 
2  hr.,  the  time  depending  on  the  care  given  to  the  tuyeres.  Frequent 
punching  is  necessary.  A  tendency  on  the  part  of  the  tuyeres  to  blind 
when  silica  is  absent  is  very  marked.  Fume  is  evolved  in  dense  clouds 
as  soon  as  blowing  begins.  The  volume  of  fume  gradually  diminishes 
after  the  blow  is  half  over,  and  finally,  if  the  blowing  is  continued  long 
enough,  fades  out.  The  end  of  the  blow  is  thus  indicated  by  the  char- 
acter of  the  fume  and  flame  discharged  from  the  converter,  the  flame 
becoming  more  and  more  visible  as  the  fume  diminishes.  The  charge  in 
the  converter  at  this  stage  contains  about  1  to  1.5  per  cent,  lead  and  has 
been  reduced  in  weight  to  approximately  65  to  70  per  cent,  of  the  matte 
charged.  The  fume  produced  under  the  new  conditions  does  not  seem 
to  affect  the  bags  materially,  conditions  at  the  bag  house  being  greatly 
improved.     After  three  months  of  operation  only  four  bags  had  failed. 
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Fig  2.— Tkmperatdrb  and  Elimination  Curves 
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These  failures  were  due  to  apparently  defective  material,  in  that  one  failed 
through  splitting  at  the  seam  and  the  reminder  were  torn,  shaking  of  the 
bags  appearing  to  have  gradually  opened  up  and  extended  flaws  in  the 
fabric.    No  acid  spotting  of  the  bags  is  noticeable. 

To  show  the  rate  of  elimination  of  lead,  zinc,  and  sulphur  from  matte 
and  the  temperatures  generated  when  the  blow  is  continuous  and  tiie 
tuyeres  are  kept  fairly  free,  elimination  and  temperature  curves  applying 
to  a  single  test  are  given  in  Fig.  2.  These  curves  are  denved  from  data 
obtained  during  a  test  when  copper  matte  was  added  at  the  end  of  the 
blow  to  reduce  copper  oxide.  Iron  is  taken  to  be  constant  in  the  con- 
verter. These  curves  show  about  75  per  cent,  of  the  lead  and  65  per  cent, 
of  the  sulphur  are  eliminated  in  70  min.  of  a  140-min.  blow.  Zinc  is 
eliminated  at  a  fairly  uniform  rate  throughout  the  blow. 

The  following  are  comparative  hgures  of  matte  blown  and  products 
formed  under  the  former  practice  as  compared  with  the  present  practice; 

1913 — Converting  Lead  Matte  with  the  Addition  of  Siliceous  Fluxing  Ore! 

Fb,  Cu,      Ag,     SiOi,     Fe,     CaO,  S,       Zd, 

Per  Per      0».      Per      Per      Per  Per      Pw 

Cent.  Cent,    Ton.  Cent.  Cent.  Cent.  Cent,  Cent. 

Matte  16.5  7.66  32.8 37.4 22.5      5.0 

Saiceousore 3.4  0,3    21.3    62.2      6.0      5.1    -0.7  

Converter  Blag 6.8  5.8      9.2    22.0    38.7 3.2  

Bag-house  fume    63.3  1.2      S.6      1.1    67.5      2.5 

1914 — Converting  Lead  Matte  without  the  Addition  of  Siliceout  Fltisinj 

Ores  to  Lead-Matte  Charge 
Lead  Elimination  Blow: 

Pb,      Cu,      Ag,     SiO.,     Fe,     CaO,  S,       Zn, 

Per      Per      Oi.       Per      Per      Per  Per      Per 

Cent.  Cent.    Ton.    Cent.  Cent.  Cent.  Cent.  Cent. 

Leadmatte    16,0    fl.06    20.3  37.9  23.0      5.4 

l^aiufer  slag  to  copper  con- 
verter        1.4  1.7    5B.1   1.8      4-0 

bag-house  fumes 64.2    0.37      5.7      0.2      0.4 6.00  10.4 

Copper  Converter  Blow: 

Coppermatte 22.2    21.8     41.7      28.6     ... 

SiliceouB  ore 3.4      0.3     17.1     76.1      7.4       3.0    0.8     ... 

Converter  slag 2.3       1.70     1.6    23.4    48.8       1.5     1.2      2.9 

As  indicated  by  these  analyses,  the  converter  sl^  from  present  practice 
can  be  disposed  of  through  either  reverberatories  or  blast  furnaces,  d^>end- 
ing  on  economic  conditions.  The  high  active  alkalinity  of  the  fume,  as  in- 
dicated by  the  percentage  of  ZnO  present,  should  afford  ample  protection 
against  acid  corrosion  for  the  fume  filter  bags,  the  condition  of  the  bag 
house  after  nearly  four  months  of  operation  seeming  to  vindicate  this  view. 

In  conclusion,  I  desire  to  express  my  appreciation  of  as^stanc^ 
rendered  by  A.  Austin,  J.  C.  Welch,  and  A.  C.  Watidel  in  the  prepara^n 
of  this  paper. 
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The  Descriptive  Technology  of  Gold  and  Silver  Metallui^ 

BT  A.  V.   AILBN,  CAUBBIDaE,  K1«0LAND 
(Salt  Lake  Itleetiiw,  Augiut.  ISID 

The  technological  study  of  the  treatment  of  gold  and  silver  ores  has 
been  largely  responsible  for  the  phenomenal  strides  which  have  marked 
the  progress  in  this  branch  of  metallurgy  during  recent  years.  In  no 
other  application  of  science  to  industry  is  system  more  imperative  at 
every  stf^e;  correct  formulation  of  result  is  only  second  in  importance 
to  efficiency  of  operation. 

Progress  in  method  has  been  largely  the  result  of  individual  initiative, 
aided  by  the  work  of  technical  journals  and  metallurgical  societies. 

There  still  remains  a  field  for  profitable  discussion,  and  it  is  my 
intention  to  deal  with  some  inconsistencies  of  expression  common  to  a 
number  of  writers  on  the  subject;  and  also  to  draw  attention  to  the  false 
impressions  created  by  a  statement  which  may,  possibly,  be  only  un- 
intentionally misleading.  I  also  take  the  opportunity  of  tracing  the 
source  of  both  metallurgical  and  economic  result;  and  to  question  the 
desirability  of  the  methods  usually  employed  in  arriving  at  a  final 
statement. 

In  the  first  place,  I  wish  to  deal  with  the  question  of  extraction.  This 
term  may  mean  anything  or  nothing,  and  it  is  often  used  to  mislead. 
Id  a  report  of  a  mining  engineer  as  to  the  result  of  operations  subsequent 
to  the  remodeling  of  a  treatment  plant  prominence  was  given  to  the 
statement  that  the  extraction  had  amounted  to  91  per  cent.  On  exami- 
nation it  was  found  that  only  a  small  percentage  of  the  so-called  extrac- 
tion was  calculated  on  actual  bullion  return,  a  proportion  being  figured 
from  the  gold  left  in  the  zinc  boxes,  and  not  recovered.  In  addition  to 
this,  a  proportion  of  the  ^traction  was  said  to  be  due  to  gold  in  con- 
centrate. As  there  was  no  concentrating  apparatus  on  the  property 
and  as  concentration  did  not  form  a  part  of  the  scheme  of  treatment 
the  matter  was  invest^ated,  with  the  result  that  the  concentrate,  of  lower 
gold  content  that  the  original  ore,  was  found  to  be  the  result  of  an  in- 
efficient pumping  system  which  failed  to  provide  for  the  whole  of  the 
battery  product  delivered  to  it.  The  balance  was  stacked  and,  although 
itself  of  no  marketable  value,  the  gold  content  was  allowed  to  form  a 
basis  of  extraction  figures. 
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An  ore  may  be  treated  experimentally  with  cyanide  solution  and  90 
per  cent,  of  the  gold  or  silver  dissolved.  This  may  be  quoted  as  an  ex- 
traction of  90  per  cent.,  but  it  is  preferable  not  to  do  so,  since  it  is,  at  best, 
only  an  experimental  extraction;  and  by  no  parallel  method  of  operation 
in  practice  could  such  an  "  extraction  "  be  actually  realized  as  a  recovery. 
The  percentage  obviously  refers  to  solution,  and  the  result  of  the  test 
might  as  well  be  stated  as  such.  In  practice,  an  assay  or  theoretical  ex- 
traction may  be  a  valuable  indication  as  to  the  progress  of  operations,  but 
it  is  of  no  value  for  the  purpose  of  economic  comparison  unless  it  happens 
to  check  exactly  with  actual  recovery.  Again,  an  ore  may  be  treated 
by  a  system  of  concentration  and  70  per  cent,  of  the  gold  or  silver  "ex- 
tracted." Such  an  extraction  is  still  further  removed  from  actual  re- 
covery of  metal  or  its  equivalent  money  value.  When  the  actual  weight 
of  the  concentrate  and  the  assay  of  the  same  are  available  for  computa- 
tion then  the  result  may  be  termed  an  extraction;  but  when  the  amount 
of  metal  associated  with  the  mineral  is  determined  by  a  difference  in  assay 
content  of  the  ore  before  and  after  concentration  then  the  result  is 
obviously  only  an  assay  extraction. 

In  the  case  where  the  final  product  from  the  reduction  works  is  solely 
in  the  form  of  bullion  the  statement  of  result  is,  comparatively,  an  easy 
matter.  The  assay  attraction  shows  the  amount  of  metal  which  has  been 
removed  during  treatment,  as  indicated  by  the  difference  in  assay  results. 
The  actual  recovery  must  necessarily  be  based  on  the  actual  amount  of 
metal  recovered  in  the  form  of  bullion.  In  other  instances  where  a  [m>- 
portion  of  income  is  derived  from  the  direct  sale  of  bullion,  and  a  propor- 
tion from  the  sale  of  a  concentrated  product,  then  the  assay  or  theoretical 
extraction  is  obtained,  as  before,  by  estimation  from  the  difference  in 
assay  result  before  and  after  concentration  and  cyanidation.  As  a  check 
upon  thb  result  the  combined  valuation  of  the  bullion  produced,  to- 
gether with  the  gold  and  silver  indicated  in  concentrate  returns,  may  be 
calculated  as  an  actual  retraction.  Under  such  conditions  actual  re- 
covery figures  are  out  of  the  question;  and  any  statement  which  adds 
bullion  valuation  to  smelter  returns  of  concentrate  treatment  should 
contain  a  definite  designation  of  the  total  as  an  extraction  and  not  a  re- 
covery. Extraction  and  recovery  are  terms  which  are  not  necessarily 
interchangeable  and  the  time  is  ripe  for  due  recognition  of  the  fact. 

The  final  result  of  metallurgical  operation  should  be  stated  in  a  form 
bearing  a  definite  significance  and  capable  of  general  application  for 
comparative  purposes.  By  common  consent  it  is  invariably  reported  as 
a  percentage  of  the  original  metal  content  in  the  ore.  At  this  stage  of 
the  discussion  it  will  be  necessary  to  introduce  other  considerations 
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which  will  be  dealt  with  in  detail.  In  the  statement  of  assay  or  theoret- 
ical extraction  two  figures  alone  are  necessary:  namely,  the  result  of  the 
assay  of  the  feed  and  of  the  residue.  The  latter  figure  is  generally  easily 
obtained  and,  for  reasons  which  will  be  dealt  with  later,  can  usually 
be  relied  upon.  With  regard  to  original  metal  content  in  the  ore  it  may 
be  noted  that,  with  most  installations,  a  reliable  B&mple  can  be  obtained 
by  automatic  methods  after  milling.  Where  the  ore  is  being  milled  in  a 
cyanide  solution  containing  gold  or  silver  the  situation  is  complicated. 
It  is  imperative  that  the  personal  element  should  be  eliminated  in  the 
sampling  of  any  unground  feed  and,  to  this  end,  automatic  samplit^  and 
splitting  of  a  considerable  proportion  of  the  tonnage  handled  are  impera- 
tive. With  a  reliable  kaowlec^e  of  the  metal  content  of  both  feed  and 
residue  the  control  of  operations  is  considerably  simplified;  and  the  figures 
obtained  can  be  subsequently  checked  against  the  actual  extraction  or 
actual  recovery  figures  obtained  by  direct  valuation  of  bullion,  concen- 
trate, or  other  final  product;  or  from  smelter  returns  giving  actual  metal 
content  in  such  product. 

Theoretical  extraction  may  be  calculated  daily,  but  in  order  to  average 
the  figures  obtained  a  knowledge  of  the  tonnage  beii^  handled  is  neces- 
sary.   With  these  data  a  forecast  can  be  made  as  to  probable  yield. 

In  dealing  with  actual  extraction  or  actual  recovery  it  has  ah-eady 
been  pointed  out  that  the  total  amount  of  metal  ultimately  produced  can 
be  found  by  direct  valuation.  Two  other  figures  are  needed  before 
the  percentage  of  actual  retraction  or  actual  recovery  can  be  estimated. 
One  of  these  refers  to  tonnf^e,  of  which  a  daily  estimation  is  imperative. 
The  difficulty  of  calculating  the  actual  weight  of  dry  ore  going  to  the  mill 
has  already  been  discussed  elsewhere'  and  it  is  generally  conceded  that 
tonnage  calculations  are  best  made  after  the  ore  has  been  ground  and 
by  means  of  direct  calculation  or  specific  gravity  methods.  A  disad- 
vant^e  in  the  latter  method  of  tonnage  estimation  has  been  suggested 
by  T.  T.  Read,*  who  refers  to  the  possible  formation  of  colloid  hydrates 
during  fine  grinding.  I  should  like  to  see  further  discussion  on  this  point 
and  in  the  meantime  I  would  tentatively  suggest  that  the  colloidal  state 
may  not  be  induced  by  simple  comminution.  Kecent  research  would 
seem  to  allow  us  to  assume  that  all  substances  occur  in  the  colloidal,  if 
not  in  the  crystalloidal  state;  and  from  Cornu  we  learn  that  "the  gels  of 
the  mineral  kingdom  are  the  typical  products  of  every  normal  weathering 
process."  I  do  not  think  that  any  amount  of  fine  grinding  could  trans- 
form kaolin  into  colloidal  clay. 

In  connection  with  the  specific  gravity  method  of  arriving  at  tonnage 
figures  it  may  be  added  that,  in  the  case  where  slime  treatmentis  con- 
tinuous, there  are  obvious  advantages  to  be  gained  by  the  inclusion  in 

■A.  W.  AUen:  The  Eatimation  of  Toimage,  Mining  and  SdenUfie  Prest,  vol. 
civ,  No.  6,  p.  308     (Feb.  24,  1912). 

*  The  EetimatJon  of  Tonnage,  Utininff  and  Sdentijus  Press,  vol.  civ.  No.  12,  p.  443 
(Mar.  23, 1912).  O^^lc 
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In  addition  to  the  tonnage  figure,  an  additional  estimate,  dealing 
with  gold  and  silver  content  either  before  or  after  treatment,  will  be 
needed  before  actual  recovery  percent^e  can  be  calculated.  Such  a 
figure  must  be  reasonably  accurate  and  for  a  number  of  reasons  the  assay 
of  residue  should  be  used  for  this  purpose.  This  particular  sample  can 
be  relied  upon  as  being  more  representative  than  the  feed  sample  for  the 
following  reasons: 

1.  The  ore  is  finely  ground  and  thoroughly  mixed  during  treatment 
before  being  sampled. 

2.  Coarse  metal  of  value  has  been  removed,  thus  reducing  the  possi- 
bility of  error  in  assaying. 

3.  The  final  treatment  process  allows  of  a  correct  average  sample 
being  taken  from  a  large  bulk  of  material  by  simple  means. 

4.  Where  classification  is  efficient  there  is  no  chance  of  the  personal 
element  entering  into  the  question;  neither  is  it  possible  to  vary  the  metal 
content  at  will  except  in  the  rare  instance  where  residues  are  discharged 
with  different  percentages  of  moisture,  the  latter  being  in  the  form  of 
valuable  solution. 

An  additional  reason  why  reliance  may  be  placed  on  the  residue  sample 
lies  in  the  fact  that  the  figures  obtained  from  the  assay  of  such  material 
may,  in  the  great  majority  of  instances,  be  r^uiarly  and  periodically 
checked  by  fresh  sampling  and  assaying.     This  is  an  important  point. 

A  further  advantage  is  seen  in  instances  where,  if  the  assay  of  feed 
had  been  used,  an  actual  extraction  at  times  of  over  100  per  cent,  would 
be  recorded.  There  is  always  a  possibility  of  the  actual  extraction 
reaching  or  exceeding  the  theoretical  or  assay  extraction,  but  there  is  no 
possibility  of  the  actual  extraction  reaching  or  exceeding  100  per  cent. 
A  logical  method  of  arriving  at  final  result  should  preclude  the  possibility 
of  absurdity  of  statement. 

The  moat  important  phase  of  descriptive  technology  dealing  urith 
metallurgical  operations  undoubtedly  refers  to  final  result;  and  in  this 
connection  the  value  of  clarity  of  statement  is  obvious.  I  recently 
attempted  to  systematize  the  information,  published  in  book  form,  and 
dealing  with  metallurgical  operations  on  a  number  of  important  proper- 
ties. I  found  that  no  comparison  of  result  was  possible.  In  one  instance 
only  was  a  serious  attempt  made  to  give  information  to  the  reader.  In 
this  case  the  percent^e  of  gold  recovered  as  bullion  was  calculated  from 
the  average  assay  content  of  the  original  ore  multiplied  by  the  tonnage 
treated.  In  three  instances  the  "extraction"  referred  to  certain  assay 
results,  and  was  obviously  only  aa  assay  extraction.     In  two  instances 
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there  was  no  indication  aa  to  how  the  published  extraction  figures  had 
been  obtained.  In  two  instances  the  results  were  either  contradictory 
or  were  baaed  on  figures  bearing  no  connection  whatever  with  the  actual 
metallurgical  extraction.  In  the  final  instance  the  phrase  "metallurgical 
recovery  "  had  been  used  to  include  the  metal  in  the  rich  ore  sorted  at  the 
breaker  plant,  the  metal  shipped  in  the  concentrate,  and  the  metal  really 
recovered  as  bullion.  In  this  instance  the  word  "  recovery  "  seems  to  have 
been  more  sadly  misused  than  the  previous  term  "extraction."  The 
percentage  figures  tell  us  nothing  as  to  the  metallurgical  efiiciency  of  the 
plant  or  the  suitability  of  the  scheme  of  treatment.  As  the  amount  of 
ore  shipped  to  the  smelter  rises  bo  the  "recovery"  increases.  By  ship- 
ping all  the  ore  to  the  smelter  the  "recovery"  would  reach  100 
per  cent. 

A  definite  standardization  of  such  results  is  badly  needed,  and  accounts 
of  metallurgical  operations  would  have  an  added  interest  and  value  if 
accompanied  by  a  clear  and  concise  risumi  of  the  actual  metallurgical 
result  of  such  operations.  Actual  recovery  m^ht  well  be  stated  in  all 
instances  where  the  final  product  is  in  the  form  of  bullion.  Actual 
extraction  might  be  stated  in  all  cases  where  the  final  product  is  in  a  less 
concentrated  form,  and  where  the  yield  consists  of  bullion  as  well  as  con- 
centrate, etc.  If  extraction  and  recovery  figures  are  unobtainable  then 
a  plain  statement  of  the  fact  is  alone  necessary.  Assay  extraction  by 
another  name  is  of  little  or  no  value  except  when  it  coincides  with  actual 
recovery.  In  the  latter  event  it  might  just  as  well  be  stated  as  an  actual 
recovery.  Assay  extraction  can  always  be  checked  and  it  is  the.  actual 
extraction  or  actual  recovery  which  alone  is  of  economic  significance  and 
metallurgical  importance. 

The  point  b  often  overlooked  that  facta  aa  well  as  opinions  are  looked 
for  by  the  majority  of  readers.  On  the  subject  of  filtration  of  slime  pulp 
fully  90  per  cent,  of  descriptive  accounts  of  filters  and  filtration  omit  the 
fundamental  point  as  to  whether  or  no  the  filter  can  or  does  work  effi- 
ciently— they  avoid  a  plain  statement  as  to  what  percentage  of  displace- 
ment of  dissolved  metal  the  filter  is  able  to  effect. 

On  the  question  of  the  statement  of  metallurgical  result  I  venture  on 
some  definitions: 

1.  The  assay  or  theoretical  extraction  is  the  amount  of  metal  which  is 
indicated  by  assay  results  as  having  been  removed  from  the  ore  during 
treatment. 

2.  The  actual  extraction  indicates  the  amount  of  metal  removed  from 
the  ore  and  isolated  either  as  bullion  or  in  other  concentrated  form. 
Such  actual  extraction  is  estimated  by  the  du-ect  valuation  of  the  bullion 
and  the  statement  of  return  from  smelter  or  buyer  showing  actual 
metal  content  in  concentrated  product,  upon  which  the  sale  was 
effected. 
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3.  The  aduoZ  recovery  can  only  be  based  oa  the  direct  valuation  of 
bullion,  and  the  term  is  only  available  for  use  vhen  the  bullion  produced 
is  approximately  the  same  market  value,  per  se,  as  the  contained  gold 
aad  silver. 

In  the  calculation  of  percentage  extraction  or  recovery  the  following 
summary  will  explain  the  method  of  statement: 

Assay  Extraction 

Where  a  "  the  assay  of  feed, 

t  =  the  assay  of  residue,  and 
(  =  the  tonnage  represented, 

then •■  pereentafie  a*»ay  exiraeUon. 

"id       J   1_  i   _i_  ;  _i_    ■      -   ■  =  average  feed  assay  =  A, 

it  +  h  +  tt  +  ■  ■  ■ 

and  -    .    I    .    ,   .   X "  average  residue  aasay  =«  Z. 

then A~    ~   "  "oerape  attay  exiraetum  percentofe. 

In  the  case  where  an  appreciable  tonnage  is  associated  with  the  metal 
extracted  the  averse  assay  content  in  residue  per  ton  milled  must  be 
calculated  and  used  in  the  formula,  otherwise  actual  extraction  will 
exceed  assay  extraction. 

Actual  Extraction 

Where    M  =  the  amount  of  metal  in  bullion,  concentrate,  or  precipitate, 
T  =  the  tonnage  milled, 
1  —  the  tonnage  of  concentrated  fwoduot  removed,  and 

Z  =  the  average  actual  residue  assay, 
then  i>~j.  7  if  '~n  =  oferojw  actual  exlraelion  percentage. 

Actual  Recovery 

Where    M  —  the  amount  of  metal  in  bullion, 
T  =  the  total  tonnage,  and 
Z  =  the  average  residue  assay, 
100  M 
then  -      — -—  —  atieraoe  aetuai  recooery  percentage. 

It  is,  of  course,  assumed  that  the  same  unit  of  weight  would  be  used 
throughout  in  the  calculation  of  metal  content  in  ore,  bullion,  concentrate, 
precipitate,  etc. 

Any  metal  in  a  concentrated  product  removed  from  the  ore  after  or 
during  reduction,  and  the  value  realized  elsewhere  by  direct  sale  or  othw- 
wtse,  may  be  included  in  the  statement  of  actual  extraction.  The  total 
amount  of  metal  so  extracted  would  form  a  basis  of  calculation  for  p«^ 
centage  actual  extraction.    On  the  other  hand,  the  metal  in  rich  ore 
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abstracted  before  treatment  of  the  main  bulk  can  form  no  part  of,  nor 
may  it  be  used  to  influence,  a  synopsis  of  such  treatment.  Its  cost  of 
extraction  cannot  be  included  as  an  expenditure  per  ton  milled  and  its 
content  cannot  be  added  to  any  statement  of  recovery  made  in  the  reduc- 
tion plant  without  falsifying  figures  which  might  be  obtained  dealing 
with  the  result  of  actual  metallurgical  treatment. 

The  next  consideration  refers  to  the  case  of  calculation  of  extraction 
from  ore  being  treated  for  both  gold  and  silver  content,  and  in  the  case 
where  both  metals  occur  in  quantities  of  economic  significance.  A  numer- 
ical average  is  of  no  significance,  neither  is  extraction  based  on  combined 
metal  content  before  and  after  treatment  of  other  than  metallui^ical 
import.  The  extraction  in  current  metal  value  is  sometimes  of  use  for 
comparison,  but  such  a  method  of  statement  is  not  of  value  for  general 
purposes.  The  reason  for  this  lies  in  the  fact  that  the  result  is  infiuenced 
by  market  fluctuations  which  are  beyond  the  control  of  the  metallurgist. 
The  only  exception  to  this  occurs  in  the  rare  instance  when  the  percentage 
extraction  of  both  metals  is  identical.  The  extraction  and  recovery  per> 
centimes  should  be  stated  in  such  a  manner  that  an  alteration  in  the  price 
of  one  of  the  metals  would  not  necessitate  an  explanation  as  to  a  rise  or 
fall  in  the  extraction  or  recovery  figures  caused  solely  by  such 
fluctuation. 

With  regard  to  the  system  to  be  used  in  the  statement  of  gold  and 
silver  content  in  ore  and  bullion,  it  must  be  admitted  that  the  metric 
system  is  preferable  to  any  other.  In  troy  measurement  the  units  bear 
no  definite  relation  to  one  another,  and  there  is  no  regular  factor  of  differ- 
ence. The  use  of  the  troy  grain  is  now  practically  discontinued,  and  the 
juxtaposition  of  the  facts  that  24  grains  equal  1  pennyweight  and  20 
pennyweights  equal  1  ounce  has  often  led  to  serious  errors  in  calculation. 
It  is  perhaps  too  much  to  hope  that  the  centimeter-gram  system  may  be 
extended  to  all  calculation  used  in  ore  treatment  within  the  lifetime  of  the 
present  generation. 

In  most  English-speaking  countries  there  seems  no  objection  to  the 
use  of  the  troy  ounce  in  the  calculation  of  silver  content  in  ores,  and  it  is 
in  general  use  in  connection  with  bullion  in  most  places.  The  logical 
equivalent  for  the  use  of  gold  ores  is  the  pennyweight  (dwt.),  which  is 
perhaps  preferable  to  the  use  of  the  decimal  subdivision  of  the  ounce. 
The  use  of  the  American  dollar  as  a  unit  of  gold  content  is  illogical, 
althoi^h  in  the  technical  literature  of  the  United  States  its  use  is  practi- 
cally compulsory.  It  is  common  to  see  a  statement  that  a  gold  ore  has 
a  value  of  tl.  This  may  mean  that  the  ore  assays  1  dwt.  of  gold,  or  there' 
abouts,  and  this  metal  if  completely  recovered  in  its  original  state  of 
purity  would  have  a  value  of  $1.  The  original  statement  is  really  a 
jumble  of  contradictions,  because  the  ore  may  not  be  worth  10c.  when 
placed  on  the  market.     The  statement  of  metal  content  in  terms  of 
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Experimental  and  Metallurgical  Report  Work 

The  remarks  previously  made  with  regard  to  extraction  are  equally 
applicable  in  connection  with  experimental  work.  Extractions  of  metal 
based  on  diiferences  of  assay  results  should  be  definitely  stated  as  assay 
extractions.  When  they  refer  to  differences  in  gold  and  silver  content 
as  a  result  of  experimental  cyanide  treatment  such  extractions  are  prefer- 
ably referred  to  as  solution  extractions.  They  should,  in  all  cases,  be 
distinctly  differentiated  from  probable  or  poEsible  reeovtry.  These 
latter  figures  are  only  obtainable  in  the  case  where  the  experimental 
plant  is  capable  of  duplicating  actual  practice  in  every  detail,  and  where 
the  ore  being  assayed  is  not  freed  from  the  normal  amount  of  dissolved 
gold  or  silver  generally  found  associated  with  it  after  ordinary  treatment. 
When  preliminary  work  is  carried  out  on  a  small  scale  and  where  there 
is  no  working  size  filtration  or  leaching  plant  available,  the  assays  of  the 
washed  ore  must  be  used  for  the  purpose  of  computation  of  possible 
recovery  figures.  The  following  ratios  are  available  as  a  rough  guide 
for  this  purpose: 

Experimental  Assay 

Extraction,  Scheme  of  Treatment  Probable  Reoovery, 

Per  sent.  Per  eent. 

100  Amalg&mation 100 

100  Leaohing  of  aand  with  precipitated 

Holution 99  to  99.5 

too  Sliming,  fidlowed  by  continuous 

replacement  with  barren  solution 
during  agitation.    Filtration  of 

puip ,95to9S 

100  Sliming,  followed  by  filtration  and 

washing QOtofiS 

These  figures  introduce  the  consideration  that  the  more  complic&ted 
the  treatment  and  the  finer  the  ore  is  ground  the  lower  becomes  the  actu^ 
recovery  of  metal.  This  point  is  invariably  overlooked  in  reports  of 
experimental  work  where  solution  percentage  is  confused  with  possible 
recovery. 

The  Statemerii  of  Working  Costs 

Id  conclusion,  I  would  refer  briefly  to  the  question  of  the  statement  of 
working  costs,  and  in  this  connection  I  would  urge  the  importance  ol  the 
local  segregation  of  working  cost  from  general  expense,  in  order  that  opos- 
tors  in  positions  of  responsibility  should  be  given  every  opportunity  of 
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keeping  those  expeDditures  over  which  they  have  control  under  constant 
scrutiny,  so  that  continued  economies  in  total  working  costs  may  be 
effected  and  clearly  indicated  in  the  returns. 

On  the  question  of  amortization,  or  the  liquidation  of  the  original 
cost  of  the  plant  by  means  of  payments  out  of  profits  of  treatment,  there 
is  little  to  be  said,  because  in  general  mining  work  the  provision  of  such  a 
sinking  fund  has  been  deemed  unfeasible.  There  exists,  however,  no 
logical  reason  why  theoretical  amortization  figures  should  not  be  taken 
into  consideration  in  the  first  place  when  some  definite  scheme  of  treat- 
ment has  to  be  decided  upon.  In  the  latter  event  two  factors  alone  are 
generally  supposed  to  influence  the  decbion:  the  probable  recovery,  and 
the  cost  of  treatment.  If  amortization  costs  were  added  to  the  cost  of 
treatment  in  each  case  and  the  matter  considered  from  a  strictly  business 
standpoint,  it  is  obvious  that  these  charges,  coupled  with  the  necessarily 
higher  operating  costs,  would  afford  a  sound  reason  gainst  the  selection 
of  any  process  which  involved  an  unnecessarily  extensive  equipment, 
involving  the  necessity  for  comminution  of  the  ore  beyond  an  economic 
limit.  Even  if  amortization  charges  are  not  feasible  in  actual  practice, 
there  is  no  reason  why  they  should  not  be  considered  in  preliminary 
estimation  work. 

On  the  question  of  repairs  and  renewals,  I  would  suggest  that  in  a 
statement  of  working  costs  these  two  items  be  distinctly  differentiated. 
I  would  even  go  further  and  suggest  that  items  comii^  under  repairs 
should  be  added  after  the  total  working  costs  have  been  arrived  at.  My 
reason  for  this  lies  in  the  fact  that  actual  operating  costs  are  for  the  pur- 
pose of  locally  checking  extrav^ance  and  unnecessary  expenditure  and 
for  the  encour^ement  of  the  introduction  of  economies.  I  would  point 
out  that  it  seldom  occurs  that  mill  superintendents  who  are  held  respon- 
sible for  working  costs  are  also  responsible  for  either  the  scheme  of  treat- 
msnt  or  the  initial  plant  arrangement.  Repair  costs  are  largely  an  index 
of  the  class  of  plant  erected  in  the  first  instance;  and  if  such  an  item 
were  isolated  and  added  to  the  total  working  costs  it  would  form  a  power- 
ful argument  against  misplaced  economy  in  the  first  instance. 

In  the  statement  of  construction  costs  I  would  urge  the  necessity  for 
the  exclusion  of  all  sums  paid  for  wearii^  parts  from  the  final  statement 
of  cost.  These  should  be  segregated  out,  placed  to  a  suspense  account,  and 
charged  out  as  operating  expense.  The  absurdity  of  charging  everything 
requbed  to  complete  the  plant  to  construction  has  been  exemplified  in 
every  instance,  but  the  practice  is  still  in  general  vogue.  In  one  instance 
which  came  under  my  notice  a  ball-mill  plant  ran  with  an  entire  avoidance 
of  liner  expense,  the  principal  running  expenditure,  for  over  five  months. 
In  another  case  an  extensive  conveyor  plant  ran  for  over  two  years  with 
no  belting  expenditure  chained  out  to  working  costs.  As  soon  as  the 
original  equipment  deteriorates  there  is  a  rise  In  operating  cost,  due  to 
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to  be  blamed  is  the  eystem  of  book-keeping  responsible  for  eucti  anomalies. 


In  placing  before  the  members  of  the  Institute  the  foregoing  remarks 
on  the  descriptive  technology  of  gold  and  silver  ore  treatment  I  realize 
that  the  subject  has  been  dealt  with  from  a  single  viewpoint  only — that 
of  the  practical  metallurgist.  Many  of  my  contentions  are  admittedly 
argumentative  and  I  trust  that  a  critical  discussion  will  tend  to  throw 
more  l^ht  on  the  subject. 


391h  Stawl,  New  York^N.  /,  for  prwentatioB  bs , ._,.— 

llnleH  ineciil  HrrHngemeiit  it  mule,  the  duciuiioa  of  thia  paper  will  close  Ocl.  1, 1914. 
oSersd  tbennfUi  ihould  preferably  be  ia  the  foim  of  a  oew  paper. 


Dip  Chart 


BY  ROWLAND  BANCROFT,  DBNVBB,  COLO. 
(Sail  Lake  Megtini.  August,  1914) 


The  writer  has  observed  that  some  confusion  b  experienced  by  many 
mining  engineers  in  making  vertical  sections  of  ore  deposits  in  mining  prop- 
ertiea  which  they  have  examined.  Having  much  examination  work 
calling  for  the  correct  interpretation  of  vein  structure  and  the  subsequent 


Fio.  1. — Correct  AND  Incoreect  Wat  of  PLATriKQ  j*  Vertical  Section  or  a  Vbin. 

platting  of  the  same  on  sections,  it  has  occurred  to  the  writer  that  the 
accompanying  diagram  may  be  of  use  to  others  who  at  times  may  be 
called  upon  to  prepare  numerous  sections.  For  example,  a  great  mass 
of  data  on  strike  and  dip  of  ore  bodies  is  collected  underground  in  separate 


of  the  deposit  are  frequently  platted  just  as  recorded  underground.  The 
result  is  that  a  deposit,  which  may  be  continuous  from  the  surface  to  the 
lowest  level,  appears  on  the  vertical  section  as  a  series  of  disconnected 
fissures  having  dips  ranging  from  0°  to  90°.  This  is  due  to  the  fact  that 
observations  are  taken  in  various  parts  of  the  mine  and  the  plane  of  the 
vertical  section  is  rarely,  if  ever,  at  right  angles  to  the  strike  of  the  vein 
throi^hout  the  course  of  its  dip  plane. 

Fig.  1  represents  the  correct  and  incorrect  way  of  platting  a  vertical 
section  of  the  same  vein  where  observations  have  been  taken  at  different 
levels  on  a  vein  having  a  uniform  dip.  In  this  ideal  figure  it  is  presumed 
that  each  level  intersects  the  vein  at  the  same  angle.  A  and  A'  represent 
the  platting  of  a  vein  having  a  uniform  dip  of  70°  on  a  section  the  plane  of 
which  is  at  right  angles  to  the  strike  of  the  vein.  B  represents  the  same 
vein  incorrectly  platted  on 'a  section  the  plane  of  which  intersects  the 
strike  of  the  vein  at  an  angle  of  30°.  Observations  of  the  dip  and  strike 
of  the  vein  were  made  on  each  level  and  the  vein  platted  with  its  actual 
dip.  B'  represents  the  same  vein  correctly  platted  on  a  section  the  plane 
of  which  intersects  the  strike  of  the  vein  at  an  angle  of  30°. 

While  the  formula  for  determining  the  apparent  dip  of  a  vein  to  be 
platted  on  a  vertical  section  may  be  known  to  many,  this  method  of  deter- 
mining apparent  dips  involves  a  very  tedious  series  of  computations  if  the 
sections  are  numerous.  The  accompanying  dip  chart,  Fig.  2,  is  submitted 
with  the  hope  that  it  may  save  much  laborious  calculation  in  preparing 
vertical  sections.  This  diagram  is  not  original  with  the  writer.  D.  W. 
Brunton  devised  a  somewhat  similar  method  for  his  own  use  at  Butte, 
about  ten  years  ago,  and  he  now  has  in  the  process  of  manufacture 
"Brunton's  Slope  Chart,"  a  9  by  10-in.  cardboard  diagram  with  a  swinging 
arm  which  can  be  read  to  a  quarter  of  a  d^ree  and  is  complete  for  dips 
ranging  from  0°  to  90°.     This  will  be  entirely  satisfactory  for  office  use. 

In  1912,  D.  F.  Hewett  published'  a  brief  description  of  A  Graphic 
Method  for  Dips  on  Geologic  Sections.  This  was  accompanied  by  a  dia- 
gram, 7  hy  7  in.,  on  thin  paper,  which  showed  graphically  the  determina- 
tions for  platting  dip  angles  differing  by  5°.  Mr.  Hewett's  chart  is 
available  only  to  readers  of  Economic  Oe<^ogy.  Furthermore,  it  is  too 
lai^e  for  field  use,  and  the  dip  angles  have  5°  intervals. 

The  accompanying  dip  chart,  prepared  by  A.  B.  Crosley,  b  of  eucb 
size  that  it  can  conveniently  be  placed  in  the  back  of  the  ordinary  field 
notebook,  and  the  intervals  between  angles  of  dip  of  veins  from  80°  to 
90°  are  only  2°.  Hence,  intersections  with  the  vertical  section  for  veins 
dipping  over  80°  can  be  more  accurately  platted  with  this  diagram  than 

by  Mr.  Hewett's.  ^^ 

>J5«m<wwc  Geology,  vol.  vii.  No.  2,  pp.  190,  191  (Mar.,  1912). 
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Mr.  Branton's  chart  in  the  field,  ita  use  being  confined  primarily  to  the 


In  using  this  diagram  it  is  to  be  remembered  that  the  angles  indicated 
at  the  bottom  (A)  represent  the  difference  in  strike  of  the  vein  it  is 


A  Vein  with  Dip  6°,  iNTBiisECTnNo  a  Line  or  SscnoN  at  an  Acvtr  Angle 
A",  IS  Platted  on  the  Section  with  an  Apparent  Dip  C".  Formula  Tan:  C°— 
Sin  A"  Tan  B*. 

Fio.  2. — Dip  Chart. 

desired  to  plat  and  the  plane  of  the  vertical  section.  The  curved  lines 
represent  dips  of  veins  {J5).  The  points  of  intersection  of  the  vertical 
lines  (above  A)  with  the  curved  lines  (true  dip  lines  B)  at  the  horizontal 
lines  (C)  are  the  apparent  dips  at  which  the  veins  should  be  platted  on  the 
vertical  'section.  For  example,  the  strike  of  a  vein  dipping  86"  intersects 
the  plane  of  a  vertical  section  at  an  angle  of  25°.  It  should  be  platted  on 
the  vertical  section  with  an  apparent  dip  of  80°  30'. 
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The  Treatment  of  Complex  Ores  by  the  Ammonie-Carbon  Ditnide 
Process 


BT  8.  E.  BRBTHESTON,  f 


Most  metallurgists  appreciate  the  great  need  of  a  process  for  the  ex- 
traction and  recovery  of  valuable  metals  from  complex  ore,  where  the 
presence  of  one  metal  increaees  the  cost  of  extracting  the  other  metals 
to  such  an  extent  that  not  any  of  the  metals  can  be  extracted  at  a  profit. 
We  need  only  refer  to  some  of  the  mines  in  Colorado,  Utah,  and  New 
Mexico,  where  oxidation  has  taken  place  and  the  sulphur,  zinc,  copper,  and 
some  of  the  iron  and  other  metals  have  been  leached  out,  large  bodies  of 
oxidized  ore  remaining,  rich  in  lead,  silver,  and  sometimes  gold.  These 
metals  have  been  concentrated  by  the  removal  of  the  other  metals,  leaving 
a  very  desirable  ore  for  treatment  in  the  blast-furnace  for  the  production 
of  lead  bullion,  and  recovery  of  the  silver  and  gold.  If  lead  is  not  present, 
the  gold  and  silver  are  usually  recovered  by  ?ome  method  of  milling,  or 
the  ore  is  shipped  to  a  smelter,  where  it  is  mixed  with  lead  ore  or  copper- 
iron  sulphide  ore  from  some  other  mine.  In  these  same  mines,  when 
developed  to  greater  depth  below  the  leached  or  oxidized  zone,  the  ore  is 
found  to  contain  the  original  mixture  of  sulphur,  zinc,  copper,  etc.,  added 
to,  or  I  should  say  left  with,  the  lead,  silver,  and  gold  values;  but  instead 
of  adding  to  the  value  of  the  ore,  the  presence  of  these  elements,  especi- 
ally zinc,  makes  the  copper,  silver,  and  gold  of  less  value,  and  often  worth- 
less. Such  was  the  experience  of  the  oldest  mines  in  Leadville,  Colo., 
until  methods  of  mechanical  separation  of  the  lead  from  the  zinc  were 
developed  sufficiently  to  allow  of  some  profit  by  the  making  of  a  concen- 
trate rich  in  zinc  to  be  shipped  to  the  zinc  smelter,  and  sometimes  a  lead 
concentrate  which  could  be  shipped  to  the  lead  smelter;  but  even  in  these 
cases  the  waste  of  the  different  metals  is  a  very  serious  matter.  In  the 
very  best  concentrating  plants  some  zinc  will  be  left  in  the  lead  concen- 
trate, to  be  lost  and  to  give  considerable  trouble  in  the  lead-smelting 
furnace.  On  the  other  hand,  some  of  the  lead,  with  a  large  percentage 
erf  the  copper  and  silver,  will  follow  the  zinc  into  the  zinc  concentrate, 
to  be,  perhaps,  recovered  by  smelting  the  cinder  or  clinker  left  in  the  re- 


this  residue  is  often  greater  than  the  combmed  values  of  the  gold,  Hilver, 
and  copper  in  it.  The  loss  of  silver  by  volatilization  is  also  much  greater 
than  the  loss  of  either  gold  or  copper,  so  that  zinc  ore  rich  in  silver  is  not 
suitable  for  this  process.  On  the  other  hand,  a  sulphide  ore  contuning 
the  same  amount  of  zinc  as  the  above  complex  ore,  with  none  of  the  other 
metals,  can  be  easily  concentrated.  Often  it  ia  a  simple  matter  to  make 
a  concentrate  containing  from  40  to  60  per  cent,  zinc  (as  is  now  being  done 
in  the  middle  Western  States)  which  can  be  sold  to  the  zinc  smelters,  who 
will  pay  a  much  higher  price  per  unit  for  the  zinc  contents  at  60  per  cent. 
than  at  40  per  cent.  Any  one  familiar  with  metallurgy  will  appreciate 
that  one  reason  for  this  is,  that  the  higher  the  percentage  of  a  metal  in  an 
ore,  the  higher  will  be  the  percentage  of  recovery  obtained. 

A  sulphide  copper  ore  containing,  say,  3  per  cent,  and  upward  of 
copper  and  little  or  no  zinc  is  very  cheaply  reduced  to  a  copper  matte, 
if  in  sufficient  quantity  and  within  a  reasonable  distance  of  some  railroad. 
The  presence  of  silver  and  gold  is  of  great  benefit  in  assistii^  the  c(^per 
to  make  profits,  for  the  reason  that  the  freight  on  precious  metals,  wh«i 
shipped  with  either  copper  or  lead  products,  is  almost  n^igible.  But 
supposing  such  ore  to  contain  14  to  40  per  cent,  zinc  with  barium  and 
other  impurities,  and  the  structure  of  the  ore  not  suitable  for  any  mechan- 
ical means  of  concentration;  in  such  cases  the  zinc  content  decreases, 
and  sometimes  destroys,  the  value  of  the  copper,  while  the  ore  is  not  rich 
enough  in  zinc  for  the  recovery  of  zinc  by  any  ordinary  methods.  Such 
ore  as  this,  containing  copper,  lead,  silver,  gold,  and  sine,  occurs  in  a 
number  of  large  mines  in  California,  Colorado,  Utah,  Nevada,  Arizona, 
and  New  Mexico,  some  of  which  mines  are  being  worked  successfully 
by  concentrating  the  ore  into  zinc  concentrates  and  lead  concentrates, 
with  sometimes  a  copper  concentrate;  but  the  per  cent,  of  loss  of  the 
different  metals  is  excessive.  There  are  a  great  many  mines  the  ore  of 
which  cannot  be  concentrated  by  any  known  method.  I  have  had  such 
ore  as  this  in  mind  for  several  years,  and  after  investigations  I  decided  to 
have  the  ammonia-carbon  dioxide  process  tested  and  developed.  This 
process  is  the  only  one  I  know  of  for  the  treatment  of  the  complex  linc 
sulphide  ores  of  the  Rocky  Mountains  by  which  the  gold,  silver,  copper, 
and  lead  can  be  recovered  and  saved,  after  first  extracting  and  saving  the 
zinc,  thus  turning  the  zine  into  an  asset  instead  of  a  liability,  and  enabling 
a  great  number  of  mines  now  idle  to  become  profitable. 

There  is  another  view  to  be  taken  of  this  situation :  The  United  States 
government  should  and  perhaps  will  insist  on  all  railroad  companies  and 
targe  mining  companies  treating  their  timber  to  prevent  decay,  except, 
perhaps,  that  used  for  temporary  structures;  first,  to  lessen  the  number 
of  accidents,  and  second,  to  stop  the  unnecessary  waste  and  destruction 
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of  timber  in  the  country.  This  would  not  be  any  hardship  on  either  the 
railroad  companies  or  the  mining  companies,  for,  looking  at  the  subject 
from  an  economic  standpoint,  it  would  be  a  great  benefit  to  them  to  have 
their  timbers  last  from  12  to  20  years,  instead  of  only  2  to  5  years,  as  is 
often  the  case  at  present.  The  h^h  price  of  creosote  almost  prohibits  its 
use,  except  perhaps  as  an  outside  coating  for  timber  already  treated  with 
a  cheaper  wood  preservative,  such  as  zinc  chloride.  (The  question  is, 
could  not  some  cheaper  oily  substance  be  used  for  a  surface  coating  to 
timbers  in  wet  ground  to  prevent  the  leaching  out  of  the  zinc  chloride?) 
I  have  mentioned  the  use  of  zinc  chloride  for  wood  preservative  purposes 
to  show  that  there  is  a  demand  for  zinc  in  this  direction,  which  will  help 
to  solve  the  problem  of  marketing  the  zinc  when  recovered  from  the 
immense  quantities  of  complex  zinc  ore  in  the  Kocky  mountains.  At  the 
same  time  that  the  zinc  is  being  recovered  from  such  ore,  considerable 
quantities  of  lead,  copper,  silver  and  gold  will  be  added  to  the  world's 
supply.  In  addition  to  the  demand  for  zinc  to  be  converted  into  zinc 
chloride  for  wood  preservative  purposes,  the  use  of  the  metal  for  roofing, 
for  zinc  foil  for  wrapping  tea  and  other  packages,  and  for  the  manufacture 
of  brass  is  constantly  growing;  as  is  also  the  use  of  zinc  oxido  for  the  manu- 
facture of  pigments  for  painters,  and  in  the  manufacture  of  rubber  goods. 
W.  R.  Ingalls,  in  his  Metallurgy  of  Zinc  and  Cadmium  (p.  668,  writes:) 

"  The  mwits  of  lioc  white  aa  a  pigmeat  were  summamed  by  Maximilian  Toch  in  a 
paper  recently  read  before  the  New  York  Section  of  the  Society  of  Chemical  Industry. 
He  stated  that  the  consumption  of  white  bad  is  decreaaing  and  that  it  ahould  not  be 
used  alone.  The  specifications  of  the  United  States  Lighthouse  Department  de- 
mand a  mixture  of  75  per  cent,  of  sine  oiide  and  26  per  cent,  of  white  lead.  Zinc 
white  mixes  well  with  other  pigments,  paitioularly  with  white  lead.  Zinc  oxide  made 
directly  from  ore  is  more  durable  than  that  made  by  burning  spelter." 

The  process'  I  have  in  mind  for  the  treatment  of  the  complex  zinc  ores 
is  briefly  as  follows:  Grind  the  ore,  roast,  regrind,  leach  out  zinc  with 
ammonia  and  carbon  dioxide,  precipitate  from  the  solution  any  copper 
which  has  been  dissolved  with  the  zinc,  and  put  back  in  the  residue. 
Smelt  the  residue  for  the  recovery  of  copper  or  lead,  with  the  gold  and 
silver.  The  ammonia  and  excess  carbon  dioxide  are  distilled  from  the 
solution  containing  the  zinc  and  recovered  for  further  use.  As  the  am- 
monia is  being  distilled,  the  zinc  is  precipitated  as  a  pure  white  basic 
zinc  carbonate,  filtered  out,  and  then  calcined  to  zinc  oxide,  or  the  basic 
zinc  carbonate  can  be  reduced  direct  to  either  zinc  chloride  or  spelter. 
Due  to  lack  of  funds,  we  have  not  yet  installed  a  large  commercial  plant 
at  the  Afterthought  mines,  in  California,  so  that  at  present  we  only  have 
a  150-lb.  capacity  plant. 

Since  writing  my  last  article  for  the  Institute,  our  metallurgical  chem- 
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ist,  F.  L.  Wilson,  has  made  a  number  of  continuous  runs,  each  of  several 
days'  duration.  The  following  is  a  copy  of  his  last  report  of  a  14  da>-s' 
continuous  run:  (It  should  be  noted  that  this  report  is  based  on  a  test 
of  our  lower-grade  zinc  ore  containing  abost  20  per  cent.  zinc.  The 
extraction  from  our  ore  containing  30  to  36  per  cent,  zinc  ia  from  85  to 
95  per  cent.). 

iDgot,  Cal., 

March  6,  1914. 
S.  E.  Bretherton, 
Milts  Building, 

San  Francisco,  Cal. 
Dear  Sir: 

I  herewith  report  reeultB  on  test  No.  65  secured  from  12  complete  cydes  and 
during  a  period  of  14  days.    Two  days  were  required  for  unavoidable  repairs. 


PrepanxHon  of  Ore 

The  raw  sulphide  ore  was  crushed  to  30  mesh  (maximum).  Its  sulphur  (soluble) 
content  varied  from  18.7  to  20.5  per  cent,  and  averaged  19.7  per  cent. 

A  Bulphatizing  roast  was  given  thaore.  The  weight  of  the  roasted  ore  showed  a 
slight  increase  over  the  raw  ore  in  several  cases,  the  averse  weight  remaining  nearly 
the  same. 

The  loaated  ore  was  wet  slimed  for  10  hr.  in  each  ca« 
product  was  made.  The  coarse  product  remaining  o 
each  ease. 


Pressure  tlux>ughout  agitation,  filtering,  leaching,  etc.,  was  301b. 
Time  throughout  the  cycles  was  leas  than  8  hr. average.    This  timew 
of  time  taken  to  operate  valves,  etc. 


Time  of  Cycle 

™'«™*      wit 
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30-lb.  charge;  whereas,  with  a  25  per  cent.  linc  ore  a  4&-lb.  charge,  and  30  per  cent, 
line  ore  a  SO-lb.  charge.  This  u  due  to  the  relative  shrinkage  in  volume  of  the  residue 
when  the  linc  is  extracted. 

Zinc  extraction  varies  from  79.7  per  cent,  on  an  18.6  per  cent,  roasted  lino  ore  to 
S4.9  per  cent,  on  a  20.72  per  cent,  roosted  sine  ore. 

Copper  extraction  was  not  recorded,  as  the  oement  copper  was  filtered  with  the 
residue. 

Silver  extraction  is  negligible,  which  remaina  in  the  residue.  The  slight  extraction 
is  no  doubt  due  to  disorepancies  in  the  weights  of  the  net  ore  and  residue. 


Analysis  and  Extraction 


Oi.      Per       Per  Per       Ob.  Per      Per 

Cent.  Cent.  Cent.  Cent.  Cent. 

A 7.56    2.76  19.00  6.92  12.34  8.20    0.35 

B 8.28    2.96  19.40  6.33  13.20  7.60    0.41 


C 8.16    2.84  20.30 

D 8.16    2,84  20,30  6.26 

E 8.20    3,12  19.80  6.04 

F 7.48    2.96  21.40  6.84 

G 3.00  20.60  6.74 

H 20.80  6.78 6.82    0.62 

1 19.7  7,56  6.65    0.67 

J 18.60  7.02 6,86    0.62 

K 19,30  7.30 6.46     1.10 

L 20.72  7.74  6.46    0.77 


12.76  7.40  0.39 

12.70  7.20  0-41 

12.96  B.90  0.56 

11.20  6.62  0.68 

.  6.75  0.66 


Cent. 
0.63 


Cent. 
73,7 
74.4 
80.8 
78.1 


42.4 

37.3 

42.9  0.9S  80.2 

41.4  1.21  82.1 

42.9     81.0 

43.8     81.6 

41.2     80.6 

45.2     79.9 

44.0     81.3 

51.1     84.9 


Recovery 

Boiling  out  with  the  use  of  the  extra  still  kept  the  amount  of  solution  down  to  a 
minimum.  live  steam  was  admitted  into  the  third  still  at  intervals  to  facilitate  the 
boiling  out  of  the  nne.  The  exoess  solution  was  used  in  washing  the  residue  and 
saved  to  grind  the  ore  in. 

Zinc  precipitate  was  oS  color  for  the  most  part.  The  steam  From  the  first  still 
carried  over  rust  and  oil  enough  to  disoolor.  The  rust  was  caused  by  the  filter  press 
and  pipes  having  been  idle  for  some  months  previous  to  this  test.  Also  fine  rust  and 
ore  were  carried  into  the  receiving  still  from  the  ore  filter.  Decantation  from  the 
copper  precipitator  was  tried,  but  the  rust  occurred  as  before.  By  refiltering  the 
solution  through  a  finer  filter  (filter  paper  placed  on  the  leaves  of  the  press)  theresult- 
ant  line  carbonate  was  as  white  as  could  be  desired.  The  volatile  moisture,  etc., 
contained  in  the  predpitate  varied  from  65.2  per  cent,  to  78.6  per  cent.  The  re- 
oovery  of  the  sine  basic  carbonate  and  hydrate  was  99.7  per  cent.  This  0.3[per 
cent,  was  left  id  the  solution. 
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Zinc  Recovery 


Zino  Reoovered    Ziao  Extracted 

Pound  Pouada 

4.82  6.94 
4.17  3.68 
6.66  3.86 

2.83  4.00 
4,95  4.58 
6.71  5.34 
2.76  4.44 
4.B6  5.78 
6.64  5.S9 
3.58  4.48 
2,43  4.49 


Losses 

Ammonia  losses  were  4.44  per  cent,  during  the  run  (not  counting  A,  B,  C  and  D). 
Of  this  amount  0.28  per  cent,  was  unaccounted  fornumerically,  but  due  to  intermittent 
leaks  in  the  system,  17  per  cent,  oF  the  total  ammonia  was  tied  up  as  fixed  ammonia. 
No  lime  was  used  to  free  this  in  the  run .  Compressed  air  was  used  to  drire  the  dutgp 
through  the  filters  and  the  air  remaining  in  the  agitates'  and  copper  preupitator 
was  released  through  a  scrubber.  In  like  manner  the  absorbers  and  separator  were 
connected  with  scrubbers.  Washing'the  residue  firat  by  hot  solution  from  the  first 
still  and  then  with  steam  brought  the  residual  ammonia  down  to  from  1.3  lb.  to  3  lb. 
per  ton  of  ore.  The  line  precipitates  held  some  back  as  a  salt,  there  being  no  smell  of 
volatile  ammonia. 

Per  Cent 

Caught  in  scrubbers  (lutes) 2.26 

•Remaining  in  residue 0.67 

■Remaining  in  linc  precipitate 1.24 

•UnaniMunted  for 0.28 


Carbon  dioxide  losses  were  mostly  in  the  residues  as  tabulated  below.  The  total 
loss  was  24.72. 

°  This  lues  of  ammonia,  with  the  exception  of  the  trace  lost  in  the  residue  and  jse- 
cipitate,  was  higher  than  usual  with  us,  and  was  due  to  defective  old  valves  and  pipes, 
and  the  use  of  compressed  air.  Practically  all  of  the  ammonia  can  be  saved  by  drying 
the  residue  and  zinc  precipitates.    The  carbon  dioxide  can  be  recovered  by  raldning 

products. 
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P^  J.  Pounds  Zino 

p^    p    ,      Per  Ton  of  Precipitate 

nt  <^tti.    jt^jjgj^j  Ore  Per  Cent. 

1.43 

1.99 

2.54 

1.5 

0.526  10.5  0.62 

0.430  8.6  0.80 

0.365  7,1  0.60 

0.150  3.0  1.22 

0.140  2.8  0.80 

0.12S  1.5  1.00 

0.100  2.0  1.20 

0.065  1.3  0,70 


Precipitate 
Per  Cent, 


6.68 
7.00 
7.70 
6.00 

11.00 
8.60 
8.20 
7.40 

11,40 


6.2 


Remarki. — In  recovery  of  the  anunonia  by  boiling  out,  the  ammonia  content  of  the 
liquor  in  the  abeorbers  could  be  controlled  at  will;  15.3  percent,  ammonia  was  obtained 
e  in  solution  to  be  uaed  again. 

Respectfully  submitted, 

F.  L.  Wilson, 
Metallurgical  Chemist. 
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Salt  L&lu  mestloL  Auguit,  1SU,  when  bd  sbgtrHt  of  tbe  paper  wiU  be  read.  II  tUg  ii  impoBibla. 
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offered  thereafter  ihould  preferably  be  in  the  loim  of  a  new  paper. 


Leaching  Copper  Products  at  the  Steptoe  Woiks 


(Salt  Laiie  M«etln«,  Aoatut,  101«> 

At  the  Steptoe  metallurgical  plant,  where  ore  of  the  Nevada  Consoli- 
dated Copper  Co.  is  benefici&ted,  a  small  copper-leaching  annex  has  been 
in  operation  treating  Hue  dust  from  roasting-furnace  dust  chambers, 
together  with  a  siliceous  oxidized  ore.  This  leaching  plant  was  designed 
to  obviate  smelting  low-grade  siliceous  flue  dust,  which  interfered  with 
the  operation  of  the  reverberatories  by  forming  a  blanket  on  the  charge. 

The  major  portion  of  the  copper  content  of  tbe  flue  dust  accumulating 
in  the  upper  chambers  of  the  roaster  flue,  and  at  the  stack,  is  water  solu- 
ble, and  also  contains  much  free  sulphuric  acid  and  soluble  sulphates. 
It  was  found  that  sufiicient  acid  could  be  obtained  by  mbcing  this  material 
with  water  to  provide  a  lixiviant  for  leaching  the  siliceous  copper  ore 
mentioned.  This  was  the  sole  source  of  the  lixiviant  used  in  the  operation 
to  be  described. 

An  analysis  of  tbe  flue  dust  showed  it  to  be  composed  as  follows: 


Cent. 

Copper 3.00 

SiO, 23 .  41 

Fe 4.08 

CaO  +  MgO 2.72 

Al^i 6.07 

Free  H^O. 19 .  94 

SO]  combined  as  sulphate 25. 10 

H|0  combined  with  the  sulphates 10.67 


Total 97.49 

Copper  soluble  in  dilute  H,SO, 2.56 

The  oxidized  ore,   locally  known  as  carbonate,   has  the  following 
composition: 
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Per 
Cent. 

Copper 3.47 

SiO, 71.1 

Fe 2.3 

CaO 0.6 

AliOi 9.6 

8 0.9 

Total 87.87 

Copper  soluble  in  dilute  H,SO, 3.23 

A  screen  analysia  of  the  "carbonate"  ore  discloses  the  distributioD 
of  the  copper  throughout  the  several  sizings: 

Weight,  Copper,  Per  Cent,  of 

Mesh                        Founds  Per  Cent.  Total  Copper 

+  i                             19.6  3.86  21.8 

+  10                          20.5  3.85  22.9 

+  20                           11.8  4.14  14.1 

+  30                            9.8  3.82  10.8 


+  40 
+  60 


7.5 


5.1 
7.8 


3.0  2.46 

4.6  2.00 

9.3  1.76 

Average 3,475 


100.0 


It  is  evident  from  these  analyses  that  the  copper  in  this  ore  is  largely 
mineralized  as  silicate,  for  cryptocrystalline  chrysocolla  does  not  break 
into  small  particles  as  do  the  more  brittle  carbonates.  The  screen 
analysis  shows  that  when  crushed  to  i  in.  70  per  cent  of  the  copper 
mineral  remains  on  a  30-mesh  screen.  It  is  also  interesting  to  note  that 
the  copper  in  the  mineral  crushed  to  this  d^ree  of  fineness  is  readily 
soluble  in  dilute  sulphuric  acid.  It  has  been  repeatedly  obso-ved  in 
other  cases  when  treating  ore  in  which  the  et^per  is  present  largely 
as  silicate  that  a  high  percentage  of  the  metal  m^  be  extracted  with 
dilute  sulphuric  acid. 

The  method  of  operation  pursued  at  the  Steptoe  plant  consists  in 
hydraulicking  the  piles  of  flue  dust  which  have  been  withdrawn  from  the 
dust  chambers,  as  an  economical  means  of  dissolving  the  soluble  contents 
and  of  transportation  to  the  tanks.  The  stream  of  water  is  conducted 
to  vats,  or  impounded  in  dams,  where  the  mud  is  allowed  to  settle.  The 
clear  solution  resulting,  which  contains  the  soluble  salts  and  is  now  the 
lixiviant,  is  drawn  from  these  reservoirs  to  a  wooden  vat,  fitted  with  a 
filter  bottom.     This  is  the  ore-leaching  vat  proper.     It  is  40  ft.  in  di- 
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ameter  and  10  ft.  deep.  It  is  filled  with  crushed  "carbonate"  ore  to  a 
depth  of  7  ft. ;  the  ore  column  through  which  percolation  of  i-in-  material 
is  effected  is  therefore  about  7  ft.  high. 

The  excess  space  in  this  vat  is  used  to  store  the  lixiviant,  for  the  hy- 
draulicking  operatioQ  is  intermittent,  while  ore  leaching  is  continuous. 
Enough  lixiviant  is  accumulated  above  the  charge  in  this  vat  to  continue 
leaching  during  the  night. 

If  the  filtrate  from  the  ore  leaching  vat  (the  lixivium)  still  contains 
considerable  free  acid,  it  is  pumped  back  and  passed  through  the  ore 
bed  a  second  time.  Otherwise  it  is  allowed  to  flow  through  a  filter  of 
"carbonate"  ore,  and  thence  over  scrap  iron  placed  in  precipitating 
boxes. 

About  85  per  cent,  of  the  free  acid  carried  by  the  lixiviant  is  utilized 
in  the  ore-leaching  vat,  the  remaining  15  per  cent,  being  left  in  the  lixi- 
vium flowing  over  the  scrap  iron,  to  prevent  formation  of  basic  iron  salts 
and  insuring  clean  precipitate.  About  2  lb.  of  scrap  iron  are  consumed 
per  pound  of  precipitate  produced. 

The  cost  of  the  copper  recovered  from  the  flue  dust  and  siliceous 
"carbonate"  ore  capping  is  approximately  8c.  per  pound. 

The  above  data  were  supplied  by  C.  B.  Lakenan,  General  Manager, 
and  R.  E.  H.  Pomeroy,  Acting  Superintendent,  of  the  Steptoe  plant. 
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Coal  Mining  in  Alberta  in  1913 

CONTKIBCTED  BT   THE    COHUTTTEE    ON    COAL   AND   COKE 

The  following  tables  showing  the  output  of  coal  during  the  year 
1913  have  been  secured  by  R.  H.  Morris,  of  Pocahontas,  Alberta,  Canada, 
for  the  use  of  the  Committee  through  the  kindness  of  John  T.  Stirling, 
Chief  Mine  Inspector  of  Alberta. 

The  principal  mming  districts  are,  Crow's  N^t  Pass,  Calgary,  Leth- 
bridge,  and  Edmonton,  the  outputs  from  which  were  as  follows: 

Tona 

C3row'8  N«st  Pase 1,849,436 

Calgary 627,461 

Lethbridge 966,020 

Edmonton 863,430 

Total 4,306,346 

Of  this  quantity  there  was  exported  to  the  United  States,  principally 
from  the  Crow's  Nest  Pass  district,  138,201  tons  of  2,000  lb.,  that  beii^ 
the  ton  used  throughout  the  Province. 

This  production  consisted  of  lignite,  bituminous  coal,  anthracite, 
coldng  coal  and  coal  used  in  making  briquettes,  as  follows: 

Tons 

"Lignite  coal"  aignitic?) 1,763,225 

Bituminous  coal 2,374,401 

Anthracite  coal 168,720 

Ckiking  coal 104,012 

Coke  produced 65,167 

Briquettes  produced 130,861 

The  only  district  in  which  coke  was  made  is  the  Crow's  Nest  Pass 
district,  and  the  entire  product  was  consumed  in  Canada. 

The  total  number  of  persons  employed  is  as  follows: 

Above  ground 2,231 

Underground 5,837 

Total 8,068 

The  per  capita  production  was  as  follows: 

Tons  of  coal  mined  per  employee 533 

Tons  of  coal  mined  per  underground  employee 737 
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the  Canadian  Northern  and  Grand  Trunk  Pacific  Railways. 

A  recent  development  of  the  district  is  the  mining  of  coal  by  stripping 
with  steam  shovels  in  the  neighborhood  of  Edmonton. 

The  following  table  shows  the  yearly  increase  in  output  from  1901 
to  1913,  inclusive,  illustrating  the  remarkable  growth  which  has  attended 
the  opening  of  these  coal  fields  and  the  settlement  of  the  country. 


Year. 


1904.. 
1905.. 
1906.. 
1907.. 
1908,. 
1909.. 
1910. . 
1911.. 
1912. . 
1913.. 


Output  in  toM  for 

Output 

N.W.T.  (Alberta  aod 

in  Tons. 

Alberta. 

346,649 

510,674 

622,939 

782,931 

811,228 

1,385,000 

1,834,745 

1,845,000 

2,174,329 

-  3.036,757 

1,694,564 

3,446,349 

4,306,346 
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thansactions  of  the  american  institute  of  mining  engineers 

[subject  to  bevision] 

DISCUSSION  OF  THIB  PAPER  IB  INVITED.  It  nhtiuld  pntFenibly  Iw  pmentwt  in  psTwin  at  i 
Salt  Laka  meetins,  Aiipue,  19U.  when  an  Bbstnot  of  the  paper  will  be  read.  It  Ihlii  ia  impawll 
then  diaeuuao  In  writiu  m»  b«  seat  lo  tbe  Editor,  Ameriosn  iDatitute  of  Mining  Eagineen.  2e  W 
39(h  Street.  New  York,  N.  Y..  for  pKnentstiDO  by  tbe  Secrretey  or  other  rcpreeBntetive  of  "•  ""•'■ 
Cinleaa  ■pedal  amnsemeiit  ii  made,  the  dieeiuUDn  ol  (hie  paper  will  dose  Oct.  1,  1914.  An) 
offered  thmealter  ahould  pnlerably  be  in  the  [arm  of  a  new  paper. 


Basic-Lined   Converter  Practice  at  the  Old  Dominioa  Plant 


(Salt  Lake  Maetins,  Au(ugt.  1614) 

The  practice  of  using  acid-lined  converters  at  the  plant  of  the  Old 
Dominion  Copper  Mining  &  Smelting  Co.  was  discontinued  early  in 
January,  1913,  and  they  were  replaced  by  basic-lined  converters,  The 
new  equipment  consists  of  one  electrically  operated  12-ft.  upright  con- 
verter stand  and  two  basic-lined  shells  for  same.  These  shells  are 
provided  with  twenty-four  1  1/4-in.  tuySres.  The  mouths  are  5  ft. 
in  diameter. 

Owing  to  the  fact  that  there  is  no  bedding  system  or  other  large 
storage  capacity  between  the  mine  and  the  smelter,  the  furnaces  must 
handle  as  fast  as  produced  ore  and  concentrates,  which  may  vary  con- 
siderably from  day  to  day,  both  in  tonnage  and  copper  content.  Con- 
sequently the  converter  is  often  crowded  to  its  utmost  capacity  by  the 
frequent  fluctuations  in  the  daily  matte  supply.  From  the  foregoing, 
it  will  be  seen  that  in  no  way  can  the  converter  be  favored  by  running . 
light  charges  or  by  transferring  to  it.  from  other  stands  in  operation. 
Neither  can  it  regularly  be  allowed  to  cool "  between  blows,  and  only 
occasionally  can  it  be  run  at  as  low  a  temperature  as  might  be  wished. 
No  copper  precipitate  or  other  foreign  material  high  in  copper  is  available 
to  help  out  the  tonnage.  Rep^rs  and  alterations  or  the  removal  of  de- 
fective tuyeres  must  wait  until  such  time  as  a  slight  falling  off  in  the 
matte  supply  allows  the  converting  operations  to  ease  up.  These  variable 
conditions  all  combine  to  interfere  with  the  systematic  operating  of  the 
converter. 

The  first  12-ft.  shell  was  blown  in  on  Jan.  6,  1913,  and  ran  until 
June  27,  1913,  when  it  was  removed  to  patch  the  brick.  A  record  of 
operations  covering  this  period  follows: 

Commenced  blowing Jan.  6,  1913. 

Taken  oC  stand  for  patching June  27,  1913. 

Total  blowing  time 2,689  hr.  40  min. 

Total  number  of  blows  made 664 

Average  time  of  blow 4  hr.  3  min. 

Tons  matte  charged 18,157 

Average  copper  content  of  matte 43.9  per  cent. 

Average  time  blowing  one  ton  copper 22.fi  min. 

Total  copper  made 7,250  tons 
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BABtC-LINED    CONVERTER  PRACTICE 

Average  copper  per  oonverter  hour 2.66  tons 

Average  air  used  per  minute 9,000  ou.  ft. 

Average  blast  pressure 13.3  lb. 

Ore  fed 3,30*  tons 

Average  Slag  Analysis  Average  Matte  Analysis 

Per  Cent.  Pex  Cent. 

1 2.5  Cu 43.9 


CaO.. 
AltO). 


The  average  air — 9,000  cu.  ft.  delivered  by  the  blowing  engine — 
is  calculated  from  cylinder  displacement  multiplied  by  revolutions  for 
the  ^ven  time,  assuming  100  per  cent,  efficiency  for  the  en^ne,  and 
is  in  excess  of  that  used  in  converting,  for,  as  only  one  converter  is  in 
operation,  some  air  must  necessarily  be  wasted  whenever  the  shell  is 
turned  down  while  skimming,  charging,  etc. 

Between  Jan.  6  and  Feb.  15,  the  casting  machine  was  not  in  com- 
mission and  copper  was  poured  from  the  converter  directly  into  molds. 
This  operation  took  about  1  hr.  per  blow,  and  the  molten  charge  cooling 
in  the  front  of  the  converter  mouth  caused  it  to  close  up  rapidly.  To 
remove  the  incrustations  thus  formed,  books  of  various  sizes  and  shapes 
were  made,  but  none  proved  satisfactory  and  the  opening  gradually  grew 
smaller  until  it  measured  only  18  by  24  in.  Operations  were  then 
suspended  for  24  hr.  and  14  concentric  holes  parallel  to  the  sides  of  the 
shell  were  burned  through  the  accumulation  to  a  depth  of  4  ft.  with  an 
electric  arc.  Using  round  iron  wedges  and  driving  them  Intb  these  holes 
by  pounding  with  a  heavy  weight  suspended  from  the  crane,  it  was  possi- 
ble to  break  up  the  mass  and  enlarge  the  opening  to  its  original  size.  The 
cause  had  not  been  overcome,  however,  and  this  condition  was  a  con- 
stant source  of  annoyance  until  the  collar  puller  shown  in  Fig.  1  was 
designed.  By  its  use  the  opening  in  the  mouth  of  the  converter  can  be 
kept  at  any  desired  size.  It  works  rapidly  and  very  effectively,  easily 
cutting  through  hot  incrustations  3  ft.  in  thickness.  Unlike  a  hook,  it 
does  not  tend  to  suddenly  pull  loose,  and  therefore  if  the  shell  has  ac- 
cidentally been  lifted  off  the  rolls  in  the  efforts  to  remove  the  collar  there 
is  less  chance  of  its  dropping  and  breaking  the  pillow  blocks.  In  use, 
this  machine,  suspended  from  the  crane,  is  lowered  into  the  converter 
and  the  cutting  tool  brought  up  against  that  part  of  the  collar  to  be  re- 
moved. On  lifting,  the  "tail"  comes  up  gainst  the  opposite  side  of  the 
shell,  and  not  only  prevents  the  tool  from  pulling  loose  but  pushes  the 
cutter  into  the  collar.  If  the  incrustation  is  very  heavy,  deep  parallel 
channels  may  be  cut  that  will  ultimately  weaken  it  sufficiently  to  allow 
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lai^e  pieces  to  be  pulled  loose.  After  the  opening  has  been  enlarged  to 
the  desired  size  the  mouth  is  coated  with  mud,  which  forms  a  line  of 
weakness  that  renders  subsequent  collar  pulling  less  difiBcult.  The  use  of 
a  casting  machine  has,  of  course,  made  pouring  copper  into  the  molds 
from  the  converter  unnecessary  and  since  this  practice  has  been  dis- 
continued the  mouth  does  not  build  up  as  in  the  past. 

As  no  one  in  the  plant  had  any  previous  knowledge  of  basic  convert- 
ing, the  mistake  was  at  first  made  of  attempting  to  blow  very  large 
charges.  Trouble  immediately  resulted.  Tuy^es  frequently  became 
blocked  and  had  to  be  replaced  and  in  so  doing  the  lining  was  injured. 


Fio.  1. — Collar  Fuller. 

notably  between  tuyeres  13  and  17.  Fig.  2  shows  that  the  wear  at  this 
point  kept  in  advance  of  the  reminder  of  the  shell  throughout  the 
campaign. 

To  guard  against  any  possible  slagging  of  the  brick  by  silica,  a  slag 
more  basic  than  had  been  the  custom  in  acid  practice  was  made.  On 
several  occasions  when  the  silica  had  been  exceptionally  low  the  tuyeres 
became  hard  to  punch,  and  on  turning  the  converter  down  to  skim,  it 
was  seen  that  the  adjacent  brick  were  coated  with  some  foreign  material. 
Little  significance  was  at  first  attached  to  this  until  in  the  latter  part  of 
January,  1913,  it  was  noticed  that  this  coating  had  spread  and  nearly  all 
the  brick  were  covered.  Examination  showed  it  to  be  very  high  in  iron 
and  magnetic,  and  it  at  once  became  evident  that  under  certain  condi- 
tions magnetic  iron  oxide  was  being  formed  in  the  converter  and  deposited 
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on  the  brick.  The  thought  immediately  su^ested  itself  that  if  this 
coatii^  could  be  controlled  at  will  it  would,  owing  to  its  melting  point 
being  considerably  higher  than  matte  (about  1,525°  C),  remain  on  the 
brick  and  greatly  prolong  the  life  of  the  lining  by  protecting  it  from  all 
chemical  and  abrasive  action.  To  attain  this  end  the  logical  method  was 
to  blow  matte  without  any  silica  present,  thus  oxidizing  the  iron  to  FejOj, 
when  it  was  hoped  that  by  later  lowering  the  temperature  of  the  charge  by 
the  addition  of  cold  material,  the  magnetite  would  be  precipitated  and 
cover  the  interior  of  the  converter.  Experiments  along  these  lines 
proved  successful,  and  by  the  middle  of  February  the  shell  could  be 
coated  at  will.  It  was  quite  another  matter,  however,  to  keep  the 
coating  in  place.  Hard  driving  of  the  converter  when  the  matte  supply 
was  large  made  proper  running  impossible,  and  patches  of  brick  period- 
ically became  bare  and  the  lining  suffered  in  consequence.  Finally 
after  about  four  months'  operating  under  these  conditions,  thorough  con- 
trol of  the  process  was  attained  and  bare  brick  in  the  interior  of  the 
converter  became  a  thing  of  the  past.  The  lining,  however,  in  the  mean- 
time, had  received  such  hard  usage  that  shell  No.  I  was  taken  off  the 
stand  to  patch  the  brick  and  was  replaced  by  shell  No.  2. 

This  second  shell,  blown  in  on  June  27,  1913,  has  benefited  greatly 
by  knowledge  gained  in  operating  the  first  and  it  has  been  possible  to 
keep  the  magnetite  coating  intact  from  the  time  the  shell  was  first 
started.  After  having  made  over  20,000,000  lb.  of  copper  in  less  than 
eight  months,  much  of  which  was  produced  under  conditions  calculated 
to  give  the  greatest  wear  to  the  lining,  the  brick  shows  but  little  sign 
of  the  strenuous  campaign  through  which  it  has  passed  and  the  converter 
appears  to  be  good  for  many  million  pounds  more  before  a  patching  is 


An  increased  tonnage  to  the  furnaces  has  thrown  more  matte  to  the 
converter  and  it  has  been  necessary  to  drive  this  shell  much  harder  than 
the  first.  Over  50  per  cent,  of  the  time  it  is  averaging  better  than  21  hr. 
actual  blowing  time  out  of  the  24,  and  one  charge  follows  another  in 
rapid  succession.  Seventy  tons  of  copper  have  been  turned  out  in  24  hr., 
and  for  the  period  between  Jan,  22,  and  Feb.  20,  1914,  the  converter  aver- 
aged 57  tons  of  copper  per  day.  Such  work  as  this  has  been  made  possible 
only  by  keeping  the  brick  covered  with  the  magnetite  coating  and  thereby 
protecting  the  lining  from  wear  that  would  otherwise  speedily  ruin  it. 

To  apply  the  magnetite  covering,  no  hard  and  fast  rule  can  be  laid 
down,  as  the  process  must  necessarily  be  varied  in  minor  details  to  suit 
existing  conditions.  The  following  method  is  one  frequently  used  at  this 
plant:  Into  the  new  converter,  previously  heated  by  coal  and  coke  to 
expand  the  brick  lining,  a  charge  of  about  12  tons  of  molten  matte  is 
poured  and  blown  for  about  ^  hr.  without  any  silica.  By  this 
time,  most  of  the  iron  should  be  oxidized  to  Fej04,  but,  owing  to  the  high 
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temperature  attfuned,  the  magnetite  will  be  quite  fluid  and  not  apt  to 
adhere  to  the  brick.  The  addition  of  about  4  tons  of  cold  bood  cleanings 
or  oth^  material  low  in  sulphur  will  lower  the  temperature  sufficiently 
to  cause  the  magnetic  oxide  of  iron  to  become  pasty  and  deposit  on  the 
lining.  After  this  addition,  blowing  may  be  continued  for  a  short  time 
to  spread  the  FeiO^  evenly  over  the  interior  of  the  shelL  More  matte  and 
just  enough  silica  to  flux  the  iron  therein  contained  are  added  and  the 
barge  finished  in  the  usual  manner,  care  being  taken  to  keep  the  tem- 
perative  not  higher  than  1,200°  C.  This  may  be  done  by  the  addition 
of  cold  material  when  the  chaise  begins  to  show  excessive  heat.  Care 
must  be  taken,  however,  that  the  coating  is  FetO*,  and  not  cold  noatte 
and  slag,  as  a  proper  foundation  on  which  to  build  is  essential.  Should 
the  converter  be  allowed  to  get  too  cool  these  materials  will  coat  the 
brick  in  places,  and  any  Fet04  that  may  be  applied  subsequently  will  dis- 
appear as  soon  as  the  temperature  rises  above  the  melting  point  of  these 
more  fusible  substances.  This  is  a  frequent  source  of  failure  and  the 
cause  of  much  uneven  coating.  By  repeating  the  above  treatment  with 
each  successive  blow,  a  protective  covering  of  any  desired  thickness 
can  be  applied.  One  3  or  4  in.  in  depth  should  answer  all  purposes. 
When  too  thick,  it  makes  tuyere  punching  very  difficult.  Once  in  place, 
the  permanency  of  the  coating  is  simply  a  matter  of  temperature  control. 
In  fact,  it  is  impossible  to  prevent  FeiO*  from  depositing  on  the  interior 
of  the  converter  when  the  practice  is  to  make  a  very  basic  slag  and  the 
temperature  is  kept  down,  for  a  charge  will  occasionally  be  blown  with 
insuflScient  silica  and  FeiO*  formed  and  deposited  on  the  brick.  To  cool 
the  charge,  an  iron  ore  carrying  53  per  cent.  Fe,  10  per  cent.  SiOi,  and  2 
per  cent.  Cu  is  frequently  used,  though  cold  slag,  matte,  hood  or  pit 
cleanings  or  scrap  copper  is  equally  satisfactory.  Cold  matte  in  quantity 
is  not  to  be  recommended  unless  one  has  the  process  well  in  hand,  as 
the  heat  of  oxidation  is  later  apt  to  defeat  the  purpose  for  which  it  was 
added. 

An  average  analysis  of  the  converter  slag  made  during  the  last 
eight  months  ia:  SiO»,  22.7;  Fe,  67.6;  CaO,  1.0;  A1,0,,  2.9  per  cent. 
The  matte  averaged  43.5  per  cent.  Cu  for  the  same  period.  As  a  matter 
of  interest  it  may  be  mentioned  that  fluid  slags  have  been  made  in 
coatii^  the  converter  that  gave  the  following  analyses: 

SiO.  FeO  CftO  A1,0.  Cu 

Per  oent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

4.2  83.2  0.2  0.8  6.0 

10.0  81.1  0.3  0.9  4.2 

11.0  79.2  0.3  1.1  4,1 
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Sullivan  Ironclad  Coal  Cutters 

are.  reversible, — you  can  gut  from  right  to  left  as  in  the  photo 
above,  or  from  left  to  right  with  the  same  Irimciad  by  simply  re- 
versing the  cutter  bits  and  rearranging  the  feed  chain,  in  the  room. 

This  feature  enables  one  Ironclad  to  do  the  work  of  two  ordi- 
nary continuous  coal  cutters,  in  mines  where  the  system  of 
development,  or  local  conditions,  require  that  some  rooms  be  cut 
to  the  left,  others  to  the  right. 

The  change  is  made  in  fifteen  minutes  or  less,  requiring  no  longer 
than  the  setting  of  fresh  cutter  bits.  Other  Ironclad  advantages 
include ; 

(1)  Your  choice  of  direct  current  or  alternating  current  motors. 

(2)  Chain  drive,  reUable,  substantial. 

(3)  Friction — protected  feed  gearing,  providing  insurance 
against  breakage. 

(4)  Armorplate  housing  of  all  electrical  connections  and  gearing, 
protecting  the  operator  as  well  as  the  machine. 

(5)  Highest  cutting  capacity. 

(6)  Lowest  power  and  repair  costs  per  ton. 

Ask  the  nearest  owner.    Btdletin  868-H. 

AIR  COMPRESSORS  DUHOND  DRILLS 

ROCK  DRILLS  HAHHER  DRILLS  HOISTS  FANS 


Sullivan  Machinery  Company 

122  S.  Michigan  Ave.  Chicago 
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IMS  1914 

W.  &  L  E.  GURLEY 

TROY,  N.  Y. 

LARGEST  MAmTFACTURERS  m  AMERICA 

OF 

Field  Instruments  for  Mining  and  Civil  Engineers 


Also  makera  of  ACCURATE  THERUOllBTBRS 

PHYSICAL  AND  SCIENTIFIC  LABORATORT  APPARATITS 
STANDARD  WEIGHTS  AND  MEASURES 

BRANCH  TACTOST,  No.  jig  HARITtMB  BDlLDIIfO,  BBATTLB.  WASH. 
B«ad  lor  OBrt*T*i  Uuinal 
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207o  More  From  Every  Drill  Steel 

Strike  at  the  root  of  your  drilling  troubles.  Broken  bits  and 
shanks,  stuck  steels,  slow  cutting  bits,  result  from  imperfect 
sharpening,  as  a  rule. 

Leyner-sharpened  steels  eliminate  most  of  these  troubles.  In 
addition,  Leyner-sharpened  steels  stand  up  at  least  20% 
better,  and  they  are  sharpened  in  one-eighth  the  time,  leav- 
ing the  blacksmith  free  for  doing  other  work  around  the  plant. 


Leyner  Sharpener  at  Work 

Here  is  one  disinterested  opinion  from  Mr.  James  A.  Mc- 
Ilwee,  prominent  Colorado  contractor: 

"The  machines  are  giving  excellent  service;  the  bits  turned 
out  are  perfect,  true  to  gauge  and  stand  up  fully  20%  better 
than  hand  sharpened  steel.  The  machine  is  easy  to  operate 
and  does  rapid  work. 

"The  use  of  the  Leyner  Drill  Sharpener  has  helped  to  spell 
the  successful  driving  of  the  Laramie  Poudre  Tunnel  at  record 
speed." 

Send  for  Bulletin  4122 


INGERSOLL-RAND  COMPANY 

NEW  YORK  Oma.  tt.c  WorM  Onr  LONDON 

AIR  COHPKESSORS  ROCK  DRILLS  CORE  DRILLS 

IT) -rtkTT^ 
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The 
Development 

of  Storage  Battery  Locomotives 
for  use  in  mines  dates  from 
the  perfection  of  the  EDISON 
Nickel-Iron  Alkaline  Storage 
Battery. 

The  Edison  Battery 

will  work  anywhere — ^wet  or 
dry,  hot  or  cold — for  anyone — 
expert  or  non-expert.  It  is  the 
only  economical  battery  for 
practical  mining. 


Edison  Storage  Battery  Co. 

1 65  Lakeside  Avenue*  Orange,  N.  J. 


iii.e  .„Googlc 
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The    Slosan   of   the   Cameron — "Character:    The    Grandest   Thing" 

Two  Essentials  For  Pumps 

Their  efficiencies  must  be  high — their  main- 
tenance and  operating  expenses  must  be  low 
— ^two  essentials  that  are  splendidly  met  in 

Cameron  Centrifugals 

Back  of  Cameron  high  efficiencies  is  simplicity  and  excellence 
of  design.  Back  of  Cameron  low  up-keep  are  rigid  elimination 
of  the  unfit  in  choosing  material  and  thoroi^hness  of  manufac- 
ture. Back  of  Cameron  low  operating  costs  are  these  same 
elements. 

The  accompanying  illustration  shows  vividly  the  simplicity  of 
one  Cameron — the  Cameron  Double  Suction  Volute  Centrifugal 
Pump.  Note  the  horizontally  split  casing  allowing  quick,  easy 
access  to  all  working  parts.  The  impeller  is  enclosed  and  per- 
fectly balanced. 

If  you  want  your  pumping  done  at  the  least  ultimate  expense, 
put  it  up  to  the  Cameron. 

BuUelin  No.  150  itils  Ihe  story.    It's  free. 


A.  S.  Cameron  Steam  Pump  Works 

1 1  Broadway,  New  York  offices  the  world  over 

,  Cioo'ik' — 
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Members  of  the  American  Institute  of  Mining  Engineers 

are  cordially  invited  to  call  at  our  office  and  we  mill  lake  pleas- 
ure in  ahowini  them  A  Kelly  Press  in  actual  operation  at  oar 
testing  works. 

All  Mining  Engineers  Should  Know 

THE  KELLY  FILTER  PRESS 

(The  last  word  in  filter  presses) 

Acid  proof  filters  and  Special  filter  cloth  for  all  uses. 

Filter  leaves  entirely  accessible. 

Diy  cakes  dumped. 

Especially  adapted  for  drying  oil  flotation  concentrates. 

Ask  us  for  our  nevi  Butitiin,  just  out. 

KELLY   FILTER   PRESS  CO. 

206  FeK  BulkMng 
SaH  Lake  City 


ORE- DEPOSITS 

A   continuation  of  the  "Posepny"   Volume 

Comprising  Papers  Descriptive  of  Ore-Deposits  and  Discus- 
sions of  their  Origin,  Edited,  with  an  Introduction,  by 
Dr.  S.  F.  Emmons. 

The  volume  contains  also  a  Biographical  Notice  of  Dr. 
Emmons  by  his  associate  and  friend,  Dr.  George  F.  Becker, 
and  a  comprehensive  Biographical  Index  of  the  Science  of 
Ore-Deposits,  prepared  by  Prof,  John  D.  Irving,  of  the  Shef- 
field Scientific  School  of  Yale  University. 

The  volimie  contains  1002  pages.  Price,  bound  in  cloth, 
$5;  in  half  morocco,  J6.  Both  the  Emmons  and  the  Posepny 
Volumes  on  Ore-Deposits,  bound  in  cloth,  $8;  in  half 
morocco,  fio. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
)  WEST  39TH  STREET  NEW  YORK,  H.  Y. 


,i,.«:,y  Google 
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Four  Features  of  Baldwin-Westinghouse  Bar- 
steel  Electric  (Mine  Locomotives  Ttiat  Assure 
Maximum    Tonnage    with    Least    Expense 

The  Cast  Steel  Bar  Frame  which  gives  grea.t 
strength  with  least  weight;  permits  easy  access  to,  and 
excellent  ventilation  for  the  motors. 

The  Vauclain  Removable  Gib  which  greatly 
facilitates  the  removal  of  journal  boxes  and  permit 
inspection  or  replacement  of  all  wearing  parts  with 
a  small  cost  of  time  and  labor. 

The  OH  and  Waste  Lubricating  System  for  the 

motors,  with  specially  designed  bearings  for  long  life 
in  service,  which  has  been  adopted  as  a  standard  after 
years  of  investigation. 

The  Commutating<Pole   Motors  which  insure 

sparkless  commutation  at  all  loads.  As  a  result,  the 
commutator  and  brushes  are  long  lived  and  re- 
quire little  attention,  brush  renewals  are  seldom  re- 
quired, and  carbon  and  copper  dust  inside  the  motor 
is  practically  eliminated. 

These  features  are  but  few  of  many  which  have  been  incor- 
porated in  Baldwin-Westinghouse  Barsteel  mine  locomotives 
in  order  to  give  the  user  the  greatest  possible  service.     You  can 
obtain  them  only  when  you  specify  Baldwin-Westinghouse. 
Address  eStber  company  for  full  infoimation 

The  Baldwin  Locomotive  Works 

Philadelphia,  Pa. 

Westlnghouse  Electric  &  Mfg.  Co. 

East  PIHsburgh,  Pa. 

(7) 


BULLETIN,  A.  L  M.  E.~-ADVERT[8ING  EJECTION 

PAMPHLET  COPIES  OF  PAPERS 

The  pamphlets  in  the  following  list  will  be  sold  at  the  reduced  prices  un- 
til the  present  stock  is  exhausted.  Prices  to  Members,  one-half  those  listed. 
The  minimum  charge  for  each  order  will  be  25  cents.  Please  remit  by  money- 
order,  New  York  draft,  stamps  or  coin.  Add  10  cents  for  exchange  on  out- 
of-town  checks, 

MINING  WiimifT 

FOeHo.  UModt  Pria.     waiati. 

OM    Shatt-SioldBa  MsUiod*  oF  ButU.     By  Norman  B.  Btsly 

1043    The   Inleetion  ol   Cemant  GtouI  into   Wat«T-BeuiDa  FtBSurea.     By   Fnnda 

DonudBOD , 

1083     Drilling  PerfDrmuiM  at  (be  Kanaico  Dam,  Catakill  Aqueduct,  New  York.     By 
wTl.  Saunden 


n  Diamond  Drillioa.     By  Ralpb  WUeoi 


SS3    Th«  Applioatioa  < 


le  Use  of  Electrioit 


le  Coeur  d'  AieB«.     By  J.  B. 


1007     Um  ot  ElsBtiioity  in  Minioi  in  Uie  Butta  Diitriot.     By  John  OilBa 

906    Hydra-HIeotrie  Derelopmeat  in  Montana.     By  Max  Hebceo 

1007     Cae  of  Elaottioity  at  tha  Ptaa.  and  RapubUe  Iron  Minas,  Mieh.     By  Wm.  Kelly 

and  F.  H.  Annitnnc. 

lOM    Eleotris  TiaotiDD  in  Minsa.     By  Chatlaa  Learand 

B3e     Eleotiia  Povat  Inatallation  at  El  Tiire,  SoDora,  Haiioo.     By  Jama*  W.  Mai- 

aolmaon - .  - 

The  Safety  of  Undatsround  Eleotriaal  Icatallatiooi.     By  C.  M.  Maana 

1004  Tha  r iirawni  Air  Syatam  of  tha  Anaaonda  Copper  Minini  Co.,  Butte,  MonL 

By  Bruno  V.  Nwdbarg 

1005  The  AppUoadon  of  Elactiio  Motort  to  Shorali.     By  H.  W.  Rogan 

1030    Tha  ElaetrifieatioD  of  tile  Butta,  AnaDoniia  *  Paeifie  RaQway.     By  R.  E.  Wade. 

FaJmitiM  aad  Ifinine  Lait 

»TS     Valuation  of  Coal  Land.    By  H.  M.  Chanoe 

628     ValuBlioD  of  Iron  Hinea.     By  Jamai  E.  Flnlay 

An  Oil-Land  Law.     By  Qeona  Otii  Smith 

Bympoiluin  on  Mining  Law.     By  Horaee  V.  Winehell,  R.  W.  Rayraond,  Charlai 


I.  BhameL  Cbaila*  W.  Qoodala,  Ftaderiok  F.  ShaijdaiB,  A 


rt  Bonh,  F.  L. 


The  Dae  of  tha  MieroMopa  in  Minini  Eneneailni.     By  Frederiok  W.  Apsai 

The  Tin  Situation  in  Bolivia.     By  Howland  Bannnft 

The  Southern  CroM  Mine,  Gaorcetown,  Mont.     By  Paul  Billingday 

Tha  Elk  CSty  Mining  Diitriot,  Idaho  County.  Idaho.     By  Arthur  L.  flan 

.    Tha  Kennedy  Mlnins  Diitriot,  Nevada.     By  Paul  ElopMook 

Minimi  and  Minina  Matbodi  in  the  Southeeit  Miimuri  Diaeaminalsd-Lud  Dii- 
triot.    By  H.  A.  Ooo« 

Method  of  TeaCini  Draecai  Oxyien  Helmata  at  the  Copper  Queen  Mine.  Br 
C.  A,  Mitka 

The  London  Mine,  MoaQuito  Mininc  Diatriet.  Park  County,  Ohio.  By  Chailaa 
J.  Moore 

Lead-Sllvar  Mince  of  Oilmoi«,  Lemhi  County,  Idaho.     By  Ralph  Klchok. 

Tha  Oeopaphigal  Diatributian  ol  Minina  Development  in  the  Dnitad  Statai.  By 
Edward  W.  Parker 

Niekel  Deporiti  in  tha  Urate.    By  H.  W.  Tnrner 

ATripThrouch  Northern  Korea.     By  B.  W.  Turner 

Minina  Coat  AoooudU  of  the  Anaaonda  Copper  Minina  Co      By  H.  T.  Van  Ell*. 

NotH  on  an  Iron  Ore  Dapoait  Near  Bona  Kons,  China.     By  C.  M.  Weld 

la-Orea  of  tha  South  Rauae  of  tha  Cuyuna  Diatriet,  Minneaota.     By  Cari 


10 


iwa,  Jr.. 
AHBUCAH  IHSTITUTI  OV  HINIIfO  BMOINBBRS 

19  Weat  igtk^  JTa*  Ta^  If.  T. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

TkcM  nstmmaits  are  of  the  tame  standard  qaaKtr  and  potsen 
die  tame  features  of  dorabilitr  aod  weilmaiuliip  as  the  weH- 
koowi  Weston  standard  D.  C  bistmments.  Ther  are  so  lew 
b  price  as  to  be  within  the  reach  of  all  users  of  electrical 
■easnring  iostnimentt. 

Weston  A.  C.  instruments  are — 
Dead  Beat 

Extronety  Sensitire 

Practically  Indtyendent  of 

Ware  Form  and  Temperature 
'  Error,  and  reqidre  jtrf  litde 

Power  to 


FOR  D.  C.  CIRCUITS  OF  SMALL        Swltcf>bot«f  A. C 
MINE  PLANTS  hmtmemt 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

oiawdl  suited.  Theyareof  the  "•oftuou"  orJ^ectro- 
mafnetic  type,  remarkably  accurate,  well  auule^  niody 
finished,  ana  eapecially  low  in  price.  Weston  Ecl^iee  in- 
struniMits  are  far  ia  advance  of  all  preceding  forms  of  the 
seftjron  Qrpes. 

Write  for  cataloifue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark.  N.  J.,  U.  8.  A. 

Nsw  York  Offic*  j  II4  Uberty  Street. 

Londan  Branch  :  Aodrej  House,  Ely  Place,  Holboni. 

P«rU,  Fr«na«  :  E.  H.  Cadiot,  12  Rne  SL  Georges. 

■•rlln  I  European  Wcsloa  InstnuneDl  Co.,  Ltd.,  Sdioueberg,  Gcnal  Sif.,  f. 

(7)  .  .„Googk' 
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Wir 

Features  ot  "yf^'^"^    noist  uesign 

wSr  ^"thc'moM  inii»rtMt'  hoTst  partif '"^CAN    FiuCTION''^'uTCHES^Ira°imved 
BtcEl  bands.    Theit  advantage  »nd  detaUs  are  ciplained  in  the  Hoiit  book— ifs  tree  fut  Ihe  , 

VULCAN  TrON  works,  1744  Main  St.,  WILKES-BARRE.  PA. 

New  York,  M  Church  Street.  Chlcano,  913  McCoraric*  BM*. 


Star  Portable  Drilling  Machines 


ZQniPPSD  FOR  STEAM,  GAS  OR  BLBCTRICAL  POVBK 

For  Water  Wells— Oil  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Cuwl 
Excavftiions — Cement  and  Cnished  Stone  Qt:arries — Bridge  Soundings — Coal  Uine 
VentilUUon— Irr^ation,  Etc.  Write  for  Illustrated  Catalog. 

THE  STAA  DRILLING  MACHINE  COMPANY, 
General  Offices:  Akron,  Ohio.    Branch  Office:  a  Rector  St,  New  Toik  Qty. 
>,  Xaaan.— PwtlaDd,  Onfoo.— I«aa  BmA,  OiL 
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JEFFREY 

"Quality" 
Locomotives 

eliminate  annoying  and 
vexations  delays  and 
burdensome  cost  of 
upkeep. 

DIsllncttve  Feataresi 

Heavy  Capacity  Ball  Bearing  Motors  that  cut  out  all  mechanical  and  electrical 

Locomotive  Interchani^ble  tor  different  track  gauges  by  supplying  extra  wheels 
on  axles,  and  eitra  journal  boxes- 
Accessibility  ftr  inspection,  lubricating  and  making  repairs. 

BuUetin  No.  117  gives  the  details  complete.    Send  for  it. 

JEFFREY  MANUFACTURING  CO.,  COLUMBUS,  O. 

LET  QUALITY  BE  YOUR  GUIDE 

WHEN  BUYING 
Mining,    Milling,   Smelting   or  Crushing   Machinery 

There  is  no  economy  in  saving  money  at  the  sacrifice  of  "Qual- 
ity" for  a  Quality  Sacrifice  is  a  form  of  extravagance. 

Specify  Traylor  Products  and  secure  the  economy  that  only 
first  Quality  brings.  A  through  and  through  Quality,  which  all 
Traylor  Products  possess — A  Quality  developed  by  years  of  ex- 
perience, which  is  at  once  apparent  to  Engineers  and  Operators. 

When  you  are  ready  to  place  your  contract,  let  us  suggest  that 
you  judge  the  concern  in  the  light  of  its  past  performances — 

"WHAT  IT  HAS  DONE  FOR  OTHERS" 
then  you  can  form  a  good  idea  of  what  it  will  do  in  your  case. 

GSR  BXPBRT  BHGMBBRS  ARB  ALWAYS  AT  lODR  SBRVtCB 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO.* 

MAIN  OFFICE  AND  WORKS— ALLENTOWN,  PA. 

New  roik  Offlc*,  30  Charch  SI.  Waitam  Offlca,  Salt  Laka  Citr 
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A  Salesman  Reports: 


TheB.F. 
Goodrich  Co. 

FutorlHi   AkniB,OUa 
■xKhate  AB  PrincVd  CittH 


will  radnc*  your  taniuse  ccmU, 


We  will  furnish  name  of 

Ilia  plant  upon  request. 
'hmi»  nothtnainOood- 

rit.li  itdrcrtUlna  Uiat 
oi't  in  Oocidrteft  GocnIil 
Mirte™  nf  GnodHrh 

TlrrKOvA  Hxxrvthino 
Oiat'B  Bat  fii  Rubhtr. 


e  Power  Eyepiece 

A  Real  Economy 

15    to   25    Diam.    on 

Transit 
18    to    36    Diam.    on 

Level 

Advantages : 
Working    day     length- 
ened by  low  power  in 
dull  light. 

Number  of  set-ups  les- 
sened by  high  power  for 
long    sights    in    bright . 
light. 

OBTAIHABLB  OKLT  OK  GOODS  MANCPACTDRED  BY 


No.  OS; 
5-in.  T 
Sendfo 
Catalog 
Metro  i 


Bausch  £<  Ipmb  Optical  ©■ 


"  ROCHESTER.,  N.Y.  ' 


ili.ecoyGOO<^le 
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Parral  Tank  System  of  Slime  Agitation 

For  Pulp  undergoing  Treatroent  in 
Cyanide  or  Acid  Solutions 


Full  Information  on  Request 
Bernard  MacDonald,  Mgr.    South  Pasadena,  Calif. 


Efficient  Equipment 

The  Dorr  Classifier 

The  Dorr  Continuous  Thickener 

The  Dorr  Agitator 

In  use  by  Institute  Members  all  over  the  world. 
The  Dorr  Cyanide  Machinery  Co. 


NEW  VORK 


Denver,  Colorado 


KEEP  UP  TO  DATE. 


Aa  Bnginanbu  Jonmil  uiil  Compkte  Record  of  the  World  ■  Teehnioi]  Uientui*.  vhka 
'ndcici,  clunSai  ud  pubUibM  moatUT  rjinmii  of  hnndnd*  of  tachnicil  perioilinJs. 
AnaDilSulneriplion,  14/-.    BclKinm  and  Pnnca,  )o/-.    Or  Better  SlillWJominC 
IMICAL  AND  INDUSTRIAL  irtSTITUTES 
Comimtum :  Dinson  A. — Indsisd  Tschniol  and  lodtumi]  utenttin.  cnircnt  aad 
"■      ■      ~      -      •■      -      nandReleisnceLibruT,  Mining,  ?t(»cctaii& 
-Uborstotjm  for  AnalyM.    Pnctiul  Oem* 


idmitted.    I*bor»tot 

prudSDM.    Divinon  &. — Truulktioit 
vuioni  angioeeiing  problami. 

Subacrlplioa  (or  Mtmbanhip.  to/  -  par  ai 


FnrUwr  partieolu*  on  RwiBaai 


Offices:  70,  Boulevard  D'Anderlccht,  Bruxdles 
Telephonet  B3300  Telegramsi  ITI 
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PENNSYLVANIA  CRUSHER  COMPANY 

EWYORK  PHILADELPHIA  Pittsburgh 

tanh  Street  Stephen  GIranI  BId'g  M-ihe.ner  Bld'o 

Ciwbv*  ud  PnlTSTiun  lot  Br-Prodaet  Coko  PUnM,  Cotl, 

LI  msMoae,  Cemtal,  Rocka 

GypiBni,  Shalt,    and    ■ 

mnltitud*   of  othu     ma- 

Itailalt.  C«l  Craihlnt  and 
Cul  ClwkBlBC  Plinti. 
HAHHBS  CRUSHBRS. 
BRADFORD  ' 

COAL  CLBADSRS. 
PULVBHJZBXS. 
SIITGLE  ROLL 


■  DBLAHATBB  coal  TB8TBR. 


BEER,  SONDHEIMER  CSk  CO. 

FranMort-on-Malni  Qermany 

NEW   TORK  OFFICE       -       -       6i    BROADWAY 

Zinc  Ores,  Carbonatn,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  M&tte,  Copper  Bulliou,  Lead  Bullion,  Lead  Ores,  Anti- 
mony Ores,  IroD  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Coppei,  Arsenic,  Zinc  Dust. 

Own  Smelting  and  Refining  Works 


L.  VOGELSTEIN  CS,  CO. 

4a  Broadway  NEW  TORE 

BUYERS,  SMELTERS 
AND    REFINERS    OF 

Ores  and   Metals  of  All   Classes 

Agants   for; 
Aran  HInch  4  Sohu,  HalbnMadt,  Oanaany. 

Unttad  8tat«  Uatali  RiOnlnc  Co..  Chiome,  H.  J.  and  OnaaglU,  Ind. 
AmailcBii  Zlae,  Laad  h  Smaltiiii  Co.,  Caosj  and  Daarlnt,  Kaniaa. 
Kaaiii  Zinc  Co.,  la  Hafpa,  Eaniai. 
Tha  BlactmjUc  RsOdliic  *  SuHlHnc  Co.  ol  Annralla,  Ltd.,  Port  Kombia,  11.  S.  W. 


ACCURACY  IN  MEASUREMENTS 

I*  bnl  obtalnad  thiansh  tbe  at*  of  ^ 

MEASURING  TAPES  ' 

t  no  mora  •orara  tha  tsat,  Iho  betlaf  thali  ahowiaf. 
For  aala  bj  an  daalsia.    Swid  lor  Catalocaa. 

THE lUfKII /fate Qo.   sAomAW.  MICH.,  o.  s.  a. 

ITBW  YORK  LOHDOW.  EHG.  WIHDSOR.  CAH. 


MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 

Milwaukee,  ■Wisconsin. 
HININO    UACHINERT   o(   Ereir    l^pe.    Compete 
Power  ud  Electrical  Equipments.    For  all  CuudiMi 
buBlnesB  refer  to  Canadian  AlUs -Chalmers,   Limited. 
Toronto,  Ont 

ANSON  G.  BEHS 

NEW 

Troj,  N.Y. 

Electrolytic    Lead    ReBoine:      Zinc    Recovetr   from 

PROCESSES 

Complex   Ores;      Laboratories   for   Melalln^cal   Re- 

•earch. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  firoadwsf.  New  York. 
CAMERON     VERTICAL     PLUNGER     SINKING 
PUMPS,  for  shaft  linking.    CAMERON  HORIZON- 
TAL   PLUNGER   STATION  PUMPS,  for  handlinc 
gritty  water. 


ASSAY ERS 

AND 
CHEMISTS 
SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

D*nv*r,  Colo.  Salt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DENVER  ROCK  DRILL  MANUFACTURrNG  Ca 

DRILL 

SHARPENERS 

Donvor,  Colo.         EIPaeo,Tox.         Now  York  CMy. 

AIR  METERS 

Salt  Lako  City.  Utah.                 San  Franeiaoo,  Cal. 

STEEL  HOSE 

ETC. 

MANUFACTURERS  OF  WAUGH  DRILLS. 

CLASSIFIERS 

THE  DORR  CYANIDE  MACHINERV  Ca 

New  York                  Denver,  Colo.                       London 

THICKENERS 

Machinery  in  use  for  Cyanlding  wet  graWty   Concen- 

AGITATORS 

tration,   FloUtion,  Leaching    Copper    ores   and  manj 

,0,  Google 


METALLURGICAL  EQUIPMENT 


EDISON  STORAGE  BAHERY  Ca 

EDISON 

Or«ig«,  N.  J. 

STORAGE 

HtimfKtiir«rs  oitte  EDISOH  STORAGE  BATTERY 
for  Uine  H^nlage.    Write  for  doBcriptiTe  bulletin. 

BATTERV 

GENERAL  ELECTRIC  CO. 

SohenMtady,  N.  Y. 

ELECTRIC 
MINE 

ELECTRIC  MINK  LOCOMOTIVES.     ELECTRIC 

LOCOMOTIVES 

GOODMAN  MANUFACTURING  CO. 

CLCCTRIC 

Chlaaga,  Illlnale. 

COAL  CUTTCnS 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

MINE 
LOCOMOTIVES 

ELECTRIC  MINE  LOCOMOTIVES. 
POWER  PLANTS. 

THE  B.  F.  GOODRICH  CO. 

Akren,  Ohi«. 

CONVEYOR 

Qoodricta  "LoDKUfc"  "  Huecon"  ft  "Orclnbelf'  CON- 
VEYOR BELTS  will  hmndle  more  ton.  per  dollar  of 

BELTS 

cost  than  BN7  other  belt*  made. 

HARBISON-WALKER  REFRACTORIES  Ca 

BRICK 

PittBbur^,  Penim. 
Refractorlos  of  highsBt  grade  for  Blast  Fnmace  ud  the 
Open   He«rai,   Electrical  Furnaces,   Copper   Smelting 
pUnts,  Lead  Refineriea,  niclcel  Smeltais,  SUrei  Slimes 
and  Dross  Fnmaces,  Alloy  Fnmaces,   as  weU  as  all 
other  ^es  innse  intheTBrionsmetallur^cal  processes. 

Tint  CLAY 
SILICA 
MAGNESIA 
CHROME 

HARDINGE  CONICAL  MILL  CO. 

HARDINGE 

New  York,  H.  Y. 

BALL 
AND 

PEBBLE 

MILLS  for  flae  and  graanlar  crashing. 

MILLS 

.„*^iOogk 


A  DIRECTORY  OF  MINING  AND 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

P*ni,  III. 

SULPHURIC 

ACtD 

SULPHURIC   ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11   Braadway,  N*w  York. 

"Retnin-Aii"  Pump*,  Coal  Staearets,  Pneumatic  HoisU, 
"Electric- Air"  Drflta,  Coal  Puncbers,  Pneumatic  Toola, 
"Caljx"  Core  Drills,  Plug  Drilli,  Hammer  Diilli,  Tamp- 
ing Machine*,  Rack  Drilta,  Air  Lift  Pumpt. 


COAL 
MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Cclumbua,  Oht». 
BUctric  and  Aii  Power  Coal  Cutter*  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeriea,  Larriea,  Screens, 
Cages,  Cruahers,  Elevators,  ConvDyora,  Fans,  Hoists, 
Pumps,  etc. 


KELLY 

FILTER 
PRESS 


KELLY  FILTER  PRESS  CO. 

8M  Felt  Buliding  E.  B.  Lungwitz 

Salt  Lake  City,  Utah  80  Haiden  Lane,  New  Tork 

Manufacturers  of  the  KELLT  FILTER  PRESS.  Is 
most  efficient  and  reliable  for  all  filtering  requirements. 
Especially  adapted  for  drying  oil  flotation  coacentrates. 
Send  for  bulletin  of  our  latest  machines. 


LEAD  LINED 
IRON  PIPE 
AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakaflald,  Masa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES— for  Adds  and  Corrosive  Waters. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


A.  LESCHEN  &JONS  ROPE  CO. 

MMTafc      OkK-        St.  Lauls,  Mo. 

Producing  WIRE  ROPE  of  qualities  and  conatmcti  u. 
adapted  to  every  condition  of  wire  lope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Plaltened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramw ajrs  for  the  economlcid  transportation 
of  any  material. 
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METALLURGICAL  EQUIPMENT 


MASHEK  ENGINEERING  GO. 

90  WmI  St.,  N*w  York. 

BRIOUETTING 

MACHINERY 

fitta  planM  deiignad  and  arected. 

NOROBERG  MANUFACTURING  CO. 

Hilwankee,  VIb. 
High  Sffidency  Steun,  Air  and  Electric  Hoists,  Air 
Com^esaors,  Blowing  EnginflS,  Pnmping  BnginoB,  Cw 
Ubs  Enfliies  and  other  machinerj 


MINING 
MACHINERY 


0T4S  ELEVATOR  COMPANY 

Et*v*nth  Av*.  antl  Tw*nty-SIxth  St.,  N*w  Y»rk. 

Build  and  erect  all  types  of  Freight  and  PasBCDger  Ble- 
vatora — for  all  kinds  of  power ;— including  Puraaee 
HoletB,  Incline  Railways,  and  Special  Holating  Equlp- 
menu  and  Hactainei  for  Mining  uae.  Coireapondeace 
inTitgd. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PARRAL  TANK  SYSTEM  OF  SLIME  AGITATION 

Bernard  UacDonald,  SonOi  Pandena,  Calif. 
Manufacturer   of  &e   Parral   Tank   System   of   SUxat 
Agitation  for  pulp    undergoing    treatment   in   cyanide 
or  add  BoIntlonB.    Full  Information  on  reqnesL 


PARRAL 
TANK 
SYSTEM 
OF 
SLIME 
AGITATION 


PEERLESS  RUBBER  MFG.  CO. 

New  Tork 
HannfactiirerB  of  Conveyor,  Elevator  and  transmission 
belts;  pacUngf  valves,  air  drill  hose  and  all  other  me- 
chanical rubber  goods.    Write  for  catalogue. 


CONVEYOR 

BELTS 

PACKING 

VALVES 

AIR  DRILL 

HOSE 


PENNSYLVANIA  CRUSHER  CO. 

»g.':;J1Ut        Pliita'tolpliia         M^2!S^§id., 
Blcphni  Oirud  Bid's 
Complste  Coal  Craahing  and   Coal  Cleaning   Plants; 
Crashing  Hachiaei7  for  By-Prodoct  Coking  Plants; 
Cmsbers  and  Pulverizers  for  Coal,  Cement,  Rock,  Lime- 
stoao,  Gypsum,  and  a  multitude  of  other  materials. 

(  19) 


HAMMER 
CRUSHERS 
BRADFORD 
COAL  CLEANERS 
PULVERIZERS 
SINGLE  ROLL 
CRUSHERS 
DELAMATER 
COAL  TESTER 

.™.y  Google 


MINE 

PUMPING 

MACHINERY 


High  Grade  Pumping  HacbinerT;  Direct  Actinf,  Fij- 
Wheel,  and  Power  Pumpa  for  Ulne  and  Water  Works 
Service. 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  R»w,  N*w  Yerk. 
Mnaiter  ORE  BBDDINQ  Syitema— FURNACE 
PBBDERS;  SORTING  BELTS,  and  manr  otlm 
•pecial  applications  of  what  was  the  Pioneer  and  i*  tta» 
Standard  Bell  Conveyor;  Cosl  Handling  Sjstema; 
Electric  Locomotive*  ;  Hoiiting  Machineiy. 


WIRK 
ROPE 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N,  J, 

WIRE  ROPE  for  mining  work.  Stock  ahipmeoti  from 
agencies  and  branches  throughout  the  coaniry. 


P08ITIVK 

pncssunc 

BLOWERS 

VACUUM  AND 

ROTARY  PUMPS 

OAS 

EXHAUSTERS 

P.  H.  A  F.  M.  ROOTS  CO. 

for   Smelting,    Foundry   and   FQtration   Work.     Writ* 
for  Cattdogue. 

WATERPROOF 
LEATHER 

BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Perry  Street,  New  York 
UanafactnrerB  of  SCHIBItBn'S  DUXBAK  WATBft- 
PROOP  LEATHER  BELTnfG.    The  beltiog  Is  water- 
proof  and  chemical   proof,    perfect   In  material  and 
workmanship. 


DRILLING 


MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akion,  O. 
Branch  Office:  S  Rector  St:,  New  ToA  CUy. 


Mannfactnrers  of  Portable   Wr'l  DrUL^ 
tracUos  or  non-traction  for  drilling  all  depths  to  i 
feet,  equipped  for  Steam,  Gas  or  Electric  Power. 


,i,zec:,y  Google 


123  South  Hlchigan  Ave.,  Chicago,  BL 
Coal  Pick  Uacbines,  Air  Comprcstors,  Diamond  Core 
Drillm,  Rock  Drills,  Hoinmer  Drills,  Mine  Hoista,  Chain 
Cntler,  Bar  Maehlnes,  Pans. 


AIR 

coMpncssona 

HOISTS 
PUMPS 


TRAYLOR  ENGINEERING  I  MANUFACTURING  CO. 

WaiMm  OfflM, 
Bait  Laka  CHtr 

Manafactiirers  of  HIHING,  HILLING,  SMELTING 
and  CRUSHING  UacIiinerT.  TRATLOR  Products  pos- 
sess QualitT.    Our  Expert  Engineers  are  at  your  service. 


MINING 

MILLrNG 

SMELTING 

CRUSHING 

MACHINERY 


VULCAN  IRON  WORKS 

WllkM'Barr*.  Pa. 
Vulcan   Electric   Mine   Hoists,   Steam   Hoists,  Hoist, 
log  and   Haulage    En^nea,   Mining   Machinery,   etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


WEST1NGH0USE  ELECTRIC  &  MF&  CO. 

East  Pittsburgh,  Pa. 
THE  BALDWIN-WESTIHGHOUSE  ELBCTRIC  HINB 
LOCOMOTIVES.    For  full  information  writs  either  to 
above   addrets   or  THE  BALDWIN   LOCOMOTIVB 
WORKS,  Philadelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wav«Hy  Park,  Newark,   N.J. 
Weaton  Eclipse  AMMETERS,  MILLIAMMBTERS 
and  VOLTMETERS  are  well  suited  for  D,  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  (nr- 
nishinf  members  of  this  Society  with  a  reference  list. 


REFERENCE 

LIST 
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ALDMDGE,  WUTEK  H. 

Conmltini  Hlnlnf  and 

If  ■tallurgical  BnflnMr 

U  Wall  Btnat  NIW  TOBK 


ARMSTEAD,  Henty  Howell 

ConsnltinK  Engineer 
20  BroadwBjF 

NEW  YORK 

Aputado  Ofi,  Qn&nmjuato,  Mudoo 


BEATTY,  A.  CHESTER 

CMMuttlni  Mlnlni  EnilnMr. 


CaUtAddM: 

SraaHtc. 


CHANNING,  J.  PARKE 

CmhKIib  EHB>"Hr, 
4»  BxouwAT.  NEW  YORK. 


COULDREY,  PAUL  S. 

Mlnloe  En^aeer 


UEWER,  Vm.  H. 

and  Otolatitl.^^ 
P.  O.  Box  TOl,  VICTOMl,  B.  C 

CouiMted  with  thsTVM  Coppw  Co.,  Lid. 


CiBBo  DB  P^acd  Mnnxa  Co. 

CERRO  d>  PASCO,  PEM 


HAMMOND.  JOHN  HAYS. 


71  Bro»d».j,  H 


BROWN,  H.  B. 

ISIning  Engineer 


T»  Pacific  Block,      VABCODVXR,  B.  C. 
PRlnCB  RUPBST 


HANKS.  ABBOT  A. 

Cbenlit  lid  Asatyer 

Eitibllihed  iKS 

Control  and  Unpin  Amtl  SukttI- 
•lon  of  SuuplJiig  ■!  Smctm,  Chemical 
jj^yK.  of  On.,   Hlvnli,   UimnU 

IMIunMihIt    8m  FrtMiSM,  Cd. 


BURCH,  H.  KENYON 

RediuFur  ltd  Mctalliqlur  EiiImct 

Car*  Inaplntton  Consnlldatad  Copper  Co. 

I[«ill,  GIU  CDUriTT,  ARflOU 

Doiltaar  and  BnOder  of 
Pover,  HolsUni,  Pnmpliic, 
Ctiuhliic  and  MUllat  PUnta. 
apMfalUea  Conoanmtion  ol  Onn. 


HARDMAN,  JOHN  E. 

CmnRlas  Mfnliifl  EiflMer, 

Room  eoi.  Boyil  Trurt  BuUdiv^ 

MMTREAUSAHAOA. 
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PROFESSIONAL  CARDS 


HOYLE,  CHARLES 

milai  EHbaar, 

Aputido  S,  El  Oto, 

ESTAOO  DE  MEXICO,  ME»CO. 


RAYMOND,  ROSSITER  W. 
Mhilill  Ei|iMer  i«t  lletallir|M 

39  West  Thikty-Kinth  STkBET 

NEW  YORK 


LEDOUX  &  COMPANY 
Aawyert  ui  Suplera 

99  John  Street,  NEW  YORK 

IiidepeDdent  Sampling  Works 

New  York  and  J«nej  Citj 

BepKsenUtiTM  at  all  refineries  and 

smeltera  on  Atlaolic  Maboard 


REVETT.  BEN  STANLEY 

Hlilflfl  EnglHsr 
Alluvial  Miking 


BRECKENRID6E.  COLORADO 


LOWE.  HENRY  P. 

C«Miltli|  ami  lllili|'EiglM«r, 
CENTRAL  CITY.  COLORADO. 

B«dfi>id  UeNeUl  Ooda.  -  Lowb,  Datrru." 


ta  Inatltata  ot  TschBOlocr 
BOSTON,  MASS. 


MOMIMI,  D.  H. 

CaitmUing  fnetiuv 
Ulnliif  lD7€Btic>tioii*  Mpooiiilly  aanfollr 
nuulahn  mponnbl*  inModloc  InTMton. 

CIt)  hnrntlii  Mi^  ISS  ImAnr,  Nnr  TwL 


MTERS.  DESAK  B. 

Uining  finciiiect 

3SI  StoiT  Bnndiiis  LOB  AROBIBS 


HowABD  FoiLLOH  C.  B.  FoianB 

POILLON  &  POIRIER 

UfnJiig  KiginMrB 
63  Wan  Street 

NEW  YORK  CITY 

RATES 

FOR   PROFESSIONAL   CARDS 
QU01BD    OH    APPLICATION. 


RICKETTS  &  BANKS, 

80  Maiden  Lane,  New  York, 
■liiig,  ■etalliirfliMU  mid 

ChHileal  Eigliaert, 

Eumkudoa  oT  PnpmlH.  Totinf  a(  On* 
(ecBcmiFncaanl'Tnaimeiit.  CDuntniiaa 
ii  HbdBC,M<Blkuiial  ud  MltUacPncikB. 


PORTER  W.  SHIMER  t  SON 

HetaUorglcal  Chemists 

SaruLUaaD  1885 

IMtpa  tt  lrM,itcri,M<  *tkr  KUIi.inm 
•rH,Blitri(i,cM[  H^ctkt.teMitiVtttT.dc. 

nnsviTiTioti 

inEniUIlM  EASTOM,  PEMTA 


„Gu0^le 


^BULLETIN,  A.  L  M.  B.— ADVEaTISINO  SECTION 


PROFESSIONAL   CARDS 

SPILSBURY.  E.  GYBBON, 

STOUGHTOM,  BRADLEY 

OonanlUiLs,  OItU,  Wnlnx 

4S  Broadway,                NEW  YORK. 

29  Wert  3Wli  Street 

CkblBAddna:   "^pOrw/' Jr*w  7««. 

PROPOSALS   FOR   MEMBtRSHIP.  A  U.nk  proDo..!  1™^  ™mbml.iB 

^^^^^^^^^^^^^^^^^^~~~""~~  is  included  in  eacli  Year  Book  and 
Bulletin.  In  the  event  of  not  beinff  able  to  secure  sucli  a  one,  applica- 
tions for  membership  can  be  made  out  on  any  blank  piece  of  paper,  pro- 
vided they  include  the  class  to  which  the  candidate  is  proposed,  whether 
member,  associate  or  junior  member;  the  signature  oF  three  members  or 
associates  (junior  members  murt  also  have  the  endorsement  of  two  of  tbeir 
instructors);  a  brief  history  of  the  candidate,  including  date  and  place  oE 
birth,  his  education  and  technical  record,  and  finally  a  signed  statement  by 
the  applicant  that  he  desires  to  become  a  member. 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Allia-Chalmera  Manufaeturing  Co 16 

Baldwin-Weatinghouse  Co 7 

Beer,  Sondheimer  &  Co 15 

BauBcli  &  Lomb  Optical  Co 13 

Anson  G.  Betta 16 

A.  S.  CameroQ  Steam  Pump  Worka 5 

Denver  Rre  Clay  Co 16 

Denver  Rock  Drill  Co 16 

Dorr  Cyanide  Machinery  Co 14 

Edison  Storage  Battery  Co '. 4 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 17 

B.  P.  Goodrich  Co 13 

W.  &  L.  E.  Guriey 2 

Harbison-Walker  Refractories  Co 17 

Hardinge  Conical  Mill  Co Inside  Front  Cover 

Illinois  Zinc  Co IS 

Ingersoll-Rand  Co 3 

Jeffrey  Manufacturii^  Co 11 

Lead  Lined  Iron  Pipe  Co 18 

A.  Leschen  A  Sons  Rope  Co 18 

Lufkin  Rule  Co 15 

MacDonald,  Bernard  (Parral  Tank  System) 14 

Mashek  Engineering  Co 19 

Nordberg  Manufacturing  Co 26 

Otis  Elevator  Co 19 

Peerless  Rubber  Manufacturing  Co 12 

Pennsylvania  Crusher  Co 15 

Fred.  M.  Prescott  Steam  Pump  Co Inside  Back  Cover 

Robins  Conveying  Belt  Co 20 

John  A.  Roebling's  Sons  Co 12 

P.  H.  A  F.  M.  Roots  Co 20 

Chaa.  A.  Schieren 14 

Star  Drilling  Machine  Co 10 

Sullivan  Machinery  Co 1 

Traylor  Ei^ineering  &  Manufacturii^  Co 11 

L.  VogeLstein  &  Co 15 

Vulcan  Iron  Works 10 

Weston  Electrical  Instrument  Co 9 
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NORDBERG 

ELECTRIC  HOISTS 

FOR 

Inspiration  Copper 


THE  two  enormous  hoists  for  Inspiration  Copper  are  arranged 
facing  one  another  with   one  operating  platform  between. 

Each  hoist  has  two  lo  ft.  diameter  drums,  one  clutched  to  the 

shaft,  the  other  keyed. 

These  hoists  are  made  for  automatic  oppration  or  operation  by  hand. 

They  are  provided  with  automatic  saftty  devices  for  slow  down  and  overwind. 
The  total  rope  pull  !■  40,850  lbs.  and  the  capacity 
of  each   drum   is    1,0M    ft.    of    IH  Inch  rope. 

Each  drum  is  equipped  with  Nordberg  parallel  motionjjjmst  brakes;  brakes 

and  clutch  are  operated  by  air  thrust  cylinders. 

The  gear  and  pinion  are  the  cut  herringbone  t>;pe.  arranged  at  one  end  of  the 

hoist  with  bearings  set  close  on  either  side  of  pinion  and  gear,  thus  preservii^ 

perfect  alignment. 

E^h  hoist  is  driven  by  a  direct  current  motor,  264  r.  p.  m.,  operating  in  con- 
nection with  an  llgner  set. 

Nordberft  Electric  Hoists  are  built  in  all  size*.    In  medium  and  small 

sizes  they  are  standardized.    For  further  Information  send  for  our 

new  Electric  Hoist  Bulletin  34. 

NOmBBIC 


NORDBERG  MANUFACTURING  CO. 

MilwauLae,  Wisconsin 


? 


fUOIINERr 


,  iu«B(r 


D^r^nTToogTc 


Prescott  Mine  Pumps 

Steam  or  Power  Driven 

are  making  good  under 
the  most  exacting  con- 
ditions of  mine  service 

Prescott  Sinkers 

will  pump  more  water  for  their  size  and 
the  sjaace  required  than  any  other. 

Strength  and  simplicity  combined  with 
easy  access  and  long  life. 

Power  Mine  Pumps 

■Jcally  equipped, 
age  to  get  fully 
acquainted  with 
Prescott  Duplex 
Power  Pumps 
before  making 
your  installation 

You  cannot  afford  to  experiment  with  pumping  machinery 
designed  without  a  full  knowledge  of  what  is  required  in  under- 
ground work. 

PRESCOTT  Pumps  are  essentially  MINE  PUMPS. 

Wrile  for  Bidielin  P  22-40 

Fred.  M.  Prescott  Steam  Pump  Co. 

lis  Broadway,  New  York        Works :  Milwaukee,  Wis. 

Branch  Offices  in  all  Principal  Cities  P  ryfi-S 

Digitizecy  Google 


300  H.P..  23pO  Volt  &E  Molur  Driven  ShnlC  Hoial  at  GreeoebutE  Coil  Co..  Greensbarc.  Pi.. 

The  Electric  Mine  Hoist 
Most  Economical  Obtainable 

Some  of  the  advantages  of  electric  hoists  over  steam  or  air  are: — 
Greater  Safety 
Greater  Reliability 
Longer  Life  of  Ropes  and  Brakes 
More  Sensitive  Control 
Lower  Operating  Cost 

The  latter  advantage  is  realized  practically  always  and  a  saving  of  one-hilf 
the  power  cost  of  steam  hoisting  is  often  obtainable  when  power  is  purchaGe4 
from  a  central  power  station. 

No  power  bill  comes  in  for  the  man;  idle  moments  when  the  hoist  is  not 
operating.    No  firemen  and  ash  handlers  need  be  kept  on  duty  all  nighL 

Our  electric  hoisting  experts  have  designed  many  of  the  large  as  well  as  the 
small  electric  hoisting  equipments  in  use.  Their  experience  is  placed  at  your 
disposal  without  implied  obligation. 

Bolletin  No.  4922-A  "Electricity  in  Metal  Mines"  and  Bulletin  No.  4886-A, 
"Electricity  in  Coal  Mines"  or  Bulletin  No.  4939  "Electric  Hoists"  sent  on  request. 

General  Electric  Company 

H^  LirtMt  Blccuicil  Manidacluret  in  (be  World  W^ 

General  Office:  Schenectady,  H.  Y.  District  Offices  in: 

BDiton,  Uau.  Hew  Torli,  If.  T.  PhitidelphU,  Pa.  AtUnta,  Gi. 

CinciDDitl,  Ohio  Chicago,  111.  DeoTcr.  Gain.  San  Frandacn,  Cal. 

Sales  OfflcES  in  All  Lais«  Cities  «S^ 
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